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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and ngn-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field-off information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Internattional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The miain task of the joint technical committee is to prepare International Standards. Draft |nternational
Standgrds adopted by the joint technical committee are circulated to national baedies for voting. Piiblication as
an Intefnational Standard requires approval by at least 75 % of the national bedies casting a vote.
ISO/IELC 29199-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information |technology,
Subcofnmittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in collaoration with
ITU-T.
This part of ISO/IEC 29199 is technically aligned with ITU-T Rec. T.832 but is not published as identical text.

This third edition cancels and replaces the second\ edition (ISO/IEC 29199-2:2010), which has been
technidally revised.

ISO/IELC 29199 consists of the following parts, sunder the general title Information technology + JPEG XR
image foding system:

— P3art 1: System architecture [Technical Report]
— P3rt 2: Image coding specification

— Part 3: Motion JPEG XR

— P3rt 4: Conformanee-testing

— Part 5: Reference software

© ISO/IEC 2012 — All rights reserved \"
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Introduction

This part of ISO/IEC 29199 specifies requirements and implementation guidelines for the compressed representation of
digital images for storage and interchange in a form referred to as JPEG XR. The JPEG XR design provides a practical
coding technology for a broad range of applications with excellent compression capability and important additional
functionalities. An input image is typically operated on by an encoder to create a JPEG XR coded image. The decoder
then operates on the coded image to produce an output image that is either an exact or approximate reconstruction of the

input image.
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bile devices.

the most widely used digital photography format is a nominal implementatipn-0f the first JPEG
cified in ITU-T Recommendation T.81 | ISO/IEC 10918-1. This encoding uses a bit depth of 8 for|
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R specification enables greater effective use of compressed imagery with this broadened divd
pquirements. JPEG XR supports a wide range of celor*encoding formats including monochromd
n-component encodings using a variety of unsigneéd integer, fixed point, and floating point

br a wide range of applications while keeping the implementation requirements for encoders and d
cial focus of the design is support for emerging high dynamic range (HDR) imagery applications.
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Important detailed design properties include:
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High performance, embedded system friendly compression

memory footprint

r-only operations with no divides

A signal processing structure that is highly amenable to parallel processing

Use of the same signal processing operations for both lossless and lossy compression operation
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Monochrome, RGB, CMYK or n-component image representation
8- or 16-bit unsigned integer

16- or 32-bit fixed point

16- or 32-bit floating point

Several packed bit formats

1-bit per sample monochrome

5- or 10-bit per sample RGB

Support for a wide range of decoded sample formats (many of which support high dynamic range imagery):

The alg
image 1
decodir
overlap
design |

The alg
internall
arbitrar]

The traj

Using the same algorithm for both types of operation simplifies implementation, which is especially

embedd

A wide
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Annex

Radiance RGBE

orithm uses a reversible hierarchical lifting-based lapped biorthogonal transform. The transforn
epresentation capability and requires only a small number of integer processing operations for -both
g. The processing is based on 16x16 macroblocks in the transform domain, which ‘may or m|
bing areas in the spatial domain (with the overlapping property selected under the control of the g
rovides encoding and decoding with a minimal memory footprint suitable for embedded implements

orithm provides native support for both RGB and CMYK color types by converting these color
luma-dominant format through the use of a reversible color transform, In addition, YUV, mon
y n-channel color formats are supported.

hsforms employed are reversible; both lossless and lossy operatigns-are supported using the san

ed applications.

range of numerical encodings at multiple bit depths are sipported: 8-bit and 16-bit formats, as well
zed packed bit formats, are supported for both lossy and 10ssless compression. (32-bit formats are su

processing, lossless and lossy coding are supported for floating point and fixed point image data —
mage formats.

ed decoding process that produces an+output image from a coded image. Annex A specifies a
format for storage and interchange of'such coded images. Annex B specifies profiles and levels, wh

ment are discussed in Annex C,(The typical expected encoding process is described in Annex D.

ernational Organization for-Standardization (ISO) and International Electrotechnical Commissio]
h to the fact that it is claimed that compliance with this document may involve the use of patents.

IEC take no position-concerning the evidence, validity and scope of these patent rights.

ders of these patent rights have assured ISO and IEC that they are willing to negotiate licences und
-discrimindtory terms and conditions with applicants throughout the world. In this respect, the stat
of these\patent rights are registered with ISO and IEC. Information may be obtained from the comp
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ns“drawn to the possibility that some of the elements of this document may be the subject of patent rights other

than those identified above. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
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Information technology — JPEG XR image coding system —

Part

2:

Image coding specification

1

This p4
continu

2

Scope

rt of ISO/IEC 29199 specifies a coding format, referred to as JPEG XR, which is‘designed
bus-tone photographic content.

Normative references

Normatjve references having a scope that is limited to the use of the file format spe¢ified in Annex A are lis

3

For the

NOT1
in A

3.1
adaptiv
parsing
coded f

NO1
fixeq

3.2
adaptiy
parsing
modifig

33
adaptiy
parsing

Terms and definitions

purposes of this document, the following terms and definifions apply.

E Definitions of terms having a scope that is limited to the use of the file format specified in Ann
2.

e coefficient normalization
sub-process where transform coefficients are dynamically partitioned into a VLC-coded part and 4
art, in a manner designed to control (iye., "normalize") bits used to represent the VLC-coded part

J-length coded part of high-pass coefficients is called flexbits.

e inverse scanning
sub-process where’ the zigzag scan order associated with a set of transform coefficients is
d, based on thestatistics of previously-parsed transform coefficients

e VLC
sub-process where the code table associated with VLC parsing of a particular syntax element

primarily for

ed in A.2.

ex A are listed

fixed-length

E The fixed-length coded_part of DC coefficients and low-pass coefficients is called FLC refinpment and the

dynamically

is switched,

among

34

a fimite setof fixed tabtes,; based om the Statistics of previousty-parsed Starnces of tiis SyImax cieme

alpha image plane
optional secondary image plane associated with an image of the same dimensions as the luma component of the primary
image plane

NOTE The alpha image plane has one component, a luma component.

3.5
block

mxn array of samples, or an mxn array of transform coefficients

© ISO/IEC 2012 — All rights reserved
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3.6
block index

integer in the range 0 to 15 identifying, by its position in raster scan order, a particular 4x4 block within a partition of a

16x16 block

3.7
byte

into 16 4x4 blocks

sequence of 8§ bits

3.8
byte-aligned
bit in a code

fream is hyfp-nlignpd if it pnqi‘rinn is an in‘rPgPr mn]ﬁplP of R hits from the thinning of the code

stream,

where the firs

3.9

chroma
component
associated wi

3.10
coded block
coded block

t bit in the codestream is at position 0

bf the primary image plane with non-zero index, or the transform coefficients’and sampld
th this component

pattern high-pass
pattern high-pass is a syntax element indicating the coded block status, i.e. the presence or abs

non-zero high-pass transform coefficients, for each of the blocks in the macroblock

3.11

coded block
coded block
coefficients i

pattern low-pass

h the macroblock

values

ence of

pattern low-pass is a syntax element indicating the presence or absence of non-zero low-pass trqnsform

3.12

coded block status

coded block Etatus is an indication of the presence or absence of non-zero transform coefficients in that block

3.13

codestream

sequence of Bits contained in a sequence of bytes from which syntax elements are parsed, such that the most significant
bit of the firsf byte is the first bit of the ¢codestream, the next most significant bit of the first byte is the second bjit of the
codestream, [and so on, to the least significant bit of the first byte (which is the eighth bit of the codestream), fpllowed
by the most dignificant bit of the second byte (which is the ninth bit of the codestream), and so on, up to and irfjcluding

the least sign

3.14
component
array of samy

3.15
context
possible valu

3.16

ficant bit of the last\byte of the sequence of bytes (which is the last bit of the codestream)

les assoctated with an image plane

e of a specific instance of a context variable

context variable

variable used in the parsing process to select which data structure is to be used for the adaptive VLC parsing of a given
syntax element

3.17

DC coefficient

first subset when the transform coefficients, that are contained in a specific macroblock and a specific component, are
partitioned into 3 subsets

© ISO/IEC 2012 — All rights reserved
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3.18
DC-LP array
array of all DC and low-pass transform coefficients, for all macroblocks associated with a specific component

3.19
decoder
embodiment of a parsing process and decoding process

3.20
decoding process
process of computing output sample values from the parsed syntax elements of the codestream

3.21
dequantization
process| of rescaling the quantized transform coefficients after their value has been parsed front the codestream and
before they are presented to the inverse transform process

3.22
discrinjinant
collectiye term for one of DiscrimVall or DiscrimVal2, which are the two member“variables of an instance of the
adaptive VLC data structure specified in subclause 5.5.5.

3.23
encodey
embodiment of an encoding process

3.24
encoding process
process|of converting source sample values into a codestream'conforming to this part of ISO/IEC 29199

3.25
extend¢d image
image produced by the decoding process prior to“’windowing

NOTE The extended image has a luma array that is an integer multiple of 16 in width and height.

3.26
file

finite-ldngth sequence of bytes. that is accessible to a decoder in a manner such that the decoder can obtain access to the
data at gpecified positions Within the sequence of bytes (e.g. by storing the entire sequence of bytes in random access
memory or by performing."position seek" operations to specified positions within the sequence of bytes)

3.27
file format
specifigd structire for the content of a file

3.28
fixed-length code (FLC)

code which assigns a finite set of allowable bit patterns to a specific set of values, where each bit pattern has the same
length

3.29
FLC refinement
fixed-length coded part of a DC coefficient or low-pass coefficient that is parsed using adaptive fixed-length codes

3.30

flexbits
fixed-length-coded part of the high-pass coefficient information which is parsed using adaptive fixed-length codes

© ISO/IEC 2012 — All rights reserved 3
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3.31

frequency band
collective term for one of the following three subsets of the transform coefficients for an image, which are separately
parsed: DC coefficients, low-pass coefficients, and high-pass coefficients

3.32

frequency mode
codestream structure mode where the DC, low-pass, high-pass and flexbits frequency bands for each tile are grouped

separately

3.33
hard tiles

codestream
operators are

3.34
high-pass co
third subset,
partitioned i

3.35
image

tructure mode where the overlap operators are not applied across tile boundaries; instead, boundaiy
applied at tile boundaries

pfficient

to 3 subsets

result of the decoding process, consisting of a primary image plane and an optionalalpha image plane

3.36
image plane
collective ter

3.37
initial level ¥
one of two v4

3.38

m for a grouping of the components of the image

alue
lues used to compute the VLC-coded part of atransform coefficient

internal color format

color format
reconstructi

3.39

inverse core
two steps of
macroblock

3.40
inverse tran
part of the d
values

hssociated with the spatial-domain samples obtained through the inverse transform process and the
pn process, and distinguished from the output color format associated with the output formatting

transform (ICT)
the inverse transform process that involve processing of transform coefficients associated w
ndependently, with/no overlap filtering

form proeess
bcoding ‘process by which a set of dequantized transform coefficients are converted into spatial

overlap

vhen the transform coefficients that are contained in a specific macroblock and a‘specific component are

sample
process

th each

domain

3.41

inverse scanning
process of reordering an ordered set of parsed syntax elements from the codestream to form an array of transform
coefficients associated with a specific component and macroblock

3.42
little-endian

form

ordering of the bytes that represent a numerical value as an integer number of bytes in which the bytes representing the
number are in ascending order of significance, i.e. with the least significant byte first, followed by the next least
significant byte, etc.

© ISO/IEC 2012 — All rights
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3.43

low-pass coefficient

second subset, when the transform coefficients that are contained in a specific macroblock and a specific component
are partitioned into 3 subsets

3.44

luma

component of an image plane with index zero, and the transform coefficients and sample values associated with this
component

NOTE Although this term is commonly associated with a signal that conveys perceptual brightness information, as used
in this International Standard the term is primarily an identifier of a particular array of samples or transform coefficients for an
image.

345

macrohlock
collectipn of transform coefficients or samples, across all components, that have the same indices i and j With respect to
a macrgblock partition

3.46
macroblock partition
partitioning of each component, into 16x16, 8x8, or 16x8 blocks, depending on the’internal color format

347
output pit depth

represeI;ation, including the number of bits and the interpretation ©f the bit pattern, used for the sample [values of the
output iimage that are the result of the decoding process

3.48
output color format
color fgrmat associated with the output image that is the'result of the decoding process

3.49
output formatting process
process|of converting the arrays of samples.(that are the result of the sample reconstruction process) ifjto the output
sampleq that constitute the output of the decoding process

NOTE This specifies a conversion (if necessary) into the appropriate output color format and output bit depth.

3.50
output image height
height df the sub-array of'the luma component of the primary image plane that is output by the decoding process

3.51
output image width
width of the(sub-array, of the luma component of the primary image plane that is output by the decoding process

3.52
overlap filtering

steps of the inverse transform process that involve processing of transform coefficients across adjacent blocks and
macroblocks

NOTE When overlap filtering is applied, it is applied across macroblock boundaries as well as block boundaries. When
the codestream uses soft tiles, the overlap filtering is also applied across tile boundaries. Otherwise, overlap filtering does not
occur across tile boundaries.

3.53

parsing process

process of extracting bit sequences from the codestream, converting these bit sequences to syntax element values, and
setting the values of global variables for use in the decoding process

© ISO/IEC 2012 — All rights reserved 5
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3.54
prediction

process of computing an estimate of the sample value or data element that is currently being decoded

3.55

prediction residual
difference between the result of the prediction process invoked for a sample or data element, and its intended value

3.56

primary image plane

image plane

that consists of all image components that are not a part of the alpha image plane

3.57

QP index
integer, whid
parameters

NOTE
the transf

3.58

QP set
set of quanti
components

3.59
quantization
value used {
transform p

3.60
raster scan ¢
scan order in
from the top

3.61
refinement
process of my

3.62
run
number of ze
the inverse s

h for a particular frequency band and macroblock specifies the index into the table of quan
vailable for this frequency band and tile

The QP index thereby selects, for this macroblock, the quantization parameter used\for the dequantif
rm coefficients in the specific frequency band.

zation parameters associated with a particular frequency band, corcesponding to the luma and

parameter (QP)
p compute the scaling factor for the dequantization“of a transform coefficient, before the
rocess is applied

rder
which a two-dimensional array of valuegds scanned row-wise from left to right, and the rows are
ow to the bottom

difying a predicted or partially-computed transform coefficient

ro valued coefficiént levels that precede a non-zero valued coefficient level in the zigzag scan orde
fanning process

process of co

3.64
soft tiles

sttuction process

tization

tation of

throma

inverse

scanned

" during

codestream structure mode where the overlap operators are applied across tile boundaries

3.65

spatial co-location
sub-arrays of samples are spatially co-located across components when they correspond to the same spatial region of

the decoded i

NOTE

mage

The macroblock partition of the image ensures that the i-th macroblock horizontally and j-th macroblock
vertically across all components are spatially co-located.
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3.66

spatial mode

codestream structure mode where the DC, low-pass, high-pass and flexbits frequency bands for each specific
macroblock are grouped together

3.67

spatial transformation

element in the codestream indicating the preferred final displayed orientation of the decoded image, as specified in
subclause 8.3.8

NOTE The spatial transformation is only a suggestion, and decoder conformance is checked only for the decoded
image prior to the application of this transformation (i.e. for orientation 0).

3.68
start cqde
bit patt¢rn that specifies the beginning of a tile packet or other distinguished, contiguous set ofsyntax elpments in the
codestrieam

3.69
tile
collectipn of macroblocks that have the same indices i and j with respect to a tile partition

NOTE Each tile corresponds to the macroblocks for a rectangular region‘of the image.

3.70
tile padket
contigupus subset of the codestream, which contains the coded syntax elements associated with a specific file

3.71
tile parftition
partition of the image into rectangular arrays of macroblocks, as specified in subclause 6.4

3.72
transfopm coefficients
values, [associated with each specific macreblock and specific component, that — after dequantizationn — form the
input arpays into the inverse transform-process

3.73
variable-length code (VLC)
code which assigns a finite §€t'of allowable bit patterns to a specific set of values, where each bit pattern is potentially of
a differ¢nt length

3.74
VLC r¢finement

one of two values used to compute the VLC-coded part of a transform coefficient
NOTE The number of bits required to specify the VLC-refinement is dependent on the value of the initjal level value.

The VLC refinement is added to the initial level value to produce the VL.C-coded part of the transform coefficient.

3.75

windowing

selection of spatially co-located sub-arrays of the components of all present image planes associated with an image
that are output by the decoding process

3.76

zigzag scan order

adaptive ordering for the inverse scanning process, which assigns array indices to each subsequent transform
coefficient parsed from the codestream

© ISO/IEC 2012 — All rights reserved 7
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4

Abbreviations

For the purposes of this document, the following abbreviations apply. Abbreviations having a scope that is limited to the
use of the file format specified in Annex A are listed in subclause A.4.

CBPHP Coded block pattern high-pass

CBPLP Coded block pattern low-pass
FCT Forward core transform

FLC Fixed-length code

HP High-pass

ICT Inversecore-transform

JPEG  Joint Photographic Experts Group
LP Loyv-pass

LSB Ledst significant bit

MSB Mot significant bit

QP Quantization parameter

VLC Vatiable-length code

5 Canventions

5.1 Conformance language

This Internatf

Normative td
requirements
conforming i

Informative t
editorially w
exceptions: tl
the preamble
subclause 5.]
conformance

The keyword|

The keyword
conforming t
"reserved" an

5.2 Op

NOTE - M

onal Standard consists of normative and informative texts

xt is that text which expresses mandatory requiréments. The word "shall" is used to express mg
to be followed strictly in order to conform to thisiSpecification and from which no deviation is pern
mplementation is one that fulfils all mandatory‘tequirements.

pxt is text that is potentially helpful to the@ser, but not indispensable and can be removed, changed d
thout affecting interoperability. All text in this International Standard is normative, with the fqg
e Introduction, any parts of the text'that are explicitly labelled as "informative", statements appear
"NOTE", behaviour described using the word "should", and pseudocode comments delimited as spe
7. The word "should" is used.to describe behaviour that is preferred but is not necessarily requ
to this Specification.

5 "may” and "need nof'.indicate a course of action that is permissible in a conforming implementatio|

"reserved" indicatés a provision that is not specified at this time, shall not be used in impleme
b this versioncofithis Specification and may be specified in the future. The keyword "forbidden" i
d in addition/indicates that the provision will never be specified in the future.

erators
anyvOf the operators used in this Specification are similar to those used in the C programming language

ndatory
itted. A

r added
llowing
ng with
ified in
ired for

n.

ntations
hdicates

(e.g. as

specified in ISO/TEC 9899).
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Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary prefix operator)
++ Increment by one as a unary postfix operator
- = Decrement by one as a unary postfix operator
* Multiplication

/ Integer division, where the result is truncated towards zero

al aq shera-i dad

astreRn—tha-aathaermats Hatians X o-truneatiaon-or-talt 3 cantan
DHSIo-HHRatHe gt car-equatonSwaere-Rotruhcatiof-orrouRagisHtenaea

NO1
oper|
NOT

5.2.2

TRUE/

z

5.2.3

the value FALSE (in text'or using a relational operator), it is compared to the value 0.

When a variable is-set-to the value TRUE, it is set to the value 1; and when a variable is set to the va

Division in mathematical equations where no truncation or rounding is intended

% X % a is defined as the modulus operator for x >=0 and a > 0

x % a is defined as —(((—x) % a)) forx <O and a> 0

E 1 — Although sometimes used as unary prefix operators in the C programming language, the "++" and '
htors are not used as unary prefix operators in this Specification.

E 2 — The division operators used in this Specification differ somewhat from these‘used in the C programming

Logical operators
[ Logical OR
&& Logical AND
! Logical NOT

FALSE convention:

When a variable or arithmetic expression having a non-zero value is evaluated as a logical cond
blement of a logical expression, it is.évaluated as TRUE, and when a variable or expression having 3
bvaluated as a logical condition orlas an element of a logical expression, it is evaluated as FALSE.

When the value of a variable-orarithmetic expression is compared to the value TRUE (in text or usir
perator), it is compared to the value 1, and when the value of a variable or arithmetic expression i

s set to the value 0

Relational operators

> Greater than

"

- —" arithmetic

anguage.

tion or as an
zero value is

g a relational
compared to

ue FALSE, it

= Greater than or equal to

< Less than
<= Less than or equal to
== Equal to

I= Not equal to
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5.2.4  Bit-wise operators

Bit-wise operators operate on bit pattern values that are produced by conversion of an integer value to an equivalent bit
pattern value. Bit-wise operators operate on a two's complement representation of the integer value using a number of
bits sufficient to represent the integer value (with a bit equal to 0 in the MSB of non-negative integer value
representations and otherwise with a bit equal to 1 in the MSB). The result of a bit-wise operator is then interpreted as a
two's complement representation of an integer value. The following bit-wise operators are defined:

&

AND. When operating on a bit pattern argument that contains fewer bits than the other
argument, the shorter argument is extended by adding more significant bits equal to
the MSB of the shorter argument such that the number of bits representing the shorter
argument is made the same as the number of bits for the longer argument.

5.2.6 Pr

Operators arg
equal preced

>b

<b

OR. When operating on a bit pattern argument that contains fewer bits than the other,
argument, the shorter argument is extended by adding more significant bits equalito
the MSB of the shorter argument such that the number of bits representing the shorter
argument is made the same as the number of bits for the longer argument.

XOR. When operating on a bit pattern argument that contains fewer bits than‘the other
argument, the shorter argument is extended by adding more significant-bits equal to
the MSB of the shorter argument such that the number of bits repres€nting the shorter
argument is made the same as the number of bits for the longer argument.

Arithmetic right shift of a two's complement integer represefitation of x by b binary
digits, where b is a non-negative integer. Bits shifted into/the MSBs as a result of the
right shift have a value equal to the MSB of x prior to théshitt operation.

Arithmetic left shift of a two's complement integer\representation of x by b binary
digits, where b is a non-negative integer. Bits sHifted into the LSBs as a result of the
left shift have a value equal to 0.

jignment operators

Assignment operator

x +=aisdefinedasx=x + a

x —=ais defined as x =x a

x *=ais definedas x=x"a

x *=ais definedas x=x * a

X <<= a is'defined as x = (x << a)

x >>={a j§ defined as x = (x >> a)

ecedence order of operators

listéd ybelow in descending order of precedence. If several operators appear in the same line, th|
ence,» When several operators of equal precedence appear at the same level in an expression, ev

ey have
hluation

proceeds acc

10

1 et} LY £41 + -+ ad L DI £ It L
TUIITE U UIT dSS0UIAUVILY UL UIT UPCTdtUl TIUITT ITUHT TIEHT U TCIT O ITOIIT ITIT 1O TTEII.
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Table 1 — Precedence order of operators

Operators Type of operation Associativity
O, [1,. Expression Left to Right
++, —— Postfix operators Right to Left
-, ! Unary
Multiplication and division Left to Right
* /%, —
Y
+, - Addition and subtraction Left to Right
<<, >> Arithmetic shift Left to Right
<, > <= >= Relational Left to Right
== |= Equality test Left to Right
&, |, Bit-wise operator Lefito Right
&&, || Logical operators Left to Right
7, =, *= 4=, = A= <<= >>= Assignment operators Right to Left

5.2.7

Pseudo
Table 2
bracket
begins

Pseudocode operations

ode is organized into "functions" that are specified in tabular form. A sample pseudocode table if
Pseudocode statements are each expressed as a row ‘of the table. A group of statements encl
"{...}" is a compound statement and is treated¢functionally as a single statement. Each funct
vith a table row specifying the name of the function, the arguments of the function, and containin,

curly bijacket of a compound statement.

Argumg
Two ty]

- ]

4

nts passed to a pseudocode function are listed in parenthesis after the function name, and are comi
es of arguments are used in pseudocode fuinction definitions, as follows:

Non-array variables, which are passed-by value (e.g. valueArgument] in Table 2).

Arrays, which are passed by refefence (e.g. arrayArgument2[ ] in Table 2).

Non-arifay variables that are passed-to a function are addressed within the function using a local variabl

when a
value rd
value o
called.
the valy
comple
within 4

Pseudo

global variable (subclatise 5.5) has been used when calling the function. Since non-array variables
ther than by reference,»any changes made to the value of the local variable within the function do
 the (local or global)variable that was used as a calling argument by the invoking process when the
Bince arrays arepassed to a function by reference rather than by value, any changes made within t}
ies of entri€s-in such an array (specified using a local array name within the function) do pet
ion of thé¢ pseudocode function. Changes made to the values of global variables (subclause 5.5) that
functiemusing the name of the global variable also persist after the completion of the pseudocode fi

odé¢ functions may or may not return a value. When a function returns a value, the value that

presented in
sed in curly
on definition
b the opening

ma delimited.

b name, even
hre passed by
not affect the
function was
e function to
sist after the
are specified
nction.

s returned is

specifi

d by a “TeturIT StateTTeIt that appears as tic 1ast StateIernt 11T te COMmpournd StateTent that specifies

the function,

and the value that is returned is the value of the expression that is specified after the term "return" in the pseudocode
return statement. Functions that do not return a value do not contain a return statement. Table 2 provides an example of a
function definition for a function that returns the value of a variable valueReturn.

Table 2 — Example of a pseudocode table

ExamplePseudocode(valueArgumentl, arrayArgument2] |) { Reference
statement

return valueReturn

© ISO/IEC 2012 — All rights reserved

11


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

The pseudocode convention shown in Table 3 is used to indicate an informative comment.

Table 3 — Example of a pseudocode comment

ExamplePseudocodeComment( ) { Reference
/* this is a comment start and end */

!

The pseudocode convention shown in Table 4 specifies repeated execution of a "condition" checking followed by a
"statement" until the "condition" is no longer TRUE.

Table 4 — Example of a pseudocode while statement

ExamplePseudocodeWhileStatement( ) { Reference
while (condition)
statement
!

The pseudocpde convention shown in Table 5 specifies evaluation of an "initial statenterit" followed by evaluatjon of a
"condition", and when the "condition" is TRUE, it specifies repeated execution of a)*primary statement" followed by a
"subsequent ptatement", and repeating the checking of the condition and the.ex@cution of the primary statenjent and
subsequent sfatement until the checked condition no longer evaluates to the value TRUE.

Table 5 — Example of a pseudocode for statement

ExamplePseudocodeForStatement( ) { Reference
for (initial statement; condition; subsequent staténient)
primary statement

The pseudocde convention shown in Table 6 spgcifies that a "statement" is executed if a "condition" is TRUE, pnd that
an "alternate ptatement" is otherwise performed:

Table 6 — Example of a pseudocode conditional statement

ExamplePseudocodeConditionalStatement( ) { Reference
if (conditign)
statement
else
alternative statement

The pseudocode convention shown in Table 7 specifies the initialization of the values of entries in an array. In this
example, iArr[0] is set equal to 2, iArr[1] is set equal to 4, iArr[2] is set equal to 6, and iArr[3] is set equal to 8.

Table 7 — Example of the initialization of values in an array in pseudocode

ExamplePseudocodeArraylnitalization( ) { Reference
iAr[ ]={2,4, 6, 8}
}

12 © ISO/IEC 2012 — All rights reserved
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5.2.8 Mathematical functions

Ceiling(x)

Floor(x)

Max(a, b)

Ceiling function. Returns the smallest integer that is greater than or equal to the real-

valued argument Xx.

Floor function. Returns the largest integer that is less than or equal to the real-valued

argument X.

Maximum of two arguments as specified in Table 8.

Table 8 — Definition of mathematical function Max( )

Max(a, b) {

Reference

Min(a, b)

Abs(x)

Sign(x)

if (a>=b)

valueReturn = a

else

valueReturn = b

return valueReturn

:

Minimum of two arguments as specified in Table 9.

Table 9 — Definition of mathematical function Min( )

Min(a, b) {

Referepce

if (a <= b)

valueReturn = a

else

valueReturn =b

return valueReturn

;

Absolute value of an argument as specified in Table 10.

Table.}0 — Definition of mathematical function Abs()

Abs(x) {

Refere

nce

if (x 750)

valueReturn = x

else

valueReturn = —x

return valueReturn

}

Sign of an argument as specified in Table 11.

Table 11 — Definition of mathematical function Sign( )

Sign(x) {

Refere

nce

if (x >= 0)

valueReturn = 1

else

valueReturn = —1

return valueReturn

© ISO/IEC 2012 — All rights reserved
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5.3
5.3.1

The syntax t3

Round(x) Rounding to integer value as specified in Table 12.

Table 12 — Definition of mathematical function Round()

Round(x) {

Reference

valueReturn = Sign(x) * Floor(Abs(x) + 0.5)

return valueReturn

:

Clip(x, iLow, Clip integer value to a range lie between integers iLow and iHigh is specified in

iHigh) Table 13.

Table 13 — Definition of mathematical function Clip()

Clip(x, iLow, iHigh) {

Reference

valueReturn = Max(x, iLow)

valueReturn = Min(valueReturn, iHigh)

return valueReturn

Sqrt(x) Square root of x

Nymones(x)  Returns the number of bits in an argument that arg set, for a positive integer argument

that is represented in two's complement arithmetic as specified in Table 14.

Table 14 — Definition of mathematical function Numones( )

Numones(x) {

Reference

valueReturn = 0

while (x 1=0) {

valueReturn += (x'& 1)

X >>=1

}

return valueReturn

Syntax and semarti¢s notation

Mgéthod of specifying syntax in tabular form

also be specified; either directly or indirectly, in other subclauses.

Table 15 listd

bles specify a superset of the syntax of all allowed codestreams. Additional constraints on the syn

an examnle of Fcpnr‘nr\nr‘p used-ta cppr\i‘\c‘y the cynfqv When the name of o cyﬂfqv element qpppq
T ot He—eryoth o

S

ax may

s in the

first column, it specifies that the syntax element is parsed from the codestream and the codestream pointer is advanced to

the next bit position beyond the syntax element in the codestream parsing process.

Subclause 5.3.2 provides an example of how the semantics of a syntax element are specified in this Specification.

The column with the heading "Descriptor" specifies the parsing process of an associated syntax element as follows:

14

i(n): two's complement signed integer using n bits, where the most significant bit is the left-most bit. This
indicates a fixed-length syntax element. The value of n is the size of the syntax element in bits. For example, i(3)
indicates a 3-bit syntax element, and i(iVar) indicates a syntax element of length iVar, where iVar is a variable

computed from the values of other previously parsed syntax elements.

u(n): unsigned integer using n bits, where the most significant bit is the left-most bit. This indicates a fixed-length
syntax element. The value of n is the size of the syntax element in bits. For example, u(3) indicates a 3-bit syntax
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element, and u(iVar) indicates a syntax element of length iVar, where iVar is a variable computed from the values
of other previously parsed syntax elements.

le(n): unsigned integer using n bits in little-endian form, where n is an integer multiple of 8. This indicates a
fixed-length syntax element. The value of n is the size of the syntax element in bits. For example, le(16) indicates
a 16-bit syntax element, and le(iVar) indicates a syntax element of length iVar, where iVar is a variable having a
value that is an integer multiple of 8 that is computed from the values of other previously parsed syntax elements.

e(v): entropy coded syntax element where the most significant bit of the code is the left-most bit. This indicates a
variable-length coded syntax element, and a fixed VLC table is used to parse this syntax element.

ae(v): adaptive entropy coded syntax element where the most significant bit of the code is the left most bit. This
indicates a variable-length coded syntax element, where the VLC table used to parse the syntax element is

elected adantivelyv based on the values of other previously narsed syntax elements
r T I

The col
associat

5.3.2

SYNTA
subclau

5.3.3

The coq
appear
most-si
element
element
element
of the

followii
same ¢
subseqy

Unless
such th

umn with the heading "Reference" provides one or more links to semantics or information about\con
ed syntax element.

Table 15 — Syntax table example

straints on an

HEADER EXAMPLE() { Descriptor Referend

[

/* A statement can be a syntax element or a conditional statement
that specifies the presence and type of syntax element */

/* The conditional statements are expressed in terms of the
pseudocode operations defined in subclause 5.2.7 */

if (condition)

SYNTAX_ELEMENT EXAMPLE u(8) 532

SYNTAX ELEMENT_EXAMPLE semantics

L X ELEMENT EXAMPLE is an example 8-bit-syhtax element having semantics and constraints sp
se, as identified in the "Reference” column of the associated syntax table in subclause 5.3.1.

Syntax functions

estream is formatted as an ordered’s¢quence of bytes. These bytes contain sequences of bits. The sy
within a sequence of bits ingthe order specified in the syntax tables, and for each syntax
bnificant bit of the syntax element representation is the first bit in the sequence of bits that represe
and the least-significant.bit”’of the syntax element representation is the right-most bit. The bits

s shall be extracted frot the bytes that represent them by extracting the most-significant bit of th
from the most-significant bit of the first byte, the next bit of the syntax element from the next less
byte, etc., proceeding through to the least-significant bit of the byte and then the most-signific:
g byte, if thesdbit\pattern for the syntax element is longer than 8, etc. After the bits of the first syntaj
nvention_shall’ be followed, starting at the next bit, for the bits of the next syntax element and
ent syntax_elements.

ptherwise specified, the bytes of the codestream are ordered in the sequence of bytes that forms th
ht\the” conceptually-first byte is placed first in the sequence of bytes, the second byte is placed sec

bcified in this

htax elements
element, the
its the syntax
pf the syntax
e first syntax
ignificant bit
nt bit of the
L element, the
then for the

e codestream
nd, etc. (i.e.,

so-calle

d "network” or "big endian” byte ordering 1s used for the codestream unless otherwise specified).

The syntax functions IS BYTE ALIGNED() and POS SEEK(iLoc) are used in the specification of some syntax
structures. These functions assume the existence of a codestream pointer referring to the position of the next bit to be
read from the codestream by the parsing process. Prior to operation of the parsing process, the codestream pointer refers
to the position of the first bit of the first byte of the codestream.

IS BYTE ALIGNED() is a syntax function specified as follows:

a byte, the return value of IS BYTE ALIGNED( ) is equal to TRUE.

Otherwise, the return value of IS BYTE ALIGNED( ) is equal to FALSE.

© ISO/IEC 2012 — All rights reserved
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POS_SEEK(iLoc) is a syntax function that sets the codestream pointer to position of the first bit of the byte that is iLoc
bytes from the start of the codestream, where iLoc is a non-negative integer argument, and the first byte of the
codestream corresponds to iLoc equal to 0.

5.4

54.1 Va

Formatting conventions

riable and array naming conventions

Global variables are in scope throughout more than one subclause. The extent of the scope of each global variable is
specified in subclause 5.5. The name of a global variable begins with an upper case letter and includes some lower case
letters or numerals, and does not include underscore characters, e.g. as in "ImageWidth". With the exception of image

variables (su

bclause 5.5.1). all other global variables are associated with a specific image plane; therefore, a

separate

instance of e
alpha image |

In the parsin
which set of
referenced af
variables refe

The scope of]
case letters o

Square paref
one-dimensid
arrayExampl

ich global variable exists for the primary image plane and for the alpha image plane (in the caseyWw
lane is present).

b syntax and pseudocode tables of Clause 8, the global variable IsCurrPlaneAlphaFlag is-used to
blobal variables are referenced in the table; if IsCurrPlaneAlphaFlag is equal to FALSE; the”global v
e those of the primary image plane; otherwise (IsCurrPlaneAlphaFlag is equal (fo “TRUE), thg
renced are those of the alpha image plane.

numerals and do not include underscore characters, e.g. iValue.

itheses are used for the indexing of arrays. Arrays can be either)syntax elements or varia

e[ ] is arrayExample[0].

54.2 Da

An instance

like global v
associated w
variable Tab

543 Sy

Syntax elem

544 Sy

Syntax struc
upper case 1
parentheses,
with the pse

545 Na

Mnemonics
Mnemonics
mnemonic ¢

a structure naming conventions

f a data structure is labelled by bold-faced letters. The member variables of a data structure are fq
riables. To reference a member variable of a dataistiicture instance, the data structure instance's

h the member variable with a period ".", e.g. AbslevellndexDCLum.TableIndex indicates that the

Index is part of the data structure instance AbslevellndexDCLum.

tax element naming conventions

nts are labelled by a name in upper,case letters, in which at least one underscore character is include

tax structure naming conventions

re is a term used to refer t07a collection of syntax elements. Syntax structures are identified by a
ters, in which at least.one underscore character is included, followed by a pair of parentheses. Wi
here may be one of more variables. These variables correspond to variables or values that are as
ocode table for this syntax structure when the syntax structure is invoked within another syntax stry

ing conventions for mnemonic constants

re usedsto refer to constant values taken by syntax elements in the parsing and decoding
onstants are in upper case letters without underscores and may include numbers, e.g. YUV4
nstarits that are used are defined in Table 16. The mnemonic constant RESERVED is used to s

here an

indicate
ariables
global

local variables is limited to one subclause. They begin with a lower case letter afid may include sonje upper

bles. A

nal array is referred to as a list. Array indices count from zero! For example, the first elefnent of

rmatted
name is
member

hame in
thin the
ociated
cture.

brocess.
P0. The
pecify a

value that is reserved for future use.
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Table 16 — Defined mnemonic values

Mnemonics

Syntax element and Reference

YUV444,YUV422, YUV420, YONLY, CMYK,
CMYKDIRECT, RGB, RGBE, NCOMPONENT

Table 22 for syntax element OUTPUT_CLR_FMT

YUV444, YUV422, YUV420, YONLY, YUVK,
NCOMPONENT

Table 28 for syntax element INTERNAL CLR FMT

BDIWHITEL, BDS, BD16, BD16S, BD16F, BD32S,
BDS, BD10, BD565, BDIBLACK 1

Table 23 for syntax element OUTPUT BITDEPTH

AP NOFEEXBITS, NOHIGHPASS, DCONTY Table 29 Tor syntax clement BANDS PRESENT
5.4.6 | Naming conventions for numerical values
Integer [numbers are expressed as bit patterns, hexadecimal values, or decimal numbers. Bit patterns and| hexadecimal

values ave both a numerical value and an associated particular length in bits.

Hexade
denote

having

under a|
equal td
HOXH ar
value o
number

cimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of bina
h bit pattern having a length that is an integer multiple of 4. For example,,0x41 represents an eig
only its second most significant bit and its least significant bit equal~to 1. Numerical values that
"Code" heading in tables that are referred to as "code tables" are biCpattern values (specified as a s
0 or 1 in which the left-most bit is considered the most-significant bit). Other numerical values nq
b decimal values. When used in expressions, a hexadecimal, value is interpreted as having a valug
 the corresponding bit pattern evaluated as a binary representation of an unsigned integer (i.e., as th|
formed by prefixing the bit pattern with a sign bit equd) te’ 0 and interpreting the result as a two's

represefitation of an integer value). For example, the hexadeciimal value OxF is equivalent to the 4-bit patterr

interpre
5.4.7
Arrays
functiof

5.5

In subc
value a
by the s

5.5.1
The fol

ted in expressions as being equal to the decimal nufaber 15.

Array dimensions convention

bf height valHeight and width valWidth ar¢*denoted as having dimension valHeightxvalWidth. Foi
| names, the character "x" is used as the-cross symbol. Otherwise, the cross symbol "x" is used in all

Global variables

ause 5.5, bold font formatting’is used to identify each global variables in the subclause it is describe
bplied to global variables persist beyond single pseudocode functions. The scope of that persisteng
ubclause in which theglobal variable is defined.

Image variables

owing global Variables maintain information relevant to the entire image.

Exten

!

dWidth{i]: This variable specifies the extended image width of component i.

Iy notation to
ht-bit pattern
are specified
ring of digits
t prefixed by
equal to the
e value of the
complement
'1111"and is

variable and
other cases.

1. Changes in
e is specified

ExtendedHeight[i]: This variable holds the extended image height of component i.

IndexOffsetTile[n]: This variable specifies the offset of the n-th tile packet from the start of the coded image data in
bytes.

ImagePrimaryli][x][y]: For each specific triple (i, x, y), where 0 <= i < NumComponents (subclause 8.4.11), 0 <= x <
ExtendedWidth[i], 0 <= y < ExtendedHeight[i], the associated variable ImagePrimary[i][x][y] holds the image plane
sample values associated with the component i, located at the sample position indicated by the values x and y, for the
primary image plane.

ImageAlphali][x][y]: For each specific triple (i,X,y), where i = 0, 0 <= x < ExtendedWidth[i], 0 <= y <
ExtendedHeight[i], this variable holds the image plane sample value, at the sample position determined by the values x

and y, for the alpha image plane.

MBHeight: This variable holds the value associated with the number of vertical macroblock partitions.
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MBWidth: This variable holds the value associated with the number of horizontal macroblock partitions.
NumTileCols: This variable holds the value associated with the number of tile partitions in the image horizontally.
NumTileRows: This variable holds the value associated with the number of tile partitions in the image vertically.

TopMBIndexOfTile[i]: This variable holds the value associated with the macroblock index of the top macroblock row
of the i-th tile row.

LeftMBIndexOfTile[j]: This variable holds the value associated with the macroblock index of the left macroblock
column of the j-th tile column.

NumMBInTile[n]: This variable holds the value associated with the number of macroblocks in the n-th tile.

NumBands(TPrimary: This variable holds the value associated with the value ol NumBands (defjned in
subclause 5.9.2) for the primary image plane.

SubsequentBytes: This variable holds the value associated with the number of bytes of subsequent data‘that pre¢ede the
CODED_TIIES( ) (subclause 8.2.2) syntax element and follow the image plane headers and the tiles index table.

5.5.2 Impge plane variables
The following global variables maintain information relevant for all tiles of the current image plane.

IsCurrPlaneAlphaFlag: This variable is equal to TRUE if the current plane that is being parsed or decoded is the alpha
image plane; [otherwise, this variable is equal to FALSE. It is also used to specify whiglt set of image plane variables, tile
variables, and macroblock variables are being referenced.

NumCompohents: This variable holds the value associated with the number of color components presenf in the
codestream for the current image plane. For the primary image plane; its value can be obtained by| calling
DetermineNymComponents( ) (subclause 8.4.11). For the alpha image plane, its value is equal to 1.

NumBands: [This variable holds the value associated with the number of frequency bands present in the codestrgam for
the current inhage plane. Its value can be obtained by calling DetermineNumBands( ) (subclause 8.4.4).

NumLPQPs] This variable holds the value associated with{the number of low pass QP sets. This variable may have a
constant valup over an image plane or it may vary from tilg to tile.

NumHPQPs} This variable holds the value associated with the number of high pass QP sets. This variable may have a
constant valup over an image plane or it may varyyom tile to tile.

MBQPIndeyLP[MBx|[MBy]: (MBx and MBy are defined in subclause 5.5.4) This variable holds the QP index [into the
table of quantization parameters for LP coefficients, corresponding to the macroblock indexed by MBx and MBy. The
same index applies for all color componerits.

MBQPIndexHP[MBx][MBYy]: (MBX and MBy are defined in subclause 5.5.4) This variable holds the QP index|into the
table of quantization parameterS for HP coefficients, corresponding to the macroblock indexed by MBx and MBy. The
same index applies for all coler.components.

MbDCLP[MBx|[MByHi][j]: (MBx and MBy are defined in subclause 5.5.4) When j is equal to 0, this variable holds the
DC transform coefficient for the macroblock indexed by MBx and MBYy, associated with the color component indexed by
i. For non-zefo values of the index j, this variable holds the j-th LP transform coefficient for the macroblock indexed by
MBx and MByy/and associated with the color component indexed by i. The index j ranges from 0 to 15 fpr luma

£ 211 1 £ S d L 4 £ 211 1 £ 4 4+ NZTINZ 4.0.0 A NTINL 4.2.17
COmpOnentS TarrCorotrotpratsana—Ciroma—Componchtsorarr Coror rotmats CXeCpt— Yy o v+ o apnad— Yo v —+.z°Z. In the

YUYV 4:2:0 chroma component case, j ranges from 0 to 3, and in the YUV 4:2:2 chroma component case, j ranges from 0
to 7.

MBBuffer[MBx][MBy][i][j]: (MBx and MBy are defined in subclause 5.5.4) This variable holds the j-th transform
coefficient - associated with the color component i — for the macroblock indexed by MBx and MBy. The index j ranges
from 0 to 255.

The ordering of the 256 transform coefficients in the macroblock is as follows: let iBlkIndex represent the block index of
a 4x4 block of component i in the macroblock, indexed in raster scan order, with iBlkIndex ranging from 0 to 15. Then
the 16 transform coefficients for this block (indexed in raster scan order in the block) are represented by the values of
MBBuffer[ MBx][MBy][i][j], where j ranges from (16*iBlkIndex + 0) to (16*iBlkIndex + 15), inclusive.

MBCBPHP[MBx]|[MBy]][i]: (MBx and MBYy are defined in subclause 5.5.4) This variable holds the coded block status
for the macroblock indexed by MBx and MBy, associated with the color component indexed by i. The association of a bit
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of this variable to the block in the macroblock is specified in subclause 8.7.17.1, and a bit takes the value 1 if the
corresponding block has non-zero HP transform coefficients to be scanned.

PredDCLP[MBx][MBYy][i][jl: (MBx and MBy are defined in subclause 5.5.4) This variable holds the predicted DC and
LP coefficient values, for the macroblock indexed by MBx and MBYy, associated with the color component indexed by i;
the index j ranges from 0 to 6. The predicted DC value corresponds to index 0.

ModelBitsMBHP[MBx][MBYy][i]: (MBx and MBy are defined in subclause 5.5.4) This variable holds the value of the
member variable MBits[i], associated with the data structure ModelHP as defined in subclause 5.5.6, for the macroblock
indexed by MBx and MBy. The index i ranges from 0 to 1. For each macroblock, two values are stored: one value for the
luma component, and one value for the chroma components.

NOTE — The values ModelBitsMBHP[MBx][MBy][i]

are used in the parsing process to communicate the state between the

lane[i][x][y]: This variable holds the sample value associated with the color component i, located“dt the position
indicatdd by the values x and y, where 0 <= i < NumComponents, 0 <= x < ExtendedWidth[i], 0 <= y <
Extend¢dHeight[i], for the current image plane being decoded.

5.5.3 | Tile variables
The following global variables maintain information that is relevant for all macroblocksTifi-the current tile:

TileIndexx: This variable holds the column index of the current tile. The value‘of TileIndexx is in th¢ range 0 <=
TileIndgxx < NumTileCols.

TileIndexy: This variable holds the row index of the current tile. The valuelef TileIndexy is in the range 0 4= TileIndexy
< NumTileRows.

NumMBInCurrentTile: This variable holds the value associated with the number of macroblocks in the cufrent tile.
DCQugntParamli]: This variable holds the DC quantization patameter for the color component i of the curfent tile.

LPQuantParaml[i][j]: This variable holds the LP quantization parameter for the color component i, and th¢ quantization
paramefer index j of the current tile.

HPQu4gntParaml[i][j]: This variable holds the HP quatitization parameter for the color component i and th¢ quantization
parameter index j of the current tile.

5.5.4 | Macroblock variables
The following global variables hold information relevant for a specific macroblock:

MBx: This variable holds the column’ index of the current macroblock, with respect to the block indices agsociated with
the madroblock partition of the image.

MBYy: This variable holds-the'row index of the current macroblock, with respect to the block indices assocjated with the
macroblock partition of theimage.

MBDCMode: This\yariable holds the DC coefficient prediction mode for the current macroblock.
MBLPMode:Jhis variable holds the LP coefficient prediction mode for the current macroblock.

MBHPMode: This variable holds the HP coefficient prediction mode for the current macroblock.

DClInput[i]: This variable holds the DC transform coefficient value for each color component i.
LPInput[i][j]: This variable holds the j-th LP transform coefficient value for each color component i.

HPInputVLC]i][j][k]: This variable holds the most significant bits of the k-th HP transform coefficient value for the j-th
block of the macroblock for each color component i.

HPInputFlex[i][j][k]: This variable holds the least significant bits of the k-th HP transform coefficient value for the j-th
block of the macroblock for each color component i.

IsMBLeftEdgeofTileFlag: This variable indicates whether the current macroblock is along the left edge of the tile. It is
set equal to TRUE if MBx is equal to LeftMBIndexOfTile[ TileIndexx]. Otherwise, it is set equal to FALSE.

IsMBTopEdgeofTileFlag: This variable indicates whether current macroblock is along the top edge of the tile. It is set
equal to TRUE if MBYy is equal to TopMBIndexOfTile[TileIndexy]. Otherwise, it is set equal to FALSE.
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5.5.5 Data structures for adaptive VLC table selection

5.5.5.1 General

Syntax elements which are parsed using adaptive VLC tables are associated with a set of global state variables. The data
structure template AdaptiveVLC is used to associate these variables to their respective syntax element.

AdaptiveVLC data structure template member variables are as follows:

— DiscrimVall: This variable accumulates statistics about the code table choice, used for adaptively switching to
other code tables.

— DiscrimVal2: This is a second variable used to accumulate statistics about the code table choice, used for
adaptively switching to other code tables. When there are more than two code tables for the parsing of a given
syntay element, the associated AdaptiveVLC data structure instance requires two discriminants.

— Tablelndex: The index selecting which code table is used for the current macroblock.

— DeltaTablelndex: The index selecting which Delta Table is used for modifying DiscrimVall; for the| current
macrablock.

— Delta3Tablelndex: The index selecting which Delta Table is used for modifying DiscrimVal2, for the| current
macrgblock.

The collectiye term discriminant is used, when referring to either DiscrimVall or DiscrimVal2; these two member
variables are fjointly referred to as the discriminants associated with a specific AdaptiveVAZC data structure instangde.

Subclauses 5{5.5.2 through 5.5.5.4 define the instances of the AdaptiveVLC datatructure that are used for the parsing of
syntax elemehts associated with DC, LP, and HP transform coefficients.

NOTE - Iffformative remarks related to this subclause are provided in subclause D:9.

5.5.5.2 D( adaptiveVLC data structure instances

AbslevellndDCLum: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax ¢lement,
during parsing of the syntax structure DECODE ABS LEVEL(Y) (Table 50) from within DECODE_DC( ) (Tdble 49),
referring to Juma DC values. The corresponding TableIndeX.chooses between the code tables for the syntax element
ABS LEVEI INDEX, which are specified in subclause 8.7:14.5.

AbslevellndDCChr: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax ¢lement,
during parsing of the syntax structure DECODEABS LEVEL( ) (Table 50) from within DECODE _DC( ) (Tdble 49),
referring to dhroma DC values. The corresponding TableIndex chooses between the code tables for the syntax plement
ABS LEVEI INDEX, which are specified.ifi subclause 8.7.14.5.

DecFirstiInd[.PLum: This data gtructure instance accumulates statistics for the FIRST INDEX syntax element} during
parsing of the syntax structuré DECODE FIRST INDEX() (Table 75) from within DECODE BLOCK() (Tdble 72),
referring to Juma LP valuesi\The corresponding TableIndex chooses between the code tables for the syntax plement
FIRST INDKX, which are.specified in subclause 8.7.18.9.7.

DecIndLPLym0: This'data structure instance accumulates statistics for the INDEX A syntax element, during pqrsing of
the syntax stfuctute DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72), referring to luma LP
values, with [the{local variable iContext (local to the pseudocode table for DECODE 0. The
corresponding—Tabletmdex chooses between the tode tables for the symtax clement 1iND ified in
subclause 8.7.18.9.4.

DecIndLPLum1: This data structure instance accumulates statistics for the INDEX A syntax element, during parsing of
the syntax structure DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72), referring to luma LP
values, with the local variable iContext (local to the pseudocode table for DECODE BLOCK()) equal to 1. The
corresponding TableIndex chooses between the code tables for the syntax element INDEX A, which are specified in
subclause 8.7.18.9.4.

DecFirstindLPChr: This data structure instance accumulates statistics for the FIRST INDEX syntax element, during
parsing of the syntax structure DECODE FIRST INDEX() (Table 75) from within DECODE _BLOCK( ) (Table 72),
referring to chroma LP values. The corresponding TableIndex chooses between the code tables for the syntax element
FIRST INDEX, which are specified in subclause 8.7.18.9.7.
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DecIndLPChr0: This data structure instance accumulates statistics for the INDEX A syntax element, during parsing of
the syntax structure DECODE INDEX( ) (Table 74) from within DECODE BLOCK( ) (Table 72), referring to chroma
LP values, with the local variable iContext (local to the pseudocode table for DECODE _BLOCK( )) equal to 0. The
corresponding TableIndex chooses between the code tables for the syntax element INDEX A, which are specified in
subclause 8.7.18.9.4.

DecIndLPChrl: This data structure instance accumulates statistics for the INDEX A syntax element, during parsing of
the syntax structure DECODE INDEX( ) (Table 74) from within DECODE BLOCK( ) (Table 72), referring to chroma
LP values, with the local variable iContext (local to the pseudocode table for DECODE BLOCK( )) equal to 1. The
corresponding TableIndex chooses between the code tables for the syntax element INDEX A, which are specified in

subclau
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High-pass adaptiveVLC data structure instances

stIndHPLum: This data structure instance accumulates statisti¢s for the FIRST INDEX syntax el
of the syntax structure DECODE FIRST INDEX( ) (Table(75) from within DECODE BLOCK!
b to luma HP values. The TableIndex chooses between/ the’code tables for the syntax element FIJ
re specified in subclause 8.7.18.9.7.
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specified in

ment, during
) (Table 72),
RST INDEX,

ng parsing of
the synfax sttucture DECODE INDEX( ) (Table 74) from within DECODE BLOCK( ) (Table 72), referripg to chroma
HP values, with the local variable 1Context (local to the pseudocode table Tor DECODE_BLOCK()) equal to 0. The
TableIndex chooses between the code tables for the syntax element INDEX A, which are specified in
subclause 8.7.18.9.4.

DecIndHPChr1: This data structure instance accumulates statistics for the INDEX A syntax element, during parsing of
the syntax structure DECODE INDEX( ) (Table 74) from within DECODE BLOCK( ) (Table 72), referring to chroma
HP values, with the local variable iContext (local to the pseudocode table for DECODE BLOCK( )) equal to 1. The
TableIndex chooses between the code tables for the syntax element INDEX A, which are specified in
subclause 8.7.18.9.4.

AbsLevelIndHPO: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax element,
during parsing of the syntax structure DECODE ABS LEVEL() (Table 50) from within DECODE BLOCK()
(Table 72), referring to HP values with iContext (local to the pseudocode table for DECODE BLOCK( )) equal to 0. The
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TableIndex chooses between the code tables for the syntax element ABS LEVEL INDEX, which are specified in
subclause 8.7.14.5.

AbsLevellndHP1: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax element,
during parsing of the syntax structure DECODE ABS LEVEL() (Table 50) from within DECODE BLOCK()
(Table 72), referring to HP values with iContext (local to the pseudocode table for DECODE BLOCK( )) equal to 1. The
Tablelndex chooses between the code tables for the syntax element ABS LEVEL INDEX. This syntax element's code
tables are specified in subclause 8.7.14.5.

DecNumCBPHP: This data structure instance accumulates statistics for the NUM_CBPHP syntax element, during
parsing of the syntax structure MB_CBPHP( ) (subclause 8.7.17.2). The TableIlndex chooses between the code tables for
the syntax element NUM_CBPHP, which are specified in subclause 8.7.17.4.1.

DecNumBIK{CBPHP: This data structure instance accumulates statistics for the NUM_BLKCBPHP syntax; ¢
during parsirlg of the syntax structure MB_CBPHP( ) (subclause 8.7.17.2). The Tablelndex chooses between'A
tables for NUM_BLKCBPHP, which are specified in subclause 8.7.17.4.2.

NOTE — The number of code tables for the NUM BLKCBPHP syntax element is either 5 or 9 depending
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data structure template CBPHPModel is defined as follows:
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RState[i]: This variable maintains the state.

value of coded status (derived from CBPHP) equal to 1.

value of coded status equal to 0.

The following instance of the CBPHPModel data structure is used for the HP band:
CBPHPModelHP: This data structure instance maintains the CBPHP statistics for the HP band.
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5.5.8 Adaptive count CBPLP variables

The following global variables maintain information that is relevant for the parsing of syntax elements associated with
CBPLP:

CountZeroCBPLP: This variable holds the sample value associated with a count the number of times the CBPLP is
equal to zero.

CountMaxCBPLP: This variable holds the sample value associated with a count the number of times the CBPLP is
equal to its maximum (subclause 8.9.3).

5.6 Adaptive VLC deltaDisc tables

The following global variables maintain lists of the appropriate values of deltaDisc when a syntax elenjent is parsed
using a|[VLC having a code table that can be adaptively selected:

AbslevelindexDeltali][j]: This variable holds the value associated with the incremental discriminant valde for the i-th
syntax ¢lement and the j-th code table associated with syntax element ABS LEVEL INDEX (subc¢lause 8.7}14.5).

FirstIndexDeltali][j]: This variable holds the value associated with the incremental discrirhinant value for the i-th syntax
elemen{ and the j-th code table associated with syntax element FIRST INDEX (subclause8.7.18.9.7).

Index1Pelta[i][j]: This variable holds the value associated with the incremental disériminant value for the i-th syntax
elemen{ and the j-th code table associated with syntax element INDEX A (subclause 8.7.18.9.4).

NumCBPHPDelta[i][j]: This variable holds the value associated with th€-ancremental discriminant valug for the i-th
syntax ¢lement and the j-th code table associated with syntax element NYUM» CBPHP (subclause 8.7.17.4.1)

NumBIKkCBPHPDeltal[i][j]: This variable holds the value associated with the incremental discriminant valpie for the i-th
syntax ¢lement and the j-th code table associated with syntax elenient NUM_BLKCBPHP (subclause 8.7.17}4.2).

5.7 Adaptive inverse scanning tables
The following global variables maintain lists of the various coefficient scanning orders and related statistics

LowpagsScanOrder[i]: This variable holds the yalue associated with the location where the i-th lowpgss transform
coefficient is put into a block in the raster scan_order.

HighpassHorScanOrder][i]: This variable*holds the value associated with the location where the i-th highpass transform
coefficipnt is put into a block in the raster'scan order with horizontal scanning.

HighpassVerScanOrder][i]: This variable holds the value associated with the location where the i-th highpass transform
coefficipnt is put into a block inithe raster scan order with vertical scanning.

ScanOxder0[i]: This variabl¢ holds the value associated with the first of two possible initialization v@alues for the
lowpasg and highpass coefficient scans.

ScanOxderl1]i]: This-variable holds the value associated with the second of two possible initialization yalues for the
lowpasg and highpass coefficient scans.

LowpassTotals[i]: This variable holds the value associated with the statistics used to determine how the [lowpass scan
order is|updated.

HighpassHorTotals[i]: This variable holds the value associated with the statistics used to determine how the highpass
horizontal scan order is updated.

HighpassVerTotals[i]: This variable holds the value associated with the statistics used to determine how the highpass
vertical scan order is updated.

ScanTotals[i]: This variable holds the value associated with the initialization of the lists used to determine how the
lowpass and highpass scan order is updated.
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6 Image and codestream structures

6.1 General

In Clause 6, italic font formatting is used to identify all occurrences of terms defined in Clause 3.

6.2 Image planes and component arrays

An image is composed of one or two image planes: a primary image plane, and, when present, an alpha image plane. An
image plane is an ordered set of components. A component is an array of samples. The primary image plane may have
multiple components; NumComponents (subclause 8.4.11) specifies the number of components, with

— 4. =4111 I +las g : I 1 . Tt dadllas 1
1 <= NumCO TIPOTICIITS LT, TOU S pPrifnur y— tnugt Piarnt,; AT L/Ulll,tlullcllt IS~ diT™ ATCIIUCUTTUTH ht[l] X

ExtendedWidth[i] array of samples, where ExtendedWidth[i] and ExtendedHeight[i] specify (respectively) the width and
height of the prray for the i-th component, for the index i, 0 <= i < NumComponents.

For both the primary image plane and the alpha image plane, the component corresponding to the index 1 = 0 is|defined
to be the /uma component of the respective image plane; in the case where NumComponents_ishgreater than 1, the
components ¢f the primary image plane corresponding to non-zero indices are defined to be the chroma compohents of
this image plgne.

The alpha image plane is an image plane that contains exactly one component. The dimensions of this componen} are the
same as thosq of the luma component of the primary image plane.
NOTE — The purpose of an alpha image plane is to indicate a level of blend of the primary image plane with relatign to the
backgrounfl on which the image is being rendered. A common interpretation of the“wlpha image plane is as a multfplicative
processing|(normalized to between 0 and 1) applied to the sample values of the primary image plane. The normalized valpe of the
alpha image plane determines the proportion of the blending. The value, O (indicates full transparency and the njaximum
representalple value indicates full opacity.

ExtendedHeight[0] is referred to as the extended image height. It speeifies the number of rows in the /uma array|that are
processed wjthin the decoding process. Its value is set equal\to HEIGHT MINUS1 + 1 + TOP MARGIN +
BOTTOM_MARGIN.

ExtendedWidth[0] is referred to as the extended image width. It specifies the number of columns in the /uma afray that
are processel within the decoding process. Its value.dis set equal to WIDTH MINUS1 + 1 + LEFT MARGIN +
RIGHT _MARGIN.

The chroma|component array sizes are specified such that ExtendedHeight[i] is equal to ExtendedHeighf[1] and
ExtendedWidth[i] is equal to ExtendedWidth['1]-for all i > 1. The values of ExtendedHeight[1] and ExtendedWidth[1] are
specified in Tlable 17.

Table 17 —Pseudocode to calculate chroma component array sizes

CajculateChromaComponentArraySizes() { Reference

if INTERNAL ‘€LR FMT ==YUV420) {
ExtendedHeight[ 1] = ExtendedHeight[0] / 2
ExterlddedWidth[1] = ExtendedWidth[0] / 2

} else i INTERNAL CLR _FMT ==YUV422) {
ExtendedHeight[ 1] = ExtendedHeight[0]
ExtendedWidth[1] = ExtendedWidth[0] / 2

} else {
ExtendedHeight[ 1] = ExtendedHeight[0]
ExtendedWidth[1] = ExtendedWidth[0]

6.3 Image windowing

Image windowing is specified by four syntax elements: TOP_ MARGIN, BOTTOM_MARGIN, RIGHT MARGIN, and
LEFT _MARGIN. These syntax elements determine the columns and rows of the extended image that are not present in
the output image. With respect to a raster scan ordering in the luma array of an image plane, the first TOP_ MARGIN
rows are not output, nor are the last BOTTOM_MARGIN rows; also, the first LEFT _MARGIN columns are not output,
nor are the last RIGHT MARGIN columns of the luma component. Similarly, the spatially co-located portions of the
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chroma components are not output, in a manner that retains the ratios between the sizes of the arrays for the chroma
components and that of the luma component, as specified in subclause 6.2.

6.4

Image partitioning

The luma component is partitioned horizontally and vertically into an integer number of 16x16 blocks of samples. Label
these blocks arrayLumaMBJj][k], where 0 <= j < (ExtendedWidth[0] / 16) and 0 <= k < (ExtendedHeight[0] / 16) are the
block indices defined by this partitioning. MBHeight is defined to be equal to ExtendedHeight[0] / 16, and MBWidth is

defined

to be equal to ExtendedWidth[0] / 16.

In a similar fashion, the chroma components are partitioned into blocks arrayChromaMB[i][j][k] of size 8x8 for 4:2:0
sampling, of size 16x8 for 4:2:2 sampling, or of size 16x16 in the default case.

This pa|

For eaq
arrayCd
arrayCd

Let 0=
= TopN

increasing sequences of integers, where the sequences are of length NumTil¢Cols + 1 and NumTi

respecti
TopMB
such pal
<=m
MB]ll
TopMB

The i-th
the j-th
defined
TopMB
number
sample
partitio
NOT
imag
lines
expa

titioning of the components into blocks is called a macroblock partition.

h specific pair of indices (j, k), the macroblock arrayMBJj][k] is defined to be thegollecti
mplonentMBJi][j][k], for 0 <= i < NumComponents. Across all components (all v
mponent[i][j][k] and arrayChromaMBJ[i][j][k] are spatially co-located.

LeftMBIndexOfTile[0] < LeftMBIndexOfTile[1] < ... < LeftMBIndexOfTile[NamTileCols] = MB
BIndexOfTile[0] < TopMBIndexOfTile[1] < ... < TopMBIndexOfTile[NumTiteRows] = MB

vely. LeftMBIndexOfTile[ ] is calculated by calling DetermineLeftBotmidaryofTile( ) (subclausg
IndexOfTile[ ] is calculated by calling DetermineTopBoundaryofTile("),(subclause 8.3.26). Associ
ir of sequences, a tile partition may be defined: partition the macroblocks of each into tiles arrayTil
NumTileCols, and 0 <= n < NumTileRows, where arrayTile[m{][n] is defined to be the set of all
(] LeftMBIndexOfTilefm] <= j < LeftMBIndexOfTile[m*1] and TopMBIndexOfTile[n|
IndexOfTile[n+1].

tile column corresponds to the set of all tiles of the form arrayTile[i][n], for 0 <= n < NumTileRo
tile row corresponds to the set of all files arrayTile[m][j], for 0 <= m < NumTileCols. The i-th
to be LeftMBIndexOfTile[i+1] — LeftMBIndexOfTile[i]; likewise, the i-th tile height is d
IndexOfTile[i+1] — TopMBIndexOfTile[i]. Bath the tile width and the tile height correspond

of macroblocks. The codestream specifies atile partition for the image, which impacts the order of
values associated with the image, as-specified in the codestream parsing and decoding proce:
n shall satisfy 1 <= NumTileCols <= 4096, and 1 <= NumTileRows <= 4096.

e plane dimension is indicated by,bold rectangle, (b) output image plane edges on left and bottom is indic
, (c) 2x4 regular tiling pattern.issshown (d) macroblock in tile (1,2) is shown and (e) blocks within macroblod
nded subfigure. Color components are not explicitly shown.

Tiles Internal image

Output image

bn of blocks
hlues of 1),

'Width, and 0
eight be two
eRows + 1,
8.3.25) and
hited with any
e[m][n], for 0
macroblocks
<= k <

ws; similarly,
tile width is
efined to be
fo an integer
he parsing of
ses. The tile

E — Figure 1 provides an informative ‘overview of the image plane partitions and implicit windowing wheile (a) extended

ted by dashed
k are shown in

Macroblock

Figure 1 — Informative overview of Image partitions and internal windowing
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6.5 Transform coefficients and frequency bands

The decoding process includes an inverse transform operation. The transform coefficients associated with each
component and each macroblock are split into three subsets, or frequency bands, which are called the DC coefficient, the
low-pass coefficients, and the high-pass coefficients.

For each color component of the macroblock, one of the following three conditions holds:

— If the component is a luma component or a chroma component with no down sampling, the following is true. The
component contains 256 transform coefficients for each macroblock. These 256 transform coefficients are
partitioned into three subsets. One set is of size 1, and this coefficient constitutes the DC coefficient of this
component. Another set is of size 15; this set constitutes the low-pass coefficients. The third set is of size 240, and
constitutes the high-pass coefficients.

— Ifthe

coeffi

of siz¢ 60, and constitutes the high-pass coefficients.

— Ifthe

of 1 fpr the vertical direction, the following holds true. The component contains 128 transform coeffici

each
coeffi

pass doefficients. The third set is of size 120, and constitutes the high-pass cgefficients.

NOTE 1 -
on the hier]

Transform cdefficients are dynamically partitioned into a VLC-coded partiand a fixed-length coded part. The fixe
coded part of|the DC and low-pass coefficient is called FLC refinement,

The fixed-lenjgth coded part of the high-pass coefficient is called flexbits. Flexbits can be carried in a separate il

as specified i
NOTE 2 -

6.6 Co

A codestrea
codestream 1

NOTE - F
fact that ¢,

shown in Higure 2.

ient of this component. Another set is of size 3; this set constitutes the low-pass coefficients.*The thi

romponent is a chroma component with a sampling rate of % for the horizontal direction and a samp

hacroblock. These 128 transform coefficients are partitioned into three subséts.)One set is of size 1,
tient constitutes the DC coefficient of this component. Another set is of §iZe’ 7; this set constitutes

hrchical nature of the transform.

h subclause 6.6.

This partition of transform coefficients is designed to eontrol the number of bits used to represent the VLC-codd

destream structure

@ is laid out in one of two ordering$_talled the spatial mode and the frequency mode. In both mo
laid out as a header, followed by/la sequence of tile packets.

gure 2 provides an informative-overview of the codestream structure for the spatial mode and the frequency m
s can be out of order, and the fact that there can be codestream segments of unspecified content between the #i

IMG_HDR /' INDEXTBL TILEA1 TILE2 o o os oo oo oo

romponent is a chroma component with a sampling rate of % for both the horizontal and vertical di]lections,
the fgllowing holds true. The component contains 64 transform coefficients for each macroblock>T
transfprm coefficients are partitioned into three subsets. One set is of size 1, and this coefficient constitutes

hese 64
the DC
rd set is

ing rate
ents for
and this
he low-

The partitioning of transform coefficients into three sets, and the use of the-terms DC, low-pass, and high-pasd is based

[-length

b packet

d part.

des, the

bde. The
es is not

MB_1 | MB_2 | MB_3

Spatial mode

DC LOWPASS HIGHPASS FLEXBITS

Frequency mode

Figure 2 — Informative overview of codestream structure. Image header is followed by a sequence of tiles
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In the spatial mode, a single tile packet carries the codestream of each tile in macroblock raster scan order (scanning left
to right, top to bottom). The bits associated with each macroblock are located together.

In the frequency mode, the codestream of each tile is carried in multiple file packets, where each tile packet carries
transform coefficients of one frequency band of that tile. The DC file packet carries information of the DC value of each
macroblock, in raster scan order. The LP tile packet carries information of the LP coefficients value of each macroblock.
The HP tile packet carries information of the VLC-coded part of the HP coefficients of each macroblock. Finally, the
[flexbits tile packet carries information regarding the low order bits of the HP coefficients.

6.7 Precision and word length

This subclause is informative: It is not an integral part of this Specification.

The SCALED FLAG syntax element specifies whether scaling is performed in the output formatting stage. If
SCALHD FLAG is equal to TRUE, the final output is divided by 8 in the output formatting stage and, thug the effective
precisign of the decoding processes such as the inverse transform is higher. If SCALED FLAG is ¢qual to FALSE, there
is no sych division operation on the final output and the effective prevision of the decoding processes ¢f the inverse
transform is lower.

NOTE — Encoding with SCALED FLAG equal to TRUE typically improves rate-distortion performance for lossy cding.

7 Overview of decoder

This clquse is informative: it is not an integral part of this Specification.

7.1 General

A blocld diagram of the decoder, comprising of the parsing proceSs'and decoding process, is shown in Figurd 3.

Parsing\Process

Image layer MB layer and coefficient A?chtit;ct;?eOf
and Tile layer > parsing and Inverse | .
g Parsing Coefficient scanning selection and [———®
Models
( N

Decoding Process

Coefficient Coefficient
Remapping - Prediction

> Dequantization ———»

Sample Reconstruction

nd nd
15 lee) Inverse | 1%t level 1 2" level | 2" level 1: Output
> Inverse Overlap -

ransform Overlap filtering Transform filtering Formatting

Figure 3 — Informative decoding process block diagram

© ISO/IEC 2012 — All rights reserved 27


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

The parsing process consists of the following stages:

1.
2.
3.

Image layer and tile layer codestream parsing

Adaptation of VLC table selection and context models.

The decoding process consists of the following stages:

Coefficient remapping

Coefficient prediction

Macroblock layer codestream parsing which includes parsing the transform coefficients and inverse scanning

4,
5
6.
7 Sar
8. Ou

Clause 8 speq

Clause 9 speq

7.2 Oy

7.2.1  Ov

The image Ig
primary imag
by subclause

The image pl

The tile indg
specified by 3

7.2.2  Ov

The syntax @
compressed d

In spatial mg
parsing of sy

In frequency

Degquantization
18

hple reconstruction, which consists of the following stages:
a. First-level inverse transform

b.  When indicated, a first-level overlap filter

C. Second-level inverse transform

d. When indicated, a second-level overlap filter

put Formatting

ifies the stages in the parsing processes. An overview of these steps@s-provided in subclause 7.2.

erview of parsing process

erview of image layer codestream parsing

vel codestream structure is specified in subclause 8.2. It consists of the image header, the heade
e plane, and, when present, the header of thealpha image plane. The syntax of the image header is s
8.3.

hne header defines information that is=unique to that plane, and its syntax is specified by subclause 8

x table is used to locate the data-that corresponds to a particular tile. The syntax of tile index
ubclause 8.5.

erview of tile layer codestream parsing

f the tile layer is-specified by subclause 8.7. A tile-packet consists of a tile-packet header, follg
ata associated with-macroblocks of the tile.

de, all the compressed data pertinent to a macroblock is located together in a single tile-packet
ntax elements for a spatial-mode tile is specified in subclause 8.7.2.

mode, each tile packet contains the data associated with a particular transform band; in this modg

ifies the stages in the decoding processes. An overview of theseprocesses is provided in subclause 7.

3.

r of the
becified

4.

table is

wed by

and the

, a tile-

packet is clas

sified as a DC tile-packet, a LP tile-packet, a HP tile-packet, or a flexbits tile-packet.

The syntax elements contained in the DC tile-packet, LP tile-packet, HP tile-packet and flexbits tile-packet are specified

in subclauses

8.7.3,8.7.5,8.7.7, and 8.7.9, respectively.

If the quantization parameters associated with each band are not specified at the image plane header; they are specified at

the tile level.

7.2.3

Overview of macroblock layer codestream parsing

The macroblock layer is parsed to generate the coefficients of the different frequency bands. These coefficients are
inverse transformed to reconstruct the macroblock.

Subclause 8.7.11 defines the syntax structure MB_DC( ), which parses the syntax elements related to the DC coefficient,
for each component.
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Subclause 8.7.16.1 defines the syntax structure MB_LP( ), which parses the syntax elements related to the low-pass
coefficients for each component and also performs inverse scanning of the coefficients.

The first step in decoding the HP coefficients involves derivation of CBPHP, which determines which 4x4 blocks of the
macroblock have non-zero coefficients. The CBPHP is parsed as specified by the function MB_CBPHP in
subclause 8.7.17.2. Subclause 8.7.18.2 defines the syntax structure MB HP() which parses the syntax elements for
parsing the VLC part of the HP coefficients, and also performs the inverse scanning of the coefficients. The process of
parsing syntax elements related to Flexbits and thus refine the HP coefficients is specified in subclause 8.7.19.1.

The VLC table used to parse the syntax elements can be adapted based on the value of previously parsed syntax
elements. The adaptation processes for VLC table selection and other context models are also specified in pseudocode in
these subclauses.

7.3
7.3.1

The DQ

7.3.2

The tra

Overview of the decoding process

Overview of coefficient mapping

, LP and HP transform coefficients are remapped, and this remapping process is specified in subclayl

Overview of coefficient prediction

hsform coefficient may be predicted from the coefficients of the neighbouring blocks and macrobl

predictipn process is specified in subclause 9.6.

7.3.3

The de
process

7.3.4

Subclay

Overview of dequantization

luantization process specifies how the transform coefficients @re scaled by the quantizer param
is specified in subclause 9.8. The derivation of the quantizatien parameter is specified in subclause 9

Overview of sample reconstruction

se 9.9 defines the sample reconstruction process.

The inverse transform takes a two-level lapped transform: The steps are as follows:

An inverse core transform (ICT) is applied to each 4x4 block corresponding to reconstructed
oefficients arranged in an array known asthe DC-LP array. The first-level inverse transform proce
n subclause 9.9.2.

An overlap filter operation, whenvindicated, is applied to 4x4 areas evenly straddling blocks in the

For images with soft tiles, this.filter is applied to all such blocks. For images with hard tiles, this fi
nly to the interior of tiles, Further, an overlap filter is applied to boundary 2x4 and 4x2 areas, as wi
Px2 corner areas. For imiages with hard tiles, these filters are additionally applied at tile boundaries. ]
verlap filtering preocess is specified in subclause 9.9.3. For INTERNAL CLR FMT equal to
YUV422, alternate filter operations are applied to the 2x2 interior blocks and 2x1 and 1x2 edge

hroma components. For these cases, a prediction process is used for the corner samp
'OverlapPostPBilter1' in Figure 4 and detailed in Table 154 and Table 155.

[he resulting array contains coefficients of the 4x4 blocks corresponding to the first-level tran
oeffiCients are combined with the reconstructed HP coefficients into a larger array. This coefficien
rrocess is specified in subclause 9.9.4.

ke 9.5.

cks, and this

pter, and this
.

DC and LP
s is specified

DC-LP array.
ter is applied
11 as the four
[he first-level
YUV420 or
blocks of the
les, denoted

sform. These
combination

An ICT 1s applied to each 4X4 block. The second-level inverse transtorm process 1s specitied n subc

ause 9.9.5.

An overlap filter operation, when indicated, is applied to 4x4 areas evenly straddling blocks in the DC-LP array.
For images with soft tiles, this filter is applied to all such blocks. For images with hard tiles, this filter is applied
only to the interior of tiles. Further, an overlap filter is applied to boundary 2x4 and 4x2 areas, as well as the four

2x2 corner areas. For images with hard tiles, these filters are additionally applied at tile boundaries.

level overlap filtering process is specified in subclause 9.9.6.

The flow chart for the sample reconstruction process is shown in Figure 4.
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Figure 4 — Informative overview.of sample reconstruction process

7.3.5  Overview of output formatting

Subclause 9.0 defines the outputting preeéss which accounts for the various transformations required to hapdle the
different colgr formats and bit depths.

8 Syptax, semanticS, and parsing process

8.1 Geperal

This clause specifiesthe codestream layout, and the processes related to parsing syntax elements from the cod¢stream.
The parsing ¢f syntax elements requires information about the order of syntax elements as they occur in the cod¢stream,
along with the manner of correctly interpreting these syntax elements. At a given point in the parsing of the cod¢stream,
the order and presence of syntax elements is conditional upon the state of the decoder itself at that time (based on the
previously parsed and interpreted syntax elements as specified by the pseudocode of this subclause).

This clause also specifies the adaptation processes that are associated with variable-length decoding, and with adaptive
coefficient normalization. These adaptation processes require specific state variables to be maintained by the decoder in
order to properly parse the syntax elements of the codestream. Therefore, the processes of initializing and updating these
state variables are also specified in this clause.

The codestream is comprised of the following layers: image, tile, macroblock and block. Furthermore, the macroblock
and block layers are laid out differently for the spatial and frequency modes of the codestream. The parsing processes of
this subclause are organized by this hierarchy. Below the macroblock level, the parsing processes are further grouped by
frequency band: separate syntax structures specify the decoding of the DC, LP and HP frequency bands.
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8.2.1
The CODED IMAGE( ) syntax structure is specified by Table 18.

Syntax structure

ISO/IEC 29199-2:2012(E)

NOTE - Throughout the parsing of syntax elements, it is assumed that, if ALPHA IMAGE PLANE FLAG is equal to TRUE,
there are two sets of parsed syntax elements: one set corresponding to the primary image plane and used if IsCurrPlaneAlphaFlag
is equal to FALSE, and one set corresponding to the alpha image plane and used if IsCurrPlaneAlphaFlag is equal to TRUE.

Table 18 — CODED_IMAGE( ) syntax structure

CODED IMAGE() { Descriptor Reference
MAGEHEADERO) 83
IsCurrPlaneAlphaFlag = FALSE
IMAGE PLANE HEADER() 8.4
if (ALPHA IMAGE PLANE FLAG) {

IsCurrPlaneAlphaFlag = TRUE

IMAGE PLANE HEADER() 34
}
if INDEX TABLE PRESENT FLAG)

INDEX TABLE TILES() 8.5
SubsequentBytes = VLW ESC() 8.2.4
if (SubsequentBytes > 0) {

iBytes = PROFILE LEVEL INFO() 8.6

valueAdditionalBytes = SubsequentBytes — iBytes

for (iBytes = 0; iBytes < valueAdditionalBytes; iBytes+#)

RESERVED A BYTE u(8) 8.2.3
}
CODED TILES() 8.7

8.2.2 | SubsequentBytes

SubseqyentBytes specifies the number of bytes-of subsequent data that precede the CODED_ TILES( ). Thd
variablg is determined by a VLW _ESC( ) syntax structure as specified in subclause 8.2.4. When Subseque
equal td 0, it is a requirement of codestream conformance that SubsequentBytes shall not be less than 4.

The value of the variable valueAdditionalBytes is derived from the value of SubsequentBytes as shown

structurg table of subclause 8.2.1.

The vaJue of valueAdditignalBytes shall be equal to 0 in codestreams encoded according to this vd
Specifi¢ation. The use of.other values of valueAdditionalBytes is reserved for future specification by ITU
Decodefs shall allow\this variable to have any value and shall use this value to determine the

RESER|VED A BY/E syntax elements that follow.

NOTE - The purpose of the specification for decoders to allow this variable to have any value is to enable the futurg

backward-compatible usage of different values of this variable.

8.23 [ RESERVED A BYTE

value of this
itBytes is not

in the syntax

rsion of this
T | ISO/IEC.
quantity of

definition of a

RESERVED_ A BYTE is an 8-bit syntax element. The use of this syntax element is reserved for future specification by
ITU-T | ISO/IEC. When present, the value of this syntax element shall be ignored by the decoder.

NOTE — The purpose of the specification for decoders to ignore the value of RESERVED A BYTE is to enable the future

definition of a backward-compatible usage of this syntax element.
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824 VLW _ESC()

8.2.4.1 Syntax structure
The VLW_ESC( ) syntax structure is specified by Table 19.

Table 19 — VLW_ESC() syntax structure

VLW ESC() { Descriptor Reference
FIRST BYTE u(8) 8.2.4.2
if (FIRST BYTE < 0xFB) {
SECOND BYTE u(8) 8.24.3

Tvalte=FRSTBYTE+256+SECONDBYTE

} else if (FIRST BYTE == 0xFB) {
FOUR_BYTES u(32) 8.24.4
iValue = FOUR BYTES

} else if (FIRST BYTE == 0xFC) {
EIGHT BYTES u(64) 8.2.445
iValue = EIGHT BYTES

} else /* FIRST BYTE is OxFD, or OxFE, or OxFF */
iValue = 0 /* Escape Mode */

return iValue

8.2.4.2 FIRST BYTE
FIRST BYTE is an 8-bit syntax element that affects the computationof #Value as specified in subclause 8.2.4.1.

8.2.4.3 SECOND BYTE
SECOND_BJTE is an 8-bit syntax element that affects the cothputation of iValue as specified in subclause 8.2.4/1.

8.2.44 FQUR BYTES
FOUR _BYTES is a 32-bit syntax element that affects'the computation of iValue as specified in subclause 8.2.4.1]

8.2.4.5 EIGHT BYTES
EIGHT BYTES is a 64-bit syntax element that affects the computation of iValue as specified in subclause 8.2.4.1[.
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8.3
8.3.1

IMAGE_HEADER()

Syntax structure

The IMAGE HEADER( ) syntax structure is specified by Table 20.

ISO/IEC 29199-2:2012(E)

Table 20 — IMAGE_HEADER( ) syntax structure

IMAGE_HEADER() { Descriptor Reference
GDI_SIGNATURE u(64) 8.3.2
RESERVED B u(4) 8.3.3
HARD TILING FLAG u(l) 8.3.4
KRESERVED C u(d) 8.3.5
TILING FLAG u(l) 8.3.6
FREQUENCY MODE CODESTREAM FLAG u(l) 8.3.7
SPATIAL XFRM_SUBORDINATE u(3) 8.38
INDEX TABLE PRESENT FLAG u(l) 839
OVERLAP MODE u(2) 8.3.10
SHORT HEADER FLAG u(l) 8.3.11
LONG WORD FLAG u(l) 8.3.12
WINDOWING FLAG u(l) 8.3.13
TRIM_FLEXBITS FLAG u(l) 8.3.14
RESERVED D u(l) 8.3.15
RED BLUE NOT SWAPPED FLAG u(l) 8.3.16
PREMULTIPLIED ALPHA FLAG u(l) 8.3.17
ALPHA IMAGE PLANE FLAG u(l) 8.3.18
OUTPUT CLR FMT u(4) 8.3.19
OUTPUT BITDEPTH u(4) 8.3.20
if SHORT HEADER _FLAG) {

WIDTH_MINUSI1 u(16) 8.3.21
HEIGHT MINUSI u(16) 8.3.22
} else {
WIDTH_MINUSI1 u(32) 8.3.21
HEIGHT MINUSI1 u(32) 8.3.22
I
if (TILING _FLAG) {
NUM_VER TILES:MINUSI1 u(12) 8.3.23
NUM_HOR TILBS MINUSI1 u(12) 8.3.24
}
for (n=0; n~<NUM_VER TILES MINUSI; nt++)
if SHORT HEADER _FLAG)
TILE WIDTH IN MBn] u(8) 8.3.25
else
TILE WIDTH IN MBn] u(16) 8.3.25
for (n=0; n <NUM_HOR_TILES MINUSI; n++)
if SHORT HEADER FLAG)
TILE HEIGHT IN MB]Jn] u(8) 8.3.26
else
TILE_HEIGHT IN_MB]n] u(16) 8.3.26
if (WINDOWING FLAG) {
TOP_MARGIN u(6) 8.3.27
LEFT MARGIN u(6) 8.3.28
BOTTOM_ MARGIN u(6) 8.3.29
RIGHT MARGIN u(6) 8.3.30

© ISO/IEC 2012 — All rights reserved
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8.3.2 GDI_SIGNATURE
GDI _SIGNATURE is a 64-bit syntax element that identifies the codestream. It shall
0x574D50484F544F00.

have the wvalue

NOTE — This signature corresponds to "WMPHOTO" using the UTF-8 character set encoding specified in ISO/IEC 10646
Annex D, followed by a byte equal to 0.

8.3.3

RESERVED B

RESERVED B is a 4-bit syntax element that shall be equal to 1 in all codestreams conforming to this version of this

Specification

. All other values are reserved.

NOTE — Alternative values for RESERVED B may be specified in the future as an indication of a codestream that is not

compatiblg
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HARD_TILI
performed ac
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Specification|
value of RES

NOTE - T
backward-

83.6 TII

TILING_FLA
NUM_VER |
elements are

8.3.7 FR
FREQUENC|

If FREQUEN
FREQUENC|

838 SP

SPATIAL X
determined b
applied to thg

The "]
The "]
The "]

nnnnn

—acdth-priordecoderver
[RD_TILING_FLAG

NG FLAG is a 1-bit syntax element. If HARD_ TILING FLAG is equal to TRUE, overlap filterin
ross tile boundaries (hard tiles). Otherwise (HARD TILING FLAG is equal to FALSE),coverlap fil
Foss tile boundaries (soft tiles).

SERVED _C

| C is a 3-bit syntax element that shall be equal to 1 in all codestreams _conforming to this versior
All other values are reserved. Decoders conforming to this version efi\this Specification shall ig}
ERVED C.

he purpose of the specification for decoders to ignore the value of RESERVED C is to enable the future defin
ompatible usage of different values of this syntax element.

LING_FLAG

AG is a 1-bit syntax element. If TILING FLAG)is equal to TRUE, both the syntax ¢
TILES MINUS1 and NUM_HOR TILES MINUSY are present in the codestream. Otherwise, thes
hot present, and the number of tiles is equal to J-

[EQUENCY_MODE CODESTREAM'FLAG
Y MODE CODESTREAM FLAG is a'l-bit syntax element.

Y MODE CODESTREAM_FLAG is equal to TRUE, the codestream is laid out in the frequency m|

ATIAL_XFRM_SUBORDINATE

FRM SUBORDINATE is a 3-bit syntax element that, in the absence of any over-riding indic
y the application or by a file format usage context, indicates a preferred spatial transformation that sk
decoded image; as specified by Table 21 as follows.

FlipHtable column, when equal to 1, indicates a horizontal flip request of the output image.

Flip V" table column, when equal to 1, indicates a vertical flip request of the output image.

g is not
ering is

of this
hore the

tion of a

lements
P syntax

CY _MODE CODESTREAM ELAG is equal to FALSE, the codestream is laid out in the spatial mode. If

bde.

hition as
ould be

RCW" table,eolumn, when equal to 1, indicates a 90 degree clockwise rotation request of the output jmage.

The "

character "P".

the requested transformation, as follows:

FXample™ table column visually 1llusirates the application of the requested transformation to an image of the

The "Fill" table column indicates the location of the [0][0] image sample coordinate position after application of

— "TL" indicates that row O represents the top edge of the image and column O represents the left edge of the
image.

— "BL" indicates that row 0 represents the bottom edge of the image and column O represents the left edge of the
image.

- "TR" indicates that row 0 represents the top edge of the image and column 0 represents the right edge of the
image.
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— "BR" indicates that row 0 represents the bottom edge of the image and column 0 represents the right edge of
the image.

— "RT" indicates that row O represents the right edge of the image and column 0 represents the top edge of the
image.

- "RB" indicates that row 0 represents the right edge of the image and column 0 represents the bottom edge of
the image.

— "LT" indicates that row O represents the left edge of the image and the column 0 represents the top edge of the
image.

— "LB" indicates that row 0 represents the left edge of the image and column 0 represents the bottom edge of the
image.

NOTE — The TIFF 6.0 specification includes an "Orientation" tag with a similar purpose. The TIFF Orientationetag values that
corrgspond to the SPATIAL XFRM_ SUBORDINATE values 0, 1, 2, 3,4, 5, 6,and 7 are 1, 4, 2, 3, 6, 7, 5, and:8, vdspectively.

Table 21 — Interpretation of SPATIAL_XFRM_SUBORDINATE

SPATIAL_XFRM_SUBORDINATE | RCW | FlipH | FlipV | Example Fill
0 0 0 0 P TL
1 0 0 ] b BL
2 0 1 0 q TR
3 0 ] ] d BR
4 1 0 0 - RT
5 ] 0 1 0 RB
6 1 1 0 o LT
7 ] I ] 0. LB

8.3.9 | INDEX TABLE PRESENT FLAG

INDEX| TABLE PRESENT FLAG is a 1-bit syntax element that specifies whether the index table is present in the
codestrgam. If FREQUENCY MODE CODESTREAM FLAG is equal to TRUE, or NUM_VER TILE§ MINUSI is
greater [than 0, or NUM_HOR TILES MINUSI is greater than 0, it is a requirement of codestream conformance that
INDEX| TABLE PRESENT FLAG shall bé equal to TRUE. If INDEX TABLE PRESENT FLAG is eqpal to TRUE,
the index table is present in the cedéstream. Otherwise, the index table is not present in the codestream. See
subclaupe 8.5.

8.3.10| OVERLAP MODE
OVERILAP MODE is a 2-bit syntax element that specifies the overlap processing mode.

When QVERLAP MODE is equal to 0, no overlap filtering is performed. Otherwise, if OVERLAP_MODH is equal to 1,
only th¢ second level overlap filtering is performed. Otherwise, if OVERLAP_MODE is equal to 2, both first level and
second Jevel overlap filtering are performed. The value 3 is reserved.

NOTE # The trade-offs between complexity and compression efficiency related to the different overlap modes are discussed in the
infoymative subclause D.4.

8.3.11 SHORT_HEADER FLAG

SHORT _HEADER FLAG is a 1-bit syntax element that specifies the number of bits required to represent the syntax
elements for the width and the height of the image and the tiles. If SHORT HEADER FLAG is equal to TRUE,
WIDTH_MINUSI and HEIGHT MINUSI are 16-bit syntax elements, and TILE WIDTH IN MB[n], when present,
and TILE HEIGHT IN MB[n], when present, are 8-bit syntax elements. Otherwise, WIDTH MINUS1 and
HEIGHT MINUS1 are 32-bit syntax elements, and TILE WIDTH IN MB[n], when present, and
TILE HEIGHT IN MB[n], when present, are 16-bit syntax elements.
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8.3.12 LONG_WORD _FLAG

LONG_WORD_FLAG is a 1-bit syntax element that specifies the range of values of variables associated with the
decoding process (Clause 9). The constraints imposed by LONG _WORD FLAG equal to FALSE have the following

scope:

The variableq associated with the decoding process specified in Clause 9 shall be constrained as follows:

All values of the global array variable MbDCLP[ ][ ][ ][ ]
All values of the global array variable MBBuffer[ ][ ][ ][ ]
All values of the global array variable PredDCLP[ ][ ][ ][ ]

Values of global array variable ImagePlane[ ][ ][ ] in the sample reconstruction process specified in subclause 9.9.

NOTE 1 — Values of the global array variable ImagePlane[ ][ ][] in the output formatting process specified in
l-:..‘. ‘:“: ‘- :‘:‘ e oPe-0 Re-coh :‘ ":- e an MO A egHd - =

All vallues of local variables used in the sample reconstruction process specified in subclause 9.9 except the index
variablles used to address the elements of arrays.

NQTE 2 - Local variables used in the output formatting process specified in subclause 9.10 are not included in the|scope of
thefconstraints imposed by LONG_WORD_FLAG equal to FALSE.

If LONG_WORD_ FLAG is equal to TRUE, it is a requirement for codestream conférimance to this Specffication
that the range of values of all variables associated with the decoding process, (Clause 9) shall not exdeed the
signed 32-bit range from —2°' range to 2°'~1, inclusive, although the range~ofvalues of these variables may
exceedl the signed 16-bit range from —2"° range to 2°—1, inclusive. Thus all(variables of the decoding pro¢ess can
be st¢red by decoders as 32 bit two's complement integers while ‘producing output conforming|to this
Specification (regardless of the value of LONG_WORD_ FLAG).

Otherfvise (LONG_WORD FLAG is equal to FALSE), it is a requirement for codestream conformancg to this
Specification that the range of values of the specific affected variables listed above shall not exceed th¢ signed
16-bit|range from —2'° range to 2"°—1, inclusive, and that the Yange of values of all intermediate expressions and
other pariables associated with the decoding process for the codestream shall not exceed the signed 32-Hit range
from 2°' range to 2°'—1, inclusive. In this case, it is sufficient for decoders to store the affected variablds of the
decodjng process as 16 bit two's complement integers in order to produce output images conforming to this
Specification.

NOTE 3 —|Decoder implementations need not use two's‘Complement arithmetic using fixed-word-length storage and prgcessing.
However, |n the case where such a representation is“used, 32-bit variable storage and 32-bit arithmetic processing elements are
sufficient tp decode an image, regardless of the valtil® of LONG WORD_FLAG. The LONG_WORD FLAG element car] be used

by the decdder to optimize its resource usage forithe sample reconstruction process.

8.3.13 WINDOWING_FLAG

WINDOWING FLAG is a 1-bit_Syntax element that specifies whether syntax elements specifying wirjdowing
dimensions [(TOP_MARGIN, LEFT MARGIN, BOTTOM MARGIN, and RIGHT MARGIN as specified in
subclauses 8.B.27 through 8.3.30) are present in the codestream. If WINDOWING FLAG is equal to TRUE, thes¢ syntax
elements are|present in the codestream. If WINDOWING FLAG is equal to FALSE, these syntax elements|are not

present in thg codestream.

8.3.14 TRIM _FLEXBITS FLAG

TRIM_FLEXBITS FLAG is a 1-bit syntax element that specifies whether TRIM_FLEXBITS syntax element is| present
in the TILE SPATIAL{) syntax stucture and TILE FLEXBITS{ ) symax structure. 1T TRIM _FLEXBITS FLAG is
equal to TRUE, TRIM_FLEXBITS is present. Otherwise, TRIM_FLEXBITS is not present.

8.3.15 RESERVED D

RESERVED D is a 1-bit syntax element. The value of RESERVED D shall be equal to 0. The value 1 is reserved.
Decoders shall ignore the value of this syntax element.

NOTE — The purpose of the specification for decoders to ignore the value of RESERVED D is to enable the future definition of a
backward-compatible usage of different values of this syntax element.
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RED_BLUE_NOT_SWAPPED_FLAG

RED BLUE NOT _SWAPPED FLAG is a 1-bit syntax element. Its interpretation is specified as follows:

of RED BLUE NOT SWAPPED FLAG affects the operation of the output formatting process.

If OUTPUT CLR FMT is equal to RGB and OUTPUT BITDEPTH is equal to BDS, BD565, or BD10, the value

Otherwise, the value of RED BLUE NOT SWAPPED FLAG shall be equal to 0 in all codestreams conforming

to this version of this Specification. The value 1 is reserved. Decoders conforming to this version of this
Specification shall ignore the value of RED BLUE NOT SWAPPED FLAG in this case.

NOTE - The specification of semantics for RED BLUE NOT SWAPPED FLAG was not included in the original edition of this
Specification. The specification of RED_BLUE NOT_SWAPPED FLAG was added later to address a problem with respect to the

obse
ou

rved behaviour of existing implementations.
PLIT _BITDEPTLEL

In principle, when OUTPUT CLR FMT is equal

16 —eaua

to RGB and
FLAG should

ordii
have

8.3.17

PREMT
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NO1

multfplication by the alpha channel values when performing compositing (as any.n€eessary such multiplicatig

perf

When ]
contain
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When n

ignore the value of this syntax element.

When 3
equal t

decodets shall ignore the value of this syntax element in the IMAGE HEADER( ) of the coded image

1l 4o BDS _BDS65S o+ BD10 _the value 1 for RENY DITIE NQOT SWAPPED
5 5 5 M -

1arily_provide better compression capability than the value 0. However, early proauct im};lemen_tations of'thil
operated in a manner corresponding to the value 0.

PREMULTIPLIED _ALPHA_ FLAG

JLTIPLIED ALPHA FLAG is a 1-bit syntax element that can be used, when an alphaimage plane
that the coded image channels other than the alpha channel are considered to be in pre-multij
to the alpha channel.

E 1 — The designation of an alpha channel as pre-multiplied indicates that the‘decoded sample values

rmed as a pre-processing step prior to encoding).

PREMULTIPLIED ALPHA FLAG is equal to TRUE in the IMAGE HEADER() of the codg
the alpha image plane, the channels other than the alpha channgl are indicated to be in pre-multi
to the alpha channel.

0 alpha image plane is present, PREMULTIPLIED ALPHA FLAG shall be equal to FALSE, and d

n alpha image plane is present as a separate alpha’ image plane, PREMULTIPLIED ALPHA FI
FALSE in the IMAGE HEADER() of the¥coded image that does not contain the alpha imag
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When jan alpha image plane is presentyand PREMULTIPLIED ALPHA FLAG is equal to FALSE in the
IMAGH HEADER( ) of the coded image that contains the alpha image plane, other indicators provided by other means
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cified in the main body of this\Specification should be used to determine whether the channels d
hannel (when present) are considered to be in pre-multiplied form in relation to the alpha channel. W
lane is present and PREMULTIPLIED ALPHA FLAG is equal to FALSE in the IMAGE HEAI
mage that contains the-alpha image plane and such other indicators are not available, it is sugg
interpretation should-be that the channels other than the alpha channel are considered not to be in {
relation to the alpha channel.

E 2 — The spéeification of semantics for PREMULTIPLIED ALPHA_FLAG was not included in the original
ification. (The' specification of PREMULTIPLIED ALPHA FLAG was added later to correct for the
pretation resulting from absence of such an indicator (when no indication is provided by other means outside tl
ix). In the original edition of this Specification, the bit corresponding to PREMULTIPLIED ALPHA FLAG Y
judlto 0 and decoders were required to ignore the value of this bit.
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channels other

than the alpha channel (when present) are considered to be in pre-multiplied form in relation to the alpha channel, and the value of
PREMULTIPLIED ALPHA FLAG is required to be consistent with the PIXEL FORMAT value. When the codestream is
conveyed by some means other than the file format specified in Annex A, some indicator may be available to indicate whether the
channels other than the alpha channel (when present) are considered to be in pre-multiplied form in relation to the alpha channel,
and the value of PREMULTIPLIED ALPHA FLAG should be set to be consistent with any such indicator.

8.3.18 ALPHA IMAGE PLANE FLAG
ALPHA IMAGE PLANE FLAG is a 1-bit syntax element that specifies whether an alpha image plane is present in the

codestream. If ALPHA IMAGE PLANE FLAG is equal to TRUE, an alpha image plane is present.

If

ALPHA IMAGE PLANE FLAG is equal to FALSE, no alpha image plane is present in the codestream.

© ISO/IEC 2012 — All rights reserved

NOTE - If ALPHA IMAGE PLANE FLAG is equal to FALSE, an alpha image plane can be carried as a separate image within a
system or file.
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8.3.19 OUTPUT _CLR_FMT
OUTPUT _CLR_FMT is a 4-bit syntax element that specifies the color format of the output image as specified in

Table 22.
Table 22 - OUTPUT_CLR_FMT
OUTPUT CLR FMT Mnemonic

0 YONLY

1 YUV420

2 YUV422

3 YUV444

a4 CMYK

5 CMYKDIRECT

6 NCOMPONENT

7 RGB

8 RGBE

9-15 RESERVED

If IsCurrPlangAlphaFlag is equal to TRUE, the value of OUTPUT_CLR_FMT shall be equal te 0.

For the case
components:
components

the C, M, Y
RGBE, comp

8.3.20 OU

OUTPUT _BI
output image]
formats, corr
subclause 9.1
value 1 indig
black for the
signed (two's
Half float (1
representatio
where the m
corresponds
representatio

The values of
NOTE - S

where OUTPUT _CLR_FMT is equal to YUV420, YUV422, or YUN444, there are three outp

the component corresponding to index 0 is the Y component, whileythe U and V correspond
and 2, respectively. For CMYK and CMYKDIRECT, components©s1; 2, and 3 correspond respec
and K components. For RGB, components 0, 1 and 2 correspond respectively to R, G, and B,
onents 0, 1, 2, and 3 correspond respectively to the R, G, B, and'E components.

'TPUT_BITDEPTH

as specified in Table 23. BDIWHITE1, BDIBLACKI1, BD8, BD16, BD5 and BD10 are unsigned
psponding to 1, 1, 8, 16, 5 and 10 bits per cofhponent, respectively, having a representation speq
0.8. In BDIWHITEI, a value of 0 indicates the minimum level or black for the specific channel
ates the maximum value for that channel?,Jn BDIBLACKI, a value of 1 indicates the minimum
specific channel and the value 0 indieates the maximum value for that channel. BD16S and BD)
complement) integer formats corresponding to 16 and 32 bits per component, respectively. BD16F
-bit sign, 5-bit exponent and 10-bit mantissa where the most significant bit is the sign bit) h
1 as specified in subclause 9:10:7.3. BD32F is 32-bit float (1-bit sign, 8-bit exponent, and 23 bit 1
ost significant bit is the sign bit) having a representation as specified in subclause 9.10.7.3.
o unsigned integer formats' where the R, G and B components have 5, 6 and 5 bits, respectively, |
1 as specified in subclause 9.10.8.

hibclause 9.1077 provides more details on the representation of these formats.

Table 23 - OUTPUT_BITDEPTH

OUTPUT BITDEPTH and OUTPUT CLR_FMT shall be constrained as specified in subclause 9.1{0.

it color
o color
ively to
and for

TDEPTH is a 4-bit syntax element that specifies the bit depth and corresponding representation of the

integer
ified in
and the
level or
32S are
s 16-bit
aving a
hantissa
BD565
aving a

[=}
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OUTPUT BITDEPTH Mnemonic

U BDIWHITET
1 BDS
2 BD16
3 BD16S
4 BD16F
5 RESERVED
6 BD32S
7 BD32F
8 BD5
9 BDI10
10 BD565

11-14 RESERVED
15 BD1BLACK1
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WIDTH_MINUS1

WIDTH_MINUSI plus 1 is the output image width. If SHORT HEADER FLAG is equal to TRUE, WIDTH_MINUSI
is a 16-bit syntax element. Otherwise, WIDTH_MINUSI is a 32-bit syntax element. When OUTPUT CLR FMT is
equal to YUV420 or YUV422, it is a requirement of codestream conformance to this Specification that the value of
WIDTH_MINUSI + 1 shall be an integer multiple of 2.

It is a requirement of codestream conformance to this Specification that the value of WIDTH MINUS1 + 1 +
LEFT MARGIN + RIGHT MARGIN shall be an integer multiple of 16. When INTERNAL CLR _FMT is equal to
YUV420 or YUV422 and OVERLAP MODE is equal to 2, it is a requirement of codestream conformance to this
Specification that the value of WIDTH MINUSI + 1 + LEFT MARGIN + RIGHT MARGIN shall be greater than or

equal to 32.

NO'] T = 1 R A R—F = % ya Y 7 R P =

width of at least 2 macroblocks due to the adjacent coefﬁ01ent residual process descrlbed in subclause 9.9.3.1.
8.3.22 HEIGHT_MINUSI1
HEIGHT MINUS1 plus 1 is the output image height. If SHORT HEADER FLAG” "is equa
HEIGHT MINUSI1 is a 16-bit syntax element. Otherwise, HEIGHT MINUSI is a 32-bit syntax el
OUTPUT CLR FMT is equal to YUV420, it is a requirement of codestream conformafice to this Specifig
value of HEIGHT MINUSI + 1 shall be an integer multiple of 2.
It is a|requirement of codestream conformance to this Specification that thé¢yalue of HEIGHT MI]
TOP_MARGIN + BOTTOM_MARGIN shall be an integer multiple of 16.
8.3.23| NUM_VER _TILES MINUS1
NUM_VER TILES MINUSI is a 12-bit syntax element that is present when TILING FLAG is equal t
specifigs the number of tiles in a row minus 1. When NUM_VER TILES MINUSI is not present, its ¥
inferred to be equal to 0.

NOTE — "Vertical" indicates that the partitioning of the image corresponding to these tiles runs in the vertical directi
8.3.24| NUM_HOR_TILES_MINUSI1
NUM_HOR TILES MINUSI is a 12-bit syntax element that is present when TILING FLAG is equal t

specifig
inferred
NOT1

8.3.25
TILE \

s the number of tiles in a column minus™M>"When NUM_HOR TILES MINUSI is not present, its
to be equal to 0.

E — "Horizontal" indicates that the partitioning of the image corresponding to these tiles runs in the horizontal d

TILE WIDTH_IN_ MB|n]
VIDTH_IN MBJn] is _a\syntax element that specifies the width (in macroblock units) of the n-th

2 must have a

to TRUE,
ment. When
ation that the

NUST + 1 +

TRUE, and
alue shall be

b TRUE, and
balue shall be

irection.

tile column,

where the 0-th tile columfi™is the left-most tile column in the image, and subsequent tile columns 4re numbered
consecytively, left to right. If SHORT HEADER FLAG is equal to TRUE, TILE WIDTH IN MBJn] is § 8-bit syntax
elemen{. Otherwise, it.is\a 16-bit syntax element.
The widlth of thefight-most tile in macroblock units is derived by subtracting the cumulative width of the previous tiles
from thg width-efthe coded area in macroblock units ExtendedWidth[0] divided by 16.
The pasition of the left boundary of the tile, LeftMBIndexOfTile[], is calculated | by calling
Determinel pffpn11nﬂqr}znw{lp( ) inthe pcpnﬂr\r\nr‘p m-Table 24
Table 24 — Pseudocode to determine the position of the left boundaries of the tiles
DetermineLeftBoundaryofTile( ) { Reference
LeftMBIndexOfTile[0] = 0
for (n=0;n <NUM_VER_TILES MINUSI; n++)
LeftMBIndexOfTile[n+1] = LeftMBIndexOfTile[n] + TILE_ WIDTH_IN_MB[n]

LeftMBIndexOfTilelNUM_VER_TILES_MINUSI1 + 1] = MBWidth
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When INTERNAL CLR FMT is equal to YUV420 or YUV422, OVERLAP MODE is equal to 2, and
HARD TILING FLAG is equal to TRUE, TILE WIDTH IN MBJn] shall be greater than or equal to 2 for all tiles.

When INTERNAL CLR FMT is equal to YUV420 or YUV422, OVERLAP MODE is equal to 2, and
HARD TILING FLAG is equal to TRUE, MBWidth — LeftMBIndexOfTileflNUM_VER_TILES MINUSI1] shall be
greater than or equal to 2.

8.3.26 TILE HEIGHT IN MB|n]

TILE HEIGHT IN MB[n] is a syntax element that specifies the height (in macroblock units) of the n-th tile row, where
the O-th tile row is the top tile row in the image, and subsequent tile rows are numbered consecutively, top to bottom. If
SHORT _HEADER FLAG is equal to TRUE, TILE HEIGHT IN MB|n] is a 8-bit syntax element. Otherwise, it is a 16-
bit syntax element

The height off the bottom tile in macroblock units is derived by subtracting the transmitted heights (plusN)Afom the
height of the poded area in macroblock units ExtendedHeight[0] divided by 16.

The positign of the top boundary of the tile, TopMBIndexOfTile[], 1is calculated by | calling
DetermineTopBoundaryofTile( ) as specified in the pseudocode in Table 25.

Table 25 — Pseudocode to determine the position of the top boundaries ©f the tiles

IDetermineTopBoundaryofTile( ) { Reference
TopMBIndexOfTile[0] =
for (n =0; n <NUM_HOR TILES MINUSI; n++)

TopMBIndexOfTile[n+1] = TopMBIndexOfTile[n] + TILE HEIGHT IN MB|n]
TopMBIndexOfTileflNUM_HOR_TILES MINUSI + 1] = MBHeight

The number pf macroblocks in a tile, NumMBInTile[ ], is calculated by calling DetermineNumMBInTile( ) as specified
in the pseudofode in Table 26.

Table 26 — Pseudocode to determine:the number of macroblocks in each tile

DetermineNumMBInTile( ) { Reference
n=0
for 1=0;i<NUM_HOR_TIEKES MINUSI + 1; i++)
for j =0;j <NUM_VER-TILES MINUSI1 + 1; j++) {
NumMBInTile[n]=
TILE HEIGHT IN MBJi] * TILE WIDTH IN MBJ[j]
n++

8.3.27 TQP_MARGIN

TOP_MARGIN/is a 6 bit syntax element that is present when WINDOWING FLAG is equal to TRUE and spectﬁes the
vertical offsq ] ] led a When
TOP_MARGIN is not present, 1ts Value shall be 1nferred to be equal to 0. When OUTPUT CLR FMT is equal to
YUV420, it is a requirement of codestream conformance to this Specification that the value of TOP_ MARGIN shall be
an integer multiple of 2.

8.3.28 LEFT _MARGIN

LEFT MARGIN is a 6-bit syntax element that is present when WINDOWING FLAG is equal to TRUE, and specifies
the horizontal offset of the left boundary of the output image relative to the left edge of the extended image. When
LEFT MARGIN is not present, its value shall be inferred to be equal to 0. When OUTPUT CLR_FMT is equal to
YUV420 or YUV422, it is a requirement of codestream conformance to this Specification that the value of
LEFT _MARGIN shall be an integer multiple of 2.
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8.3.29 BOTTOM_MARGIN

BOTTOM_MARGIN is a 6-bit syntax element that is present when WINDOWING FLAG is equal to TRUE, and
specifies the vertical offset of the bottom of the output image relative to the bottom edge of the extended image. When
BOTTOM_MARGIN is not present, its value shall be inferred as follows:

- IfHEIGHT MINUSI + 1 is an integer multiple of 16, BOTTOM_MARGIN shall be inferred to be equal to 0.
- Otherwise, BOTTOM_MARGIN shall be inferred to be equal to 16 — (HEIGHT MINUSI1 + 1) % 16).

When OUTPUT _CLR_FMT is equal to YUV420, it is a requirement of codestream conformance to this Specification
that the value of BOTTOM_MARGIN shall be an integer multiple of 2.

8.3.30 _RIGHT MARGIN

RIGHT| MARGIN is a 6-bit syntax element that is present when WINDOWING FLAG is equal to TRUEs|and specifies
the horjzontal offset of the right boundary of the output image relative to the right edge of the extended fimage. When
RIGHT| MARGIN is not present, its value shall be inferred as follows:

- Jf WIDTH_MINUSI + 1 is an integer multiple of 16, RIGHT MARGIN shall be inferredto be equal to 0.
- OQtherwise, RIGHT MARGIN shall be inferred to be equal to 16 — (WIDTH_MINUST + 1) % 16).

When QUTPUT_CLR_FMT is equal to YUV420 or YUV422, it is a requirement-of icodestream conforfance to this
Specifigation that the value of RIGHT MARGIN shall be an integer multiple of 2.

© ISO/IEC 2012 — All rights reserved 41


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

8.4 IMAGE_PLANE HEADER()
8.4.1  Syntax structure
The IMAGE PLANE HEADER( ) syntax structure is specified by Table 27.
Table 27 - IMAGE_PLANE_HEADER( ) syntax structure

IMAGE_PLANE_HEADER() { Descriptor Reference
INTERNAL CLR FMT u(3) 8.4.2
SCALED FLAG u(l) 8.4.3
BANDS PRESENT u(4) 8.4.4

if INTERNAL_CLR_FMT == YUV444 | INTERNAL_CLR_FMT == YUV420 ||
INTHRNAL CLR FMT==YUV422) |
if INTERNAL CLR FMT == YUV420 || INTERNAL CLR FMT == YUV422) {

RESERVED E BIT u(1) 8.4.5

(JHROMA CENTERING X u(3) 8.4.6
} els¢ /* INTERNAL CLR FMT ==YUV444 */

RHESERVED F u(@) 8.4.7
if INTERNAL CLR FMT == YUV420) {

HESERVED G BIT u(l) 8.4.8

(GJHROMA CENTERING Y u(3) 8.4.9
} elsg

RESERVED H u(4) 8.4.10

} else if INTERNAL CLR FMT == NCOMPONENT) {

NUM COMPONENTS MINUSI1 u(4) 8.4.11
if NUM_ COMPONENTS MINUS1 = = 0xF)

NUM COMPONENTS EXTENDED MINUSI16 u(12) 8.4.12
else

RESERVED H u(4) 8.4.10

}
if OUTHUT BITDEPTH ==BD16 || OUTPUT BITDEPTH &~ BD16S | |
OUTPUT BITDEPTH = = BD32S)

SHIHT BITS u(8) 8.4.13
if OUTHUT BITEPTH = = BD32F) {
LEN| MANTISSA u(8) 8.4.14
EXP|BIAS i(8) 8.4.15
}
DC IMAGE PLANE UNIFORM FLAG u(l) 8.4.16
if (DC_IMAGE PLANE UNIFORM, FEAG)
DC QP() 8.4.22
if (BANIDS PRESENT != DCONLY) {
RESERVED 1 BIT u(l) 8.4.17
LP IMAGE PLANE 'WUNIFORM FLAG u(l) 8.4.18
if (L} IMAGE PLANE UNIFORM FLAG) {
NumLPQP{=)1
1[P QP() 8.4.23
}
if (BANDS PRESENT != NOHIGHPASS) {
RESERVED J BIT u(l) 8.4.19
HP IMAGE PLANE UNIFORM FLAG u(l) 8.4.20
if (HP IMAGE PLANE UNIFORM FLAG) {
NumHPQPs = |
HP QP() 8.4.24

}

}
while (IS BYTE ALIGNED())

BYTE ALIGNMENT BIT u(l) 8.4.21
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INTERNAL_CLR_FMT

INTERNAL CLR FMT is a 3-bit syntax element that specifies the internal color format of the coded image as specified
in Table 28. For OUTPUT BITDEPTH of BD16F and BD32F and OUTPUT CLR FMT of RGBE, only YUV444 shall
be used. The values of INTERNAL CLR FMT and OUTPUT CLR FMT shall be constrained as specified in
subclause 9.10.

Table 28 — INTERNAL_CLR_FMT

INTERNAL CLR FMT Mnemonic
YONLY
YUV420

YUV4.ZZ
YUV444
YUVK

RESERVED
NCOMPONENT
RESERVED

N N | WM~

When [$CurrPlaneAlphaFlag is equal to TRUE, the value of INTERNAL CLR FMT shall be equal to 0.

For the

compor
compor

cases where INTERNAL CLR FMT is equal to YUV420, YUV422{ or YUV444, there are three

respectively.

8.4.3

SCALH
SCALH

SCALED_FLAG

perfornfed as specified in subclause 9.10.6.

8.44

BAND{

codestr

BANDS_PRESENT

pamm, as specified in Table 29.

Table 29 - BANDS_PRESENT

internal color

ents: the component corresponding to index 0 is the Y component, and the U and V corresgond to color
ents 1 and 2, respectively. For YUVK, components 0, 1, 2, and-3\correspond to the Y, U, V, and K| components,

D FLAG is a 1-bit syntax element that specifies whether scaling is performed in the output formafting stage. If
D FLAG is equal to FALSE, scaling is not_performed. If SCALED FLAG is equal to TRUE, scaling is

b PRESENT is a 4-bit syntax elenient that indicates whether the various frequency bands are gresent in the

BANDS PRESENT Mnemonic Interpretation
0 ALL All subbands are present
1 NOFLEXBITS Flexbits is not present
2 NOHIGHPASS Flexbits and HP are not present
3 DCONLY Only DC is present
4-15 RESERVED
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The number of bands present in the codestream, NumBands, is specified by calling DetermineNumBands( ), which is
specified by the pseudocode in Table 30. When IsCurrPlaneAlphaFlag is equal to TRUE, it is a requirement of
codestream conformance to this Specification that the value of NumBands shall be less than or equal to the value of

NumBandsOfPrimary.

Table 30 — Pseudocode to determine the number of bands present in the codestream, NumBands

DetermineNumBands() { Reference
if (BANDS PRESENT == ALL)

NumBands = 4
else if (BANDS PRESENT == NOFLEXBITS)

NumBands = 3

84.5 RH

RESERVED|
INTERNAL |

When RESE]

The value of

NOTE-T
of a backw

84.6 CHKH

CHROMA _(
or YUV420.

CHROMA _(
sampling gri

left-most sample of each row of each chroma array of the image is considered to be horizontally positione

position CHH
quarter luma
alignment is

For example
YUV420, ea
pair of luma

else if (BANDS PRESENT == NOHIGHPASS)
NumBands =2

else /* (BANDS PRESENT == DCONLY) */
NumBands = 1

if (IsCurrPlaneAlphaFlag = = FALSE)
NumBandsOfPrimary = NumBands

SERVED _E_BIT

|E BIT is a 1-bit syntax element and is present when INTERNAL CLR FMT is equal to YUY
CLR_FMT is equal to YUV420.

RVED E BIT is present, its value shall be equal to 0. The&alue 1 for RESERVED E BIT is reserv

RESERVED E BIT shall be ignored by decoders.

he purpose of the specification for decoders to ignore the*value of RESERVED_E BIT is to enable the future d
ard-compatible usage of different values of this syntax ‘€lement.

[ROMA_CENTERING_X

ENTERING X is a 3-bit syntax element. It is present when INTERNAL CLR FMT is equal to Y
When CHROMA CENTERING X:is’not present, its value should be inferred to be equal to 0.

ENTERING X indicates the positioning alignment of the chroma sampling grid with respect to t
1. When present and in the range of 0 to 4, inclusive, CHROMA CENTERING X indicates

ROMA CENTERINGSX with respect to the left-most sample of each row of the luma array, in
sample positions. When present and equal to 7, CHROMA CENTERING X indicates that the pos
inknown or unspeeified.

when CHROMA CENTERING X is equal to 0 and INTERNAL CLR FMT is equal to YUY
h chroma sample is considered to be horizontally located at the same position as the left-most sam
amples:

/422 or

d.

efinition

uv422

he luma
that the
l at the
units of
itioning

/422 or
ple of a

The value of

CHROMA CENTERING X shall be equal to 0, 1, 2, 3, 4, or 7. The values 5 and 6 are reserved. D

ecoders

conforming to this version of this Specification should treat the values 5 and 6 as equivalent to the value 7.

NOTE — CHROMA_CENTERING_X is useful to aid in performing appropriate upsampling conversion from 4:2:0 or 4:2:2 to
4:4:4. However, the use of CHROMA_ CENTERING X is not required for decoder conformance to this Specification, as the
manner of performing such an upsampling process is outside the scope of this Specification.

8.4.7

RESERVED F

RESERVED F is a 4-bit syntax element that is present when INTERNAL CLR FMT is equal to YUV444.

When RESERVED F is present, its value shall be equal to 0. Decoders shall ignore the value of this syntax element.

NOTE — The specification for decoders to ignore the value of RESERVED F is to enable the future definition of a
backward-compatible usage of different values of this syntax element.
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8.4.8 RESERVED G BIT
RESERVED G BIT is a 1-bit syntax element that is present when INTERNAL CLR _FMT is equal to YUV420.
When RESERVED G _BIT is present, its value shall be equal to 0. The value 1 for RESERVED G _BIT is reserved.

Decoders shall ignore the value of RESERVED G BIT.

NOTE - The specification for decoders to ignore the value of RESERVED G BIT is to enable the future definition of a
backward-compatible usage of different values of this syntax element.

84.9 CHROMA_CENTERING_Y

CHROMA CENTERING Y is a 3-bit syntax element. It is present when INTERNAL CLR FMT is equal to YUV420.
When RO NFERHENG tsnotpresentits—vatteshoutdbe-mferred-tobeequat-to-6-

CHROMA CENTERING Y indicates the positioning alignment of the chroma sampling grid with respedt to the luma
samplirlg grid. When present and in the range of 0 to 4, inclusive, CHROMA CENTERING(Y-indigates that the
top-mogt sample of each column of each chroma array of the image is considered to be vertically posftioned at the
positio CHROMA CENTERING Y with respect to the top-most sample of each column of the luma arrgy, in units of
quarter [luma sample positions. When present and equal to 7, CHROMA CENTERING Y. indicates that the positioning
alignmgnt is unknown or unspecified.

For example, when CHROMA CENTERING Y is equal to 0 and INTERNAL CLR FMT is equal to Y|UV420, each
chromalsample is considered to be vertically located at the same position as the uppet sample of a pair of luna samples.

The valne of CHROMA CENTERING Y shall be equal to 0, 1, 2, 3, 4, or/7.-Fhe values 5 and 6 are reseryed. Decoders
conformhing to this version of this Specification should treat the values 5 and.6 as equivalent to the value 7.

NOTE - CHROMA_ CENTERING Y is useful to aid in performing apprepriate upsampling conversion from 4:P:0 to 4:2:2 or
4:4:4. However, the use of CHROMA_CENTERING Y is not required for decoder conformance to this Specification, as the
manfer of performing such an upsampling process is outside the scope.of this Specification.

8.4.10| RESERVED_H

RESER|VED H is a 4-bit syntax element that is preseht when INTERNAL CLR FMT is equal to one|of YUV444,
YUV422, or NCOMPONENT.

When RESERVED H is present, its value shall:be’equal to 0. Decoders shall ignore the value of this syntax|element.

NOTE — The specification for decoders to-ignore the value of RESERVED H is to enable the future definition of a
backiward-compatible usage of different valtui€s of this syntax element.

8.4.11| NUM_COMPONENTS-MINUS1

NUM_COMPONENTS MINUSI .is a 4-bit syntax element that is present when INTERNAL CLR FM[ is equal to
NCOMPONENT.

The number of components) NumComponents, is specified in pseudocode in Table 31.

8.4.12| NUM_COMPONENTS_EXTENDED MINUS16
NUM_COMPONENTS EXTENDED MINUS16 is a 12-bit syntax element that is prgsent when

NUM_COMPONENTS MINUSI is equal to OxF.
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The number of components, NumComponents, is specified in pseudocode in Table 31.

Table 31 — Pseudocode to determine the number of components present in the codestream

DetermineNumComponents( ) { Reference
if INTERNAL CLR FMT ==NCOMPONENT)
if (NUM_COMPONENTS MINUSI1 == 0xF)
NumComponents =
NUM COMPONENTS EXTENDED MINUS16 + 16

else
NumComponents = NUM_COMPONENTS MINUSI + 1
else if INTERNAL CLR FMT==YONLY)

8.4.13 SH

SHIFT BITS
BD32S. SH
subclause 9.1

8.4.14 LE

LEN_MANT]
the number
subclause 9.1

8.4.15 EX

EXP BIAS i
specifies the

8.4.16 D(

DC IMAGE]
DC band for
to TRUE, a |
this QP set i
value specifig
of each tile m

NumComponents = 1

else if INTERNAL CLR_FMT ==YUV420 | |
INTERNAL _CLR FMT ==YUV422 ||
INTERNAL CLR FMT ==YUV444)
NumComponents = 3

else if INTERNAL_CLR_FMT == YUVK)
NumComponents = 4

IFT_BITS

is an 8-bit syntax element that is present when OUTPUT BITDEPTH is equal to BD16, BD
FT BITS is used to left-shift the sample values in the output formatting stage as spec
0.7.

N_MANTISSA

[SSA is an 8-bit syntax element that is present when OUTPUT BITDEPTH is equal to BD32F. It s
bf mantissa bits that are specified by the integer representation of floating point data as sped
0.7 prior to output conversion processing.

P_BIAS

s an 8-bit syntax element that is-present when OUTPUT BITDEPTH is equal to BD32F. This
bias of the exponent in the representation of floating point data as specified in subclause 9.10.7.

IMAGE_PLANE _UNIFORM_FLAG

| PLANE UNIFORM JFLAG is a 1-bit syntax element that specifies whether a single QP set is useq
b1l the macroblocks/in the corresponding image plane. If DC IMAGE PLANE UNIFORM FLAG
ngle QP set iswused for the DC band of all tiles in the image (and hence for all macroblocks of all til
present in the image plane header. In this case, the DC QP set used for all tiles shall be set equ:
d in theximage plane header. If DC IMAGE PLANE UNIFORM FLAG is equal to FALSE, the [
ay use a-different QP set, and these QP sets are specified in the tile headers.

16S, or
fied in

pecifies
ified in

Element

for the
is equal
es), and
1 to the
C band

8.4.17

SERVED | BIT

RESERVED 1 BIT is a 1-bit syntax element. It is a requirement of codestream conformance to this Specification that
the value of RESERVED 1 BIT shall be equal to FALSE. Decoders shall ignore (remove from the codestream and
discard) the value of RESERVED 1 BIT.

NOTE - The purpose of the specification for decoders to ignore the value of RESERVED I BIT is to enable the future definition

of a backw

46

ard-compatible usage of different values of this syntax element.
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8.4.18 LP_IMAGE_PLANE_UNIFORM_FLAG

LP IMAGE PLANE UNIFORM FLAG is a 1-bit syntax element that specifies whether a single QP set is used for the
LP band. If LP IMAGE PLANE UNIFORM FLAG is equal to TRUE, a single QP set is used for the LP band of all
tiles in the image (and hence for all macroblocks of all tiles), and this QP set is specified in the image plane header. In
this case, the LP QP set for all tiles shall be set equal to the corresponding values specified in the image plane header. If
LP IMAGE PLANE UNIFORM FLAG is equal to FALSE, the LP band of each tile may use a different QP set, and
these QP sets are specified in the tile header.

8.4.19 RESERVED J BIT

RESERVED J BIT is a 1-bit syntax element. It is a requlrement of codestream conformance to this Spemﬁcatlon that
the valye h e 3 m-the codestream and
discard the value of RESERVED J BIT

NOTE - The purpose of the specification for decoders to ignore the value of RESERVED J BIT is to enable‘the fiiture definition
of a packward-compatible usage of different values of this syntax element.

8.4.20| HP_IMAGE_PLANE_UNIFORM_FLAG

HP IMAGE PLANE UNIFORM FLAG is a 1-bit syntax element that specifies whethema'single QP set if used for the
HP banfl. If HP_ IMAGE PLANE UNIFORM FLAG is equal to TRUE, a single QP set shall be used for te HP band of
all tiles|in the image (and hence for all macroblocks of all tiles), and this QP set isspe¢ified in the image plane header. In
this cage, the HP QP set for all tiles shall be set equal to the values specified in the image plafe header. If
HP IMAGE PLANE UNIFORM FLAG is equal to FALSE, multiple QP _sets'may be used for the HP Bands of each
color cqmponent in each tile, and these QP sets are specified in the tile headefs.

8.4.21| BYTE _ALIGNMENT_BIT

BYTE |JALIGNMENT BIT is a 1-bit syntax element. When it-ig\present, its value shall be equal to 0. Tlhe value 1 is
reservedl.

8.4.22| DC_QP()

8.4.22.]1 Syntax structure
The D{_QP( ) syntax structure is specified by Table 32.

Table 32 — DC_QP( ) syntax structure

DC QP() { Descriptor Reference
if NumComponents != 1)
COMPONENT MODE u(2) 8.4.22.2
if (COMPONENT MODE == UNIFORM)
DC QUANT u(8) 8.4.22.3
¢lse if (COMPONENT MODE == SEPARATE) {
DC QUANT LUMA u(8) 8.4.22.4
DC QUANT CHROMA u(8) 8.4.22.5
} else if (COMPONENT MODE ==
INDEPENDENT)
for (1= 0; i < NumComponents; i++)
DC QUANT CHJi] u(8) 8.4.22.6
}

NOTE — This function, DC_QP(), is called from two locations: IMAGE_PLANE HEADER or TILE HEADER DC. Care should
be taken to use the correct value of DC_QUANT_CHJ ] when quantization parameters vary on a per tile basis.

8.4.22.2 COMPONENT_MODE

COMPONENT_ MODE is a 2-bit syntax element that is present if NumComponents > 1, and specifies whether the color
components use or do not use the same QP set across components as specified in subclauses 8.4.22, 8.4.23 and 8.4.24. If
NumComponents = = 1, the value of COMPONENT MODE is inferred to be UNIFORM.
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Table 33 - COMPONENT_MODE

Value COMPONENT MODE
0 UNIFORM
1 SEPARATE
2 INDEPENDENT
3 RESERVED
QUANT

DC_QUANT is an 8-bit syntax element that is present if COMPONENT MODE is equal to UNIFORM. In this case, the
value of the DC QP for all the color components shall be set to DC_QUANT.

8.4.22.4 D(

DC_QUANT| LUMA is an 8-bit syntax element that is present if COMPONENT_ MODE is equal to SERARATH

QUANT_LUMA

case, the valye of the DC QP for the luma component shall be set to DC_ QUANT LUMA.

8.4.22.5 D(C

DC QUANT| CHROMA is an 8-bit syntax element that is present if COMPONENT MODE)is-equal to SEPAR|
this case, the[value of the DC QP for the chroma components shall be set to DC_QUANT(CHROMA.

8.4.22.6 D(

DC_QUANT| CH[i] is an 8-bit syntax element that is present if COMPONENT\ MODE is equal to INDEPEND
this case, the[value of the DC QP for the i-th color component shall be set to DC. QUANT _CH]Ji].

QUANT_CHROMA

_QUANT _CHIji]

8.4.23 LP QP()

8.4.23.1 Syntax structure

The LP_QP(

syntax structure is specified by Table 34.

Table 34 —LLP_QP() syntax structure

. In this

ATE. In

ENT. In

LP QPO { Descriptor Reference
fpr (q =0; ¢ < NumLPQPs; g++) {

if NumComponents != 1)

COMPONENT MQDE u(2) 8.4.22.2
if (COMPONENT MODE == UNIFORM)

LP QUANTq] u(8) 8.4.23.2
else if (COMRONENT MODE == SEPARATE) {

LP QUANT LUMAJq] u(8) 8.4.23.3

LP QUANT CHROMA[q] u(8) 8.4.23.4
} else if(COMPONENT MODE = = INDEPENDENT)

for (i = 0; i < NumComponents; i++)

LP QUANT CHJi][q] u(8) 8.4.23.5

f~=

NOTE - This function, LP_QP(), is called from two locations: IMAGE PLANE HEADER or TILE HEADER LOWPASS.
Care should be taken to use the correct value of LP. QUANT CH]J ][ ] when quantization parameters vary on a per tile basis.

8.4.23.2 LP

_QUANT]q]

LP QUANTI[q] is an 8-bit syntax element that is present if COMPONENT MODE is equal to UNIFORM. In this case,
the value of the g-th LP QP for all the color components shall be set to LP. QUANT[(q].
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8.4.23.3 LP_QUANT _LUMA|(q]

LP_ QUANT_LUMA[q] is an 8-bit syntax element that is present if COMPONENT MODE is equal to SEPARATE. In
this case, the value of the q-th LP QP for the luma component shall be set to LP. QUANT LUMA[q].

8.4.23.4 LP_ QUANT CHROMA|q]

LP QUANT CHROMA[q] is an 8-bit syntax element that is present if COMPONENT MODE is equal to SEPARATE.
In this case, the value of the g-th LP QP for the chroma components shall be set to LP. QUANT CHROMA[q].

8.4.23.5 LP_QUANT_CHJi][q]

LP_QUANT _CH]Ji][q] is an 8-bit syntax element that is present if COMPONENT_ MODE is equal to INDEPENDENT.
In this dase, the value of the q-th LP QP for the i-th color component shall be set to LP_ QUANT _CH]Ji][q].

8.4.24| HP_QP()

8.4.24.]1 Syntax structure
The HP| QP( ) syntax structure is specified by Table 35.

Table 35 — HP_QP( ) syntax structure

HP QP() { Descriptor Referend
for (q = 0; ¢ < NumHPQPs; q++) {
if NumComponents != 1)

[

COMPONENT MODE u(2) 8.4.222
if (COMPONENT MODE = = UNIFORM)

HP QUANTI[q] u(8) 8.4.24.2
else if (COMPONENT MODE = = SEPARATE) {

HP QUANT LUMA[q] u(8) 8.4.24.3

HP QUANT CHROMA[q] u(8) 8.4.24.4

} else if(COMPONENT MODE = = INDEPENDENT)
for (i = 0; i < NumComponents; i++)
HP QUANT CHJi][q] u(8) 8.4.24.5

H

NOTE - This function, HP_QP(), is;called from two locations: IMAGE PLANE HEADER or TILE HEADER HIGHPASS.
Carg should be taken to use the corfect value of HP. QUANT_CHJ ][ | when quantization parameters vary on a per tfle basis.

8.4.24.2 HP_QUANT]|q]

HP QUANT[q] is an 8-bjit syntax element that is present if COMPONENT MODE is equal to UNIFORM| In this case,
the valye of the g-th HR\QP for all the color components shall be set to HP. QUANT][q].

8.4.24.83 HP_QUANT_LUMA|q]

HP_QUANT LUMAIq] is an 8-bit syntax element that is present if COMPONENT_ MODE is equal to SHPARATE. In
this casg, the-value of the q-th HP QP for the luma component shall be set to HP. QUANT LUMA[q].

8.4.24.4 HP_QUANT CHROMA|q]

HP QUANT CHROMA[q] is an 8-bit syntax element that is present if COMPONENT MODE is equal to SEPARATE.
In this case, the value of the gq-th HP QP for the chroma components shall be set to HP. QUANT CHROMA[(q].

8.4.24.5 HP_QUANT_CH]i][q]

HP_QUANT _CH]Ji][q] is an 8-bit syntax element that is present if COMPONENT MODE is equal to INDEPENDENT.
In this case, the value of the q-th HP QP for the i-th color component shall be set to HP. QUANT CH][i][q].
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8.5
8.5.1

INDEX_TABLE_TILES()

Syntax structure

The INDEX TABLE TILES( ) syntax structure is specified by Table 36.

Table 36 — INDEX TABLE_TILES() syntax structure

INDEX TABLE TILES() { Descriptor Reference
if FREQUENCY MODE CODESTREAM FLAG == FALSE)
valueNumIndexTableEntries = (NUM_HOR_TILES MINUSI + 1) *
(NUM_VER TILES MINUSI +1)
clsp A FREQUENCY—MOBE-COBESTREAMFEAG—TRUE
valueNumIndexTableEntries = (NUM_HOR_TILES MINUSI + 1) *
(NUM_VER TILES MINUSI + 1) * NumBandsOfPrimary
INDEX TABLE STARTCODE u(16) 8.5.2
for](n = 0; n < valueNumIndexTableEntries; n++)
IndexOffsetTile[n] = VLW _ESC() 8.5.3
h

852 IN

INDEX TAH
This element

8.5.3

IndexOffsetT]
value of this

The ordering
ordered in Io
entries are of
left-to-right fi

For spatial npode codestreams, only one Index@ffsetTile is sent per tile. For images with missing sub-bands

when BAND|
An example
BANDS PRI
offset elemen

pD

When the nui

IndexOffsetTile[n]

DEX TABLE_STARTCODE

LE STARTCODE is a 16-bit syntax element which indicates thetart of the INDEX TABLE T
shall have the value 0x0001. Other values of INDEX TABLE STARTCODE are reserved.

ile[n] is a variable that specifies the offset of the n-th tile¢packet from the start of the coded image d|
bariable is determined by a VLW _ESC() syntax structure.

of this information is as follows: Index offset glements corresponding to each tile shall be conse]
w-to-high order of the frequency, i.e. DC followed by low-pass, high-pass, and flexbits. IndexO1
dered in the raster scan order of the respective tiles, i.e. left-to-right for the top row of the tile, foll
br the next row, and so on through the bottem row of the tile.

S PRESENT is not equal to ALL); Index Offset elements are sent only for the sub-bands that are
of this syntax element for.an\image with four spatial tiles and two frequency bands (DC and
ESENT is equal to NOHIGHPASS) is specified below. Here, pDCTile[n] and pLPTile[n] are th
ts of the DC and LP bands of tile n:

CTile[0] pLPTile[0]\pDCTile[1] pLPTile[1] pDCTile[2] pLPTile[2] pDCTile[3] pLPTile[3]

nber of tile packets is 1, the index offset of the only packet is 0.

LES().

hta. The

Cutively
fsetTile
wed by

such as
present.
LP, i.c.
e index
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PROFILE_LEVEL_INFO()

Syntax structure

The PROFILE LEVEL INFO( ) syntax structure is specified by Table 37.

Table 37 — PROFILE_LEVEL_INFO( ) syntax structure

PROFILE LEVEL INFO() { Descriptor Reference

numBytes = 0

for (iLast = 0; iLast == 0; iLast = LAST FLAG) {
PROFILE IDC u(8) 8.6.2
TEVEETIDC (S) 876"
RESERVED L u(15) 8.6.4
LAST FLAG u(l) 8.6.5
numBytes +=4

}

return numBytes

8.6.2

PROFII
indicatg

8.6.3

LEVEL
indicatd

8.6.4

RESER
are resej
NO1
back

No par
PROFII

8.6.5

LAST
and RH
structur

PROFILE_IDC

LE IDC (when present) is an 8-bit syntax element. When present, te-yalues of PROFILE IDC and
a set of profile and level constraints as specified in Annex B.

LEVEL_IDC

| IDC (when present) is an 8-bit syntax element. Whenpresent, the values of PROFILE IDC and
a set of profile and level constraints as specified in. Annex B.

RESERVED L

VED L is a 15-bit syntax element. When present, the value of RESERVED L shall be equal to 0.
rved. Decoders shall ignore the value ofithiis syntax element.

E — The purpose of the specification forcdecoders to ignore the value of RESERVED L is to enable the futurg
ward-compatible usage of different yalues of this syntax element.

icular combination of PROFILE IDC, LEVEL IDC, and RESERVED L shall appear more thaj
LE LEVEL INFO( ) syntaxstructure.

LAST_FLAG
FLAG (when present) is a 1-bit syntax element. It indicates whether the preceding PROFILE IDC, }

b
c.

LEVEL IDC

LEVEL IDC

Other values

definition of a

W once in the

LEVEL IDC,

SERVED L. Ssyntax elements are the last such syntax elements in the PROFILE LEVEL INFO() syntax

© ISO/IEC 2012 — All rights reserved

51


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

8.7
8.7.1

CODED TILES()

Syntax structure

The CODED TILES( ) syntax structure is specified by Table 38.

Table 38 — CODED_TILES( ) syntax structure

CODED TILES() {

Descriptor

Reference

if FREQUENCY MODE CODESTREAM FLAG ==FALSE)

for (n=0; n < (NUM_HOR_TILES MINUSI + 1) *
(NUM VER TILES MINUSI + 1); nt+) {

AL ALTR T ol AL AART el
INUITHVIDTITCUITCIITTTIC ™ INUITNVIDTIT TTICTIT

POS SEEK(IndexOffsetTile[n])

TILE SPATIAL()

8.72

}

—
17

els¢ { /* FREQUENCY MODE CODESTREAM FLAG ==TRUE */

for (n=0; n < (NUM_HOR_TILES_MINUSI + 1) *
(NUM_VER TILES MINUSI + 1); n++) {

NumMBInCurrentTile = NumMBInTile[n]

POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary])

TILE DC()

8.7.3

}

if NumBandsOfPrimary > 1)

for (n=0; n < (NUM_HOR_TILES_MINUSI + 1) *
(NUM VER TILES MINUSI + 1); nt+) {

NumMBInCurrentTile = NumMBInTile[n]

POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary < 1))

TILE LOWPASS()

8.7.5

!

if (NumBandsOfPrimary > 2)

for (n=0; n < (NUM_HOR_TILES _MINUSI1 4-[)*
(NUM_VER TILES MINUSI + 1); n+4)%

NumMBInCurrentTile = NumMBInTilefn]

POS SEEK(IndexOffsetTile[n * NumiBandsOfPrimary + 2])

TILE HIGHPASS()

8.7.7

}

if (NumBandsOfPrimary > 3)

for (n=0; n < (NUM_HOR TILES_MINUSI + 1) *
(NUM_VER TILES MINUSI + 1); nt+) {

NumMBInCurrentTile = NumMBInTile[n]

POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 3])

TILE FLEXBITS()

8.7.9

8.7.2

h RN

TI

E-SPATIATL)

The TILE SPATIAL( ) syntax structure is specified by Table 39.

Table 39 — TILE_SPATIAL( ) syntax structure

TILE SPATIAL() {

Descriptor

Reference

TILE STARTCODE

u(24)

8.7.10.1

ARBITRARY BYTE

u(8)

8.7.10.2

if (TRIM_FLEXBITS FLAG)

TRIM FLEXBITS

u@)

8.7.10.3

IsCurrPlaneAlphaFlag = FALSE

TILE HEADER DC()

8.7.4

if (BANDS PRESENT != DCONLY) { /* BANDS PRESENT of Primary Plane */

52
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TILE SPATIAL() { Descriptor | Reference
TILE HEADER LOWPASS() 8.7.6
if (BANDS PRESENT != NOHIGHPASS)
TILE HEADER HIGHPASS() 8.7.8
}
if (ALPHA IMAGE PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
TILE HEADER DC() 8.7.4
if (BANDS_PRESENT !=DCONLY) {
/* BANDS PRESENT of Alpha plane */
TILE HEADER LOWPASS() 8.7.6
if (BANDS PRESENT != NOHIGHPASS)
TILE HEADER HIGHPASS() 8.78
}
}
for (n = 0; n < NumMBInCurrentTile; n++) {
IsCurrPlaneAlphaFlag = FALSE
if (BANDS PRESENT !=DCONLY) {
if NumLPQPs > 1 && USE DC QP FLAG ==FALSE)
LP QP INDEX[n] = DECODE QP INDEX(NumLPQPs) 8.7]10.10
if (BANDS_PRESENT !=NOHIGHPASS && NumHPQPs > 1 &&
USE LP QP FLAG==FALSE)
HP QP INDEX|n]=DECODE QP INDEX(NumHPQPs) 8.7{10.10
}
MB DC() 8.7]11
if (BANDS PRESENT !=DCONLY) {
MB LP() 8.7416.1
if (BANDS PRESENT != NOHIGHPASS) {
MB CBPHP() 8.717.2
MB HP FLEX() 8.7418.3
}
}
if (ALPHA IMAGE PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS_PRESENT !=DCONLY) {
/* BANDS PRESENT oflAlpha plane*/
if NumLPQPs > 1 && USE DC QP FLAG ==FALSE)
LP QP INDEXJn]=DECODE QP INDEX(NumLPQPs) 8.7110.10
if (BANDS PRESENT !=NOHIGHPASS && NumHPQPs > 1 &&
USE LP QP FLAG==FALSE)
HP_QPAINDEX[n] = DECODE QP INDEX(NumHPQPs) 8.7110.10
}
MB DC®) 8.7]11
if (BANDS PRESENT !=DCONLY) {
MB LP() 8.7]16.1
if (BANDS PRESENT != NOHIGHPASS) {
MB CBPHP() 8.7{17.2
MB HP FLEX() 8.7418.3
L
}
} /* for if (ALPHA IMAGE PLANE FLAG) */
} /* for (n = 0; n < NumMBInCurrentTile; n++) */
while (IS BYTE ALIGNED())
BYTE ALIGNMENT BIT u(l) 8.4.21

© ISO/IEC 2012 — All rights reserved
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8.7.3

TILE_DC()

The TILE _DC( ) syntax structure is specified by Table 40.

8.74

Table 40 — TILE_DC( ) syntax structure

TILE DC() { Descriptor Reference
TILE STARTCODE u(24) 8.7.10.1
ARBITRARY BYTE u(8) 8.7.10.2
IsCurrPlaneAlphaFlag = FALSE
TILE HEADER DC() 8.74
if  ALPHA IMAGE PLANE FLAQG) {

IsCurrPtaneAtpiariag=—TRUE
TILE HEADER DC() 8.7.4
}
for (n = 0; n < NumMBInCurrentTile; n++) {
IsCurrPlaneAlphaFlag = FALSE
MB DC() 8.7.11
if (ALPHA IMAGE PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
MB DC() 8.7¢11
}
}
while (!IS BYTE ALIGNED())
BYTE ALIGNMENT BIT u(l) 8.4.21
}

TILE_HEADER DC()

The TILE_ HEADER DC( ) syntax structure is specified by Table 41.

54

Table 41 — TILE HEADER_DC() syntax structure

TILE HEADER DC() { Descriptor Reference
if (DC IMAGE PLANE UNIFORM FLAG ==FALSE)
DC QP() 8.4.22
}
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8.7.5 TILE LOWPASS()
The TILE_ LOWPASS( ) syntax structure is specified by Table 42.

Table 42 — TILE_ LOWPASS() syntax structure

TILE LOWPASS() { Descriptor | Reference
TILE STARTCODE u(24) 8.7.10.1
ARBITRARY BYTE u(8) 8.7.10.2

IsCurrPlaneAlphaFlag = FALSE
if (BANDS_PRESENT !=DCONLY) /* BANDS_PRESENT of
primary image plane */

AR PSS 8.6
if ALPHA IMAGE PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS PRESENT !=DCONLY) /* BANDS PRESENT of
alpha image plane */
TILE HEADER_LOWPASS() 8.76

}
for (n = 0; n < NumMBInCurrentTile; n++) {

IsCurrPlaneAlphaFlag = FALSE

if (BANDS_PRESENT != DCONLY) { /* BANDS PRESENT of
primary image plane */
if NumLPQPs > 1 && USE_DC_QP_FLAG ==FALSE)

LP_QP_INDEX][n] = 8.710.10
DECODE QP INDEX(NumLPQPs) /* primary image.plane */
MB _LP() 8.716.1

i
if (ALPHA_IMAGE _PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS_PRESENT != DCONLY) { /* BANDS PRESENT of
alpha image plane */
if NumLPQPs > 1 && USE_DC_QP“FLAG ==FALSE)

LP_QP_INDEX[n] = DECODEQP_INDEX(NumLPQPs) 8.7110.10
/* alpha image plane */,
MB _LP() 8.716.1

}

}
while (IS BYTE_ALIGNED())

BYTE ALIGNMENTF. BIT u(l) 8421

8.7.6 | TILE(HEADER_LOWPASS()
The TILE HEADER LOWPASS( ) syntax structure is specified by Table 43.

Table43—HEE-HEADER-LEOWPASSO)-syntaxstructire———

TILE HEADER LOWPASS() { Descriptor Reference
if (LP IMAGE PLANE UNIFORM FLAG ==FALSE) {
USE DC QP FLAG u(l) 8.7.10.4
if (USE DC QP FLAG)
NumLPQPs =1
else {
NUM LP QPS MINUSI u(4) 8.7.10.5
NumLPQPs=NUM LP QPS MINUSI + 1
LP QP() 8.4.23
}
I
H
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8.7.7 TILE HIGHPASS()
The TILE_HIGHPASS( ) syntax structure is specified by Table 44.

Table 44 — TILE_HIGHPASS() syntax structure

TILE HIGHPASS() {

Descriptor

Reference

56

TILE STARTCODE

u(24)

8.7.10.1

ARBITRARY BYTE

u@®)

8.7.10.2

IsCurrPlaneAlphaFlag = FALSE

if ( BANDS PRESENT !=DCONLY &&
BANDS_PRESENT != NOHIGHPASS)

T A A DRI QAT : : 1 %
DAINDOS T'REOSLINT U1 PIHIIIAL y HIIdgT PIdIIC

TILE HEADER HIGHPASS()

8.7.8

if (ALPHA_IMAGE _PLANE FLAG) {

IsCurrPlaneAlphaFlag = TRUE

if (BANDS PRESENT !=DCONLY &&
BANDS PRESENT != NOHIGHPASS)
/* BANDS PRESENT of alpha image plane */

TILE HEADER HIGHPASS()

8.7.8

= =~

r (n = 0; n < NumMBInCurrentTile; n++) {

IsCurrPlaneAlphaFlag = FALSE

if ( BANDS PRESENT !=DCONLY &&
BANDS_PRESENT != NOHIGHPASS) {
/* BANDS PRESENT of primary image plane */

if (NumHPQPs > | && USE LP QP FLAG = = FALSE)

HP QP _INDEX[n] = DECODE QP INDEX(NumHPQPs)

8.7.10.10

MB_CBPHP()

8.7.17.2

MB HP()

8.7.18.2

;

if ALPHA IMAGE PLANE FLAG) {

IsCurrPlaneAlphaFlag = TRUE

if ( BANDS PRESENT != DCONLY &#&,
BANDS PRESENT != NOHIGHPASS) {
/* BANDS PRESENT of alphajimage plane */

if (NumHPQPs > 1 && USE LP QP FLAG = = FALSE)

HP QP _INDEX[n]£DECODE QP INDEX(NumHPQPs)

8.7.10.10

MB_CBPHP()

8.7.17.2

MB_HP()

8.7.18.2

;

=

hile (IS BYTE-ALIGNED())

BYTE ALIGNMENT BIT

u(l)

8.4.21
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8.7.8 TILE HEADER HIGHPASS()
The TILE_ HEADER HIGHPASS( ) syntax structure is specified by Table 45.

Table 45 —- TILE_ HEADER HIGHPASS( ) syntax structure

TILE HEADER HIGHPASS() { Descriptor | Reference
if (HP IMAGE PLANE UNIFORM FLAG == FALSE) {
USE LP QP FLAG u(l) 8.7.10.6

if (USE LP QP FLAG)
NumHPQPs = NumLPQPs

else {
NUN AP UrS VIIINUSIT u(=) o./7.1U.7
NumHPQPs =NUM HP QPS MINUSI + 1
HP QP() 8.4.24

}

8.7.9 | TILE _FLEXBITS()
The TILE FLEXBITS( ) syntax structure is specified by Table 46.

Table 46 — TILE_ FLEXBITS( ) syntaxStructure

TILE FLEXBITS() { Descriptor Reference
TILE STARTCODE u(24) 8.7.10.1
ARBITRARY BYTE u(8) 8.7.10.2
if (TRIM_FLEXBITS_FLAG)

TRIM_FLEXBITS u(4) 8.7.10.3

for (n = 0; n < NumMBInCurrentTile; n+4) {
IsCurrPlaneAlphaFlag = FALSE
if (BANDS_PRESENT == ALL)
/* BANDS PRESENT ofprimary image plane */
MB_FLEXBITS() 8.7.19.1
if (ALPHA IMAGE_PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS PRESENT == ALL)
/* BANDS PRESENT of alpha image plane */

MB_FLEXBITS() 8.7.19.1
}
}
while.(ITS BYTE ALIGNED())
BYTE ALIGNMENT BIT u(l) 8.4.21

8.7.10 | ~Tile-level semantics

8.7.10.1 TILE_STARTCODE

TILE STARTCODE is a 24-bit syntax element that is present at the beginning of tile-level syntax structures. The value
of TILE STARTCODE shall be equal to 0x000001.

NOTE 1 — Decoders should check the value of TILE_ STARTCODE to ensure that it has the correct value. If some value other
than 0x000001 is detected, decoders should infer the presence of an error condition. It is suggested that the subsequent data for any
tiles that begin with an incorrect value of TILE STARTCODE should be discarded. When such an error condition is detected and
the tile is not a flexbits tile-packet, it is suggested for the decoder to infer zero values for the transform coefficients in such a
packet. When such an error condition is detected and the tile is a flexbits tile-packet, it is suggested for the decoder to infer zero
values for all flexbits of such a tile-packet. Alternative approaches to handling such conditions may be preferable in some uses.

NOTE 2 — There is no guarantee that a byte-aligned 24-bit pattern evaluating to 0x000001 will not occur at any other location in
the codestream. Therefore, TILE_STARTCODE can only be used to reconfirm the start of a tile in conjunction with the index table
entries and not as a guaranteed indicator of the start of a tile.
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8.7.10.2 ARBITRARY BYTE
ARBITRARY BYTE is an 8-bit syntax element. This syntax element may have any value. The value of this syntax

element shall

be ignored by the decoder.

8.7.10.3 TRIM_FLEXBITS

TRIM_FLEXBITS is a 4-bit syntax element that is present if TRIM_FLEXBITS FLAG is equal to TRUE. Otherwise,
TRIM_FLEXBITS shall be inferred to be equal to 0.

NOTE — The number of bits per transform coefficient that are present in the flexbits tile-packet is specified by the value of

(ModelBitsMBHP[MBx][MBy][i]

8.7.10.4 US

— TRIM_FLEXBITS) as specified in subclause 8.7.18.3 and subclause 8.7.19.1.

E_DC_QP_FLAG

USE _DC _Qf
band. If USH
otherwise, th|
present, its va

8.7.10.5 NU

NUM_LP_Q
FALSE. This

FLAG is a 1-bit syntax element which specifies whether the LP band uses the same QP set, as
| DC_QP_FLAG is equal to TRUE, the values of the LP QP set are set to those of the DE\band
e values of the LP QP set are explicitly specified in the codestream. When USE DC-QP“FLA
lue shall be inferred to be equal to FALSE.

M_LP_QPS_MINUS1

PS MINUSI is a 4-bit syntax element that is present if LP_ IMAGE PLANE~UNIFORM FLAG is
syntax element specifies the number of LP band QPs, per color componentineach tile, minus 1.

8.7.10.6 USE_LP_QP FLAG

USE _LP_ QP
If USE_LP_
otherwise, th|
present, its va

8.7.10.7 NU

| FLAG is a 1-bit syntax element that specifies whether the HP band uses the same QP sets as the [
PDP FLAG is equal to TRUE, the values of the HP QP sets ‘are set to those of the LP band
e values of the HP QP sets are explicitly specified in th€ codestream. When USE LP QP FLA
lue shall be inferred to be equal to FALSE.

M_HP_QPS_MINUS1

NUM_HP_QPPS MINUSI is a 4-bit syntax element that is<present if HP IMAGE PLANE UNIFORM FLAG

to FALSE. T

8.7.10.8 LP

LP_QP_IND
DCONLY, N
the LP band

derived from|
structure DE

8.7.10.9 HH

his syntax element specifies the number of HR band QPs, per color component in each tile, minus 1.

| QP_INDEX]n]

FX[n] is a variable-length syntax “element that is present when BANDS PRESENT is not d
umLPQPs is greater than 1, andJSE DC_QP_FLAG is equal to FALSE. It specifies the QP index

bf the n-th macroblock, in raster scan order, of the tile. The LP band QP for each color component
the g-th QP set when LP .QP INDEX][n] takes the value q. The LP QP index is parsed using thq
CODE_QP INDEX(J)SWhen LP_QP_INDEX][n] is not present, its value shall be inferred to be equal

QP_INDEX]n]

HP_QP_IND
DCONLY orj
QP index fo
component s}
using the sy

as follows:

8.7.10.10

X[n] is altariable-length syntax element that is present when BANDS PRESENT is not g
NOHIGHPASS, NumHPQPs is greater than 1, and USE LP QP FLAG is equal to FALSE. It spec
the HR band of the n-th macroblock, in raster scan order, of the tile. The HP band QP for ea

the DC
QP set;
i is not

equal to

P band.
P sets;
[y is not

is equal

qual to

1sed for

shall be
syntax
to 0.

qual to
fies the
h color
parsed

hall be der1ved from the g-th QP set when HP QP INDEX[n] takes the value q The HP QP index i
LaX J J d d

DECODE_QP_INDEX()

e linferred

IfUSE LP_QP FLAG is equal to TRUE, HP QP INDEX([n] shall be inferred to be equal to LP_ QP INDEX]n].
Otherwise, HP_ QP_INDEX([n] shall be inferred to be equal to 0.

DECODE_QP_INDEX( ) is called when there is a table of quantization parameters associated with either the LP or HP
band. When called, DECODE_QP_INDEX( ) returns the index into this table, that represents the quantization parameter
to be used. This syntax structure takes the parameter iNumQP, which specifies the size of the relevant quantization
parameter table.
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The syntax structure DECODE QP _INDEX( ) is specified by Table 47.

Table 47 - DECODE_QP_INDEX( ) syntax structure

DECODE QP INDEX(iNumQP) { Descriptor Reference
iBitsQPIndex[ ] = {0,0,1,1,2,2,3,3,3,3,4,4,4,4,4,4,4}
iBits = iBitsQPIndex[iNumQP]

IS QPINDEX NONZERO FLAG u(l) 8.7.10.11
if (IS_QPINDEX NONZERO_FLAG ==FALSE)

iQPIndex =0
else { /* iBits > 0 as iNumQP > 1 */

QPINDEX REF u(iBits) 8.7.10.12

1QPIndex = QPINDEX_REF + 1

H

return iQPIndex

8.7.1011 IS_QPINDEX NONZERO_FLAG

IS QPINDEX NONZERO FLAG is a 1-bit syntax element. If IS QPINDEX NONZERO FLAG is equal to TRUE, the
QP indgx is derived from the syntax element QPINDEX REF. Otherwise, the QPuindex is set to 0.

8.7.10.t2 QPINDEX REF

QPINDEX REF is a syntax element that specifies the QP index wheén IS QPINDEX NONZERO FLA( is equal to
TRUE. [The value of QPINDEX REF shall be in the range of 0 to iNUmQP—2. All other values are reserved

8.7.11| MB_DC()
The MB_DC( ) syntax structure is specified by Table 48.

Table 48 — MB_DC( ) syntax structure

MB DC() { Descriptor Reference
/* IsCurrPlaneAlphaFlag is equal to, TRUE for parsing alpha image plane,
and IsCurrPlaneAlphaFlag is equdl to FALSE for parsing primary
image plane */
iBand =0 /* 0 = DC band, { 5LP band, 2 = HP band */
blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (bInitializeContext)={
InitializeDCVLC( ) 8.8.3.1
InitializeModelMB(ModelDC, iBand) 8.12.1

}
iLapMean[ 1= {0, 0}
if INTERNAL CLR FMT==YONLY ||
INTERNAL CLR FMT==YUVK ||
INTERNAL CLR FMT == NCOMPONENT)
for (n=0; n < NumComponents; n++) {
IS DC CH FLAG u(1) 8.7.14.1
bAbsLevel =IS DC CH FLAG
m=0
if (n !=0)
m=1
if (bAbsLevel)
iLapMean[m] = iLapMean[m] + 1
bChroma = FALSE /* Luma */
DClnput[n] = 8.7.12
DECODE DC(ModelDC.MBits[m], iBand, bChroma, bAbsLevel)

h
else { /* INTERNAL CLR_FMT is not YONLY, YUVK,
or NCOMPONENT */
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8.7.12 DH

60

MB DC() {

Descriptor Reference

VAL DC YUYV /* Parse with VAL DC YUV Code table */

e(v) 8.7.14.2

/* Luma (Y) DC Parsing */

bAbsLevel = (VAL DC_YUV & 4) 1= 0)

if (bAbsLevel)

iLapMean[0] = iLapMean[0] + 1

bChroma = FALSE /* i.e., Luma */

DClnput[0] =
DECODE DC(ModelDC.MBits[0], iBand, bChroma, bAbsLevel)

8.7.12

/* First chroma (U) DC Parsing */

bAbsLevel = (VAL DC_YUV & 2) 1= 0)

if (bAbsLevel)

1LapMean[1] =1LapMean[1] + 1

bChroma = TRUE /* i.e., Chroma */

DClnput[1] =
DECODE DC(ModelDC.MBits[1], iBand, bChroma, bAbsLevel)

8.7.12

/* Second chroma (V) DC Parsing */

bAbsLevel = (VAL DC YUV & 1) I=0)

if (bAbsLevel)

iLapMean[1] = iLapMean[1] + 1 /* Same index for U and V */

bChroma = TRUE /* i.e., Chroma */

DClnput[2] =
DECODE DC(ModelDC.MBits[1], iBand, bChroma, bAbsLevel)

8.7.12

}

Up

dateModelMB(iLapMean[ ], ModelDC, iBand)

8.12.2

bR

esetContext = (MBx = = (LeftMBIndexOfTile[TileIndexx + 1] — 1) | |
(MBx — LeftiMBIndexOfTile[ TileIndexx]) % 16 == 0)

if

bResetContext)

AdaptDC()

8.8.4.1

;

CODE_DC()

Table 49 — DECODE_DC() syntax structure

DIECODE DC(iModelBits, iBand, bChroma, bAbsLevel) {

Descriptor Reference

iDC=0

iContext =0

if (bAbsLevel)

iDC = DECODE ABS LEVEL(iBand, bChroma, iContext) — 1

8.7.13

if (iIModelBits) {

DC REF

u(iModelBits) | 8.7.14.3

iDCRef = DC-REF

iDC = (iDC<< iModelBits) | iDCRef

}

if iDCI=0) {

SIGN_FLAG

u(l) 8.7.14.4

if SIGN FLAG)

M avVal R aval
TOC — 1DC

}

return iDC
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8.7.13 DECODE_ABS_LEVEL()

Table 50 - DECODE_ABS _LEVEL() syntax structure

DECODE ABS LEVEL(iBand, bChroma, iContext) { Descriptor | Reference
/* sAdaptVLC is local instance of AdaptiveVLC data structure */
if (iIBand == 0) /* DC */

if (bChroma)
sAdaptVLC = AbsLevellndDCChr
else
sAdaptVLC = AbsLevellndDCLum
else if (iBand==1) /*LP %/

if (iContext)
sAdaptVLC = AbsLevellndLP1

else
sAdaptVLC = AbsLevellndLP0

b if (iBand == 2) /* HP */

if (iContext)
sAdaptVLC = AbsLevellndHP1

else
sAdaptVLC = AbsLevellndHP0

iR¢map[ ] = {2, 3,4, 6, 10, 14}

iFikedLen[ ] = {0,0,1,2,2,2}

AHS LEVEL INDEX /* Parse with table indexed by sAdaptVLC.TableIndex*/ ae(v) 8.7.14.5

sAflaptVLC.DiscrimVall += AbslevellndexDelta[0]JABS LEVEL INDEX] Table 86

if (ABS_LEVEL _INDEX <6) {

iFixed = iFixedLen[ABS LEVEL INDEX]

iLevel = iRemap[ABS LEVEL INDEX]

if (iFixed > 0) {

LEVEL_REF u(iFixed) | 8.7.14.6
iLevel += LEVEL REF

—
72}

€

}
} else { /* Escape mode */
FIXED NUM u(4) 8.7.14.7
iFixed = FIXED NUM + 4
if (iFixed == 19) {
FIXED NUM EXT u(2) 8.7.14.8
iFixed += FIXED NUM_EXT.
if (iFixed == 22) {
FIXED NUM EXT2 u(3) 8.7.14.9
iFixed += FIXED "NUM EXT2

}

+
LEVEL REF u(iFixed) | 8.7.14.6
iLevel = 2 1 (1 << iFixed) + LEVEL REF

retyirn illevel

8.7.14 Macroblock DC( ) semantics

8.7.14.1 IS DC_CH_FLAG

IS DC CH_FLAG is a 1-bit syntax element that is present if INTERNAL CLR FMT is one of YONLY, YUVK, or
NCOMPONENT. If IS DC CH_FLAG is equal to TRUE, the variable-length coded part of the DC coefficient of the
corresponding color component is specified in the codestream. If IS DC CH_FLAG is equal to FALSE, the variable-
length coded part of the DC coefficient of the corresponding color component is equal to 0.
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8.7.14.2 VAL_DC_YUV

VAL DC YUV is a variable-length syntax element that is present if INTERNAL CLR FMT is not one of YONLY,
YUVK, or NCOMPONENT. The value of VAL DC YUYV is a 3-bit number, which jointly specifies the zero/non-zero
status of the DC coefficients of the Y, U and V, respectively (i.e., (VAL DC YUV & 4) specifies the Y,
(VAL DC YUV & 2) specifies the U, and (VAL DC YUV & 1) specifies the V). The code table used in parsing
VAL DC YUV is specified in Table 51.

Table 51 — Code table for VAL_DC_YUV

8.7.14.3 DQ_

DC _REF is
needed to spe

8.7.14.4 SI(

SIGN_FLAG
coefficient is

8.7.14.5 AB

ABS LEVEI
element is u
transform cos
less than 6, t
element. If A
and the numb

The coding o
subclause 8.8

Code Value
10 0
001 1
0000 1 2
0001 3
11 4
010 5
0000 0 6
011 7

REF

h syntax element which specifies the FLC refinement in the DC, value. The number of bits, iMd
cify DC_REEF is computed as specified in subclause 8.7.12.

GN_FLAG

is a 1-bit syntax element which specifies the sign of\a coefficient. If SIGN_FLAG is equal to TR
negative. Otherwise, the coefficient is positive.

S_LEVEL_INDEX

_INDEX is a variable-length syntax element that has a value in the range of 0 to 6, inclusive. Thi
bed in the computation of the VLC-coded part of the transform coefficient. The VLC-coded p|
fficient is parsed in two stages: the initial level value and the VLC refinement. If ABS LEVEL IN
he initial level and the number of bits required to specify the VLC refinement are specified by thi
BS_LEVEL INDEX is equal.fo)6, further syntax elements are parsed to determine the initial lev
er of bits required to specify the VLC refinement, as specified in subclause 8.7.13.

f this syntax element us¢s one of two tables, adaptively determined as specified by the parsing prog
. The two code tables)are specified in Table 52.

Table 52 — Code table for ABS_LEVEL_INDEX

delBits,

UE, the

syntax
hrt of a
DEX is

syntax
bl value

ess (see

Code 0 Code 1 Value
01 1 0
10 01 1
11 001 2
001 0001 3
0001 00001 4
00000 000000 5
00001 000001 6

8.7.14.6 LEVEL_REF

LEVEL REF is a syntax element which specifies the VLC refinement. The number of bits, iFixed, needed to specify this
syntax element is computed as specified in subclause 8.7.13 from ABS LEVEL INDEX if ABS LEVEL INDEX is less
than 6, or from FIXED NUM, FIXED NUM EXT, and FIXED NUM EXT?2 if ABS LEVEL INDEX is greater than

or equal to 6.
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8.7.14.7 FIXED_NUM

FIXED NUM is a 4-bit syntax element that is present if ABS LEVEL INDEX is equal to 6. It specifies the number of
bits needed to specify the initial level value.

8.7.14.8 FIXED NUM_EXT

FIXED NUM_EXT is a 2-bit syntax element that is present if FIXED NUM is equal to 15. It specifies the number of
extension bits needed to specify the initial level value.

8.7.14.9 FIXED NUM_EXT2
FIXED NUM_EXT?2 is a 3-bit syntax element that is present if FIXED NUM is equal to 15 and FIXED NUM_EXT is

equal td
8.7.15

8.7.16

This su
entropy|

as compputed, as specified in Table 53, from the syntax elements CBPLP_YUV1 or CBPEP YUV2 or CBPL

If INTH
specifig
of the I
be up {
process
the prog

If INTH
specifig
jointly

interlea
INTER
is U[1]
coeffici|

The vaJue of the LP coefficients is refined by invoking the process REFINE LP(), and this proces

irrespeqd

8.7.16.
The MK

1 MB_LP()

3. It specities the number of additional extension bits needed to specity the mnitial level value.
Macroblock low-pass

General

bclause specifies the derivation of the LP coefficients of the blocks in a macroblock The presenc
coded LP coefficients, i.e. coded block pattern low-pass, in a macroblock is represented by the var

RNAL CLR FMT is not equal to YUV420 or YUV422, the coded bleck.status of the n-th color
d by (iICBPLP >>n) & 1). If INTERNAL CLR _FMT is equal to YUV/420 or YUV422, the code
ima component is specified by (iCBPLP & 1). If the coded block status bit of a component is non-z
p 15 non-zero LP coefficients associated with that component.*These coefficients are parsed by
DECODE BLOCK( ) specified by subclause 8.7.18.5, and the inverse scanning order is determine
ess AdaptiveLPScan( ).

RNAL CLR FMT is equal to YUV420 or YUV422the'coded block status of the U and V compo
d by (iICBPLP >> 1) & 1). If the coded block status_bit is non-zero, the LP coefficients of U and
by invoking the process DECODE BLOCK( ) specified in subclause 8.7.18.5. The U and V c9
ed, and a fixed inverse scanning order\ (specified by iRemapArr and iRemapOffset)
NAL CLR FMT is equal to YUV420, therg:¢an be up to 3 U and 3 V coefficients and the inverse s
V[1], U[2], V[2], U[3], V[3]. If INTERNAL CLR _FMT is equal to YUV422, there can be up to
ents and the inverse scanning order is-UT4], V[4], U[1], V[1], U[2], V[2], U[3], V[3], U[5], V[5], U[

tive of the value of iCBPLP,

_LP() syntax structure'is specified by Table 53.

e of non-zero
able iCBPLP
P_CH_BIT.

component is
| block status
bro, there can
invoking the
| by invoking

nent is jointly
V are parsed
efficients are
is used. If
tanning order
7Uand 7V
b, V[6].

s is invoked
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Table 53 — MB_LP( ) syntax structure

MB LP() { Descriptor Reference

/* IsCurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane, and
IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary image plane */

iBand=1/*0=DC1=LP,2=HP %/
iTranspose444[ 1= {0,4,8,12,1,5,9,13,2,6, 10, 14,3,7,11, 15}
iTranspose422[ 1=1{0,2,1,3,4,6,5,7}
iTranspose420[ ] = {0, 2, 1, 3}
blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (blnitializeContext ) {

InitializeCountCBPLP() 8.9.2
IfitiatizeLP VIECT) 8832
IitializeAdaptiveScanLP( ) 8.11.2
IgitializeModelMB(ModelLP, iBand) 8.12.1
}
bRes¢tTotals = (MBx — LeftMBIndexOfTile[ TileIndexx]) % 16) == 0)
if (bResetTotals)
RlesetTotalsAdaptiveScanLP( ) 8.11.4

iLapMean[ ] = {0, 0}

if INTERNAL CLR_FMT==YUV422 ||
INTERNAL CLR FMT ==YUV420)
ifullPlanes = 2

else

ifullPlanes = NumComponents
if INTERNAL CLR_FMT ==YUV420 | |
INTERNAL CLR FMT==YUV422 ||
INTERNAL CLR FMT ==YUV444) {
iMax = iFullPlanes * 4 — 5 /* Max value of CBPLP */
iff (CountZeroCBPLP <= 0 | | CountMaxCBPLP < 0) {
CBPLP YUVI e(v) 8.7.16.3.1
if (CountMaxCBPLP < CountZeroCBPLP)
iCBPLP = iMax — CBPLP YUV
else
iCBPLP = CBPLP YUVI

}lelse {
CBPLP YUV2 u(iFullPlanes) | 8.7.16.3.2
iCBPLP = CBPLP_YUV2

UpdateCountCBPLP(iCBPLP; iMax) 8.9.3
} elsqd {
i{BPLP =0

fqr (n=0; n < NumComponents; n++) {
CBPLP_CH.BIT u(l) 8.7.16.3.3
iCBPLP < (cBPLP CH BIT <<n)

H

}

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

iff INTERNAL CLR_FMT ==YUV420)
jMax =3

else if INTERNAL CLR FMT ==YUV422)
jMax =7

else
jMax = 15

for ( = 0; j <= jMax; j++)
LPInput[k][j] =0

}
for (n = 0; n < iFullPlanes; n++) {
if(n==0)
ilndex =0
else
ilndex =1
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MB LP() {

Descriptor

Reference

iNumNonZero = 0

if (ICBPLP >>n) & 1) {

for (1=0;1<32; i++)

iRLCoeffs[i] =0

iLocation = 1

if (INTERNAL CLR FMT == YUV420) && n)

iLocation = 10

if (INTERNAL CLR FMT == YUV422) && n)

iLocation = 2

iNumNonZero =
DECODE BLOCK(ilndex, iRLCoeffs[ ], iBand, iLocation)

8.7.18.5

T(UNTERNAL CLR FMT == YUV420]]
INTERNAL CLR FMT == YUV422) && n) {

iTemp[14] = 0 /* Initializing the array iTemp to zero. */

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

iRemapOffset = 0

if INTERNAL CLR_FMT ==YUV420)

iRemapOffset = 1

if INTERNAL CLR_FMT ==YUV422)

iCountChr = 14

else

iCountChr =6

i=0

for (k = 0; k< iNumNonZero; k++) {

i +=iRLCoeffs[k * 2]

iTemp[i] = iRLCoeffs[k * 2 + 1]
i++

}

for (k = 0; k <iCountChr; k++) {

iRemap = iRemapArr[(k >> 1) + iRemapOffset]

if INTERNAL CLR FMT = = YUV420)

LPInput[(k & 1) + 1][iTranspose420[iRemap]] = iTemp[k]

else

LPInput[(k & 1) + 1][iTranspose422[iRemap]] = iTemp[k]

;

} else {

i=1

for (k = 0; k< iNumNonZero; k++) {

i +=iRLCo¢ffs[k*2]

Adaptivel.PScan(n, i, iRLCoeffs[k * 2 + 1]) /* Updates LPInput */

8.11J6

1++

;

;

} /* i (GCBPLP>>n) & 1) */

iModelBits = ModelLP.MBits[ilndex]

iCapMean[ilndex] += iNumNonZero

if (IModelBits)

if (ANTERNAT, CTR FMT==YIIV420) && n)

for (k=1; k <4; k++) {

LPInput[1][iTranspose420[k]]=
REFINE LP(LPInput[1][iTranspose420[k]], iModelBits)

8.7.16.2

LPInput[2][iTranspose420[k]] =
REFINE LP(LPInput[2][iTranspose420[k]], iModelBits)

8.7.16.2

H

else if (INTERNAL CLR_FMT==YUV422) && n)

for (k=1; k <8; k++) {

LPInput[1][iTranspose422[k]]=
REFINE LP(LPInput[1][iTranspose422[k]], iModelBits)

8.7.16.2

LPInput[2][iTranspose422[k]] =
REFINE LP(LPInput[2][iTranspose422[k]], iModelBits)

8.7.16.2
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MB LP(){ Descriptor Reference
else
for (k=1; k <16; k++)
LPInput[n][iTranspose444[k]] = 8.7.16.2
REFINE LP(LPInput[n][iTranspose444[k]], iModelBits)
} /% for (n=0... %
UpdateModelMB(iLapMean| ], ModelLP, iBand) 8.12.2
bResetContext = (MBx = = (LeftMBIndexOfTile[ TileIndexx + 1] — 1) | |
(MBx — LeftMBIndexOfTile[ TileIndexx]) % 16 == 0)
if (bResetContext)
AdaptLP() 8.8.4.2
H
8.7.16.2 REFINE_LP()
Table 54 — REFINE_LP() syntax structure
REFINE LP(iCoeff, iModelBits) { Descriptor Reference
COEFF REF u(iModelBits) | 8.7.16.34
if (ICoeff > 0) {
iCoeff <<= iModelBits
iCoeff += COEFF_REF
} else if (iCoeff < 0) {
iCoeff <<= iModelBits
iCoeff —= COEFF_REF
} else {
iCoeff = COEFF REF
if (iCoeff) {
SIGN _FLAG u(l) 8.7.14.4
if (SIGN_FLAG)
iCoeff = —iCoeff
I
}
return iCoeff
I

8.7.16.3 MB_LP() and REFINE LP() semantics

8.7.16.3.1CBPLP_YUV1

CBPLP_YUYI is a syntax element that is present if INTERNAL CLR _FMT is one of YUV420, YUV422, or YUV444,
and also CoyntZeroCBPLEP\is less than or equal to 0 or CountMaxCBPLP is less than 0 it jointly specifies the coded
block pattern|{low-pass(ofithe Y, U and V color components as follows:

— IfINTERNAL CLR FMT is YUV444, the parsing of CBPLP_YUV1 is specified by Table 55.
- IfINTERNAL CLR FMT is YUV420 or YUV422, the parsing of CBPLP_YUV1 is specified by Table 5¢.

NOTE - If (CountZeroCBPLP > 0 && CountMaxCBPLP >= 0), the coded block pattern low-pass band 1s computed as specified

in subclause 8.7.16.1.
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Table 55 — Code table for CBPLP_YUV1 when INTERNAL_CLR_FMT is equal toYUV444

Code Value
0 0
100 1
1010 2
1011 3
1100 4
1101 5
1110 6
1111 7

Tgble 56 — Code table for CBPLP_YUV1 when INTERNAL_CLR_FMT is equal to YUV420,0r YUV422
Code Value
0 0
10 1
110 2
111 3

8.7.16.

CBPLP
YUV44
require

3.2CBPLP_YUV2

| YUV2 is a syntax element that is present when INTERNALJCLR FMT is equal to YUV420,
4, and CountZeroCBPLP is greater than 0 and CountMaxCBRLP is greater than or equal to 0. The 1
| to specify this syntax element is specified by iFullPlanes)

YUV422, or
umber of bits

8.7.16.
CBPLP|

3.3CBPLP_CH_BIT

INTER
the cor]

| CH BIT is a 1-bit syntax element that(is” present for each color component in an
NAL CLR FMT is not one of YUV422, YUV420, or YUV444. It specifies the coded block patter
responding color component. If CBPLPCCH BIT is equal to 0, all the coefficients in the LP

image when
h low-pass of
band for this

macrob the LP band

for this

ock of the corresponding color component are set to the value 0. If CBPLP_CH_BIT is equal to 1
macroblock of the corresponding cemponent is non-zero.

8.7.16.

COEFH
element

3.4COEFF_REF

| REF is a syntax element that refines the value of LP coefficients. The number of bits used to par
is specified by iModelBits.

be this syntax
8.7.17
8.7.17‘1
The C

ep<the syntax element NUM_CBPHP and REFINE CBPHP( ) process specify the residual CBH

oupswdherecach-block-aroupconsistsof multiple blocks-asspecified below

Coded block pattern high-pass (CBPHP)

General
HP derivation process is hierarchical, and proceeds as follows:

First st HP status of

block-g

If INTERNAL CLR FMT is equal to YUV444, YUV422, or YUV420, there is a NUM_CBPHP syntax element for each
macroblock and each block-group consists of 2x2 group of luma blocks, and the co-located chroma blocks. For each 2x2
group of luma block, the co-located chroma blocks consists of a) 2x2 group of U blocks and 2x2 group of V blocks for
YUV444, b) 2x1 group of U blocks and 2x1 group of V blocks for YUV422, and ¢) 1 U block and 1 V block for
YUV420. Thus, there are 4 block-groups in each macroblock. NUM_CBPHP takes a value between 0 and 4 and specifies
the number of block-groups where CBPHP residual values are non-zero, i.e. block-groups that have CBPHP status that
differ from their predicted values. The REFINE CBPHP( ) process is invoked to determine which of the block groups
has non-zero residual CBPHP values.

If INTERNAL CLR _FMT is equal to YONLY, YUVK, or NCOMPONENT, there is a NUM_CBPHP syntax for each
color component in that macroblock, and each block-group consists of 2x2 groups of blocks in that color component.
Thus, there are 4 block-groups for each color component. NUM_CBPHP takes a value between 0 and 4 and specifies the
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number of block groups (in that color component) where CBPHP residual values are non-zero, and the
REFINE CBPHP( ) process is invoked to determine which of the block groups has non-zero residual CBPHP values.

Second step: If the residual CBPHP status of a block-group is equal to 0, the residual CBPHP of all the blocks in the
group is inferred to be equal to 0. If the residual CBPHP status of a given block-group is non-zero, the
NUM_BLKCBPHP and subsequent syntax elements are used to indicate the residual CBPHP of specific blocks in that
block-group as summarized below:

If INTERNAL CLR FMT is equal to YUV444, YUV422, or YUV420, there is a NUM_BLKCBPHP syntax element for
each block-group with non-zero residual CBPHP status. NUM_BLKCBPHP takes a value between 0 and 8. If
NUM_BLKCBPHP plus 1 is less than 6, it indicates that the residual CBPHP of all the chroma blocks in the block group
are equal to 0. The luma blocks that have non-zero res1dual CBPHP are 1nd1cated by the Value of NUM_BLKCBPHP and
CODE _INC. k S than ! dua at-lea me chroma
blocks in this block group are non-zero, and the syntax elements CHR CBPHP is parsed to spec1fy if a) the U}, pr b) V,
or ¢) both U and V, color components have blocks with non-zero residual CBPHP. In this case, the luma blocks that have
non-zero resiflual CBPHP are indicated by the value of NUM_BLKCBPHP, VAL INC and CODE_INC.,

If INTERNAJL CLR FMT is equal to YUV444 or YUV422, the chroma component with non-zerq vesidual CBFPHP has
multiple blodks. If INTERNAL CLR FMT is equal to YUV444, the syntax element NUM_CH-BLK and the[process
REFINE CBPHP( ) specify the chroma blocks that have non-zero residual CBPHP. If INTERNAL CLR FMT fis equal
to YUV422, the syntax element CBPHP_CH_BLK specifies the chroma blocks that have non-zero residual CBPHP.

If INTERNAL CLR FMT is equal to YONLY, YUVK, or NCOMPONENT, theréds a NUM_BLKCBPHH syntax
element for dach block-group (in each color component) where residual CBPHP status'is non-zero. NUM_BLKICBPHP
takes a value| between 0 and 4. The blocks in this block-group that have non-zetesiesidual CBPHP are indicategl by the
value of NUM BLKCBPHP and CODE_INC.

Third step: On the completion of the second step for all block groups in almacroblock, the residual CBPHP valugs for all
the blocks in color component i are stored in the corresponding iDiffCBPHPJi] variable. These values are stofed in a
hierarchical faster scan order, where each consecutive nibble of 4 bits\corresponds to one 2x2 block group. Within each
nibble, the blpcks of a block-group are in raster scan order, and 2x2'block-groups in a macroblock are also in ragter scan
order. If INTERNAL CLR _FMT is equal to YUV422 orYUV420), the hierarchical scan order for the |chroma
components is identical to the normal scan order.

The PredCBRHP( ) process is invoked to compute the actial CBPHP values from the residual CBPHP values. Tlhe value
of (MBCBPHP[MBx][MBy][i] >>j) & 1) specifies \the coded block status of the j-th block (in the same hierprchical
raster scan order as iDiffCBPHP) associated with the i-th color component in the macroblock indexed by MBx anfl MBy.

8.7.17.2 MB_CBPHP()
The MB_CBPHP( ) syntax structure is specified by Table 57.

Table 57 — MB_CBPHP( ) syntax structure

MB CBPHP() { Descriptor Refefence
/* IsCurfPlaneAlphaFlag'is equal to TRUE for parsing alpha image plane, and
IsCyrrPlaneAlphaFlag is equal to FALSE for parsing primary image plane */
/* sAdaptVLCslocal instance of AdaptiveVLC data structure */
iFLC[ ] {0,2,1,2,2,0}
iOff] 19 1074, 2, 8, 12, 1}
iOut] ] =10, 15, 3, 12, 1, 2,4, 8, 5, 6,9, 10, 7, 11, 13, 14}
iDiffCBPHP[NumComponents] =0 /* Initializing the array to zero */
blnitializeContext =
(IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (blnitializeContext)
InitializeCBPHPVLC() 8.8.3.4
if INTERNAL_CLR_FMT == YUVK ||
INTERNAL CLR FMT == NCOMPONENT)
iComponent = NumComponents
else
iComponent = 1
for (i = 0; i <iComponent; i++) {
sAdaptVLC = DecNumCBPHP
/* reference AdaptiveVLC struct for NUM CBPHP */
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MB_CBPHP() {

Descriptor

Reference

NUM CBPHP /* using sAdaptVLC */

ae(v)

8.7.17.4.1

sAdaptVLC.DiscrimVall +=
NumCBPHPDelta[sAdaptVLC.DeltaTableIndex][NUM_CBPHP]
/* sAdaptVLC.DeltaTablelndex is equal to 0 */

Table 89

iCBPHP = REFINE CBPHP(NUM_CBPHP)

8.7.17.3

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

if (CBPHP & (1 << iBlock)) {

sAdaptVLC = DecNumBIkCBPHP
/* reference AdaptiveVLC struct for NUM_BLKCBPHP */

NUM BLKCBPHP /* using sAdaptVLC */

ae(v)

8.7.17.4.2

sAdaptVLC.DiscrimVall +=

Table 90,

NumBikCBPHPDeim SKﬂHpt VLU DCIa IaDICINACX [[NUIVI BLNKUBIFHI ]

Table 91

iVal = NUM_BLKCBPHP+I

iBIkCBPHP =0

if (iVal >=6) { /* Is chroma */

CHR_CBPHP

ewv)

8.7.17.4.3

iBIkCBPHP = 0x10 * (CHR_CBPHP + 1)

if (iVal >=9) {

VAL INC

e(v)

8.7.17.4.4

iVal += VAL INC

;

iVal =6

}

iCode = iOff[iVal]

if GFLC[iVal]) {

CODE_INC

u(iFLC[iVal])

8.7.17.4.5

iCode += CODE INC

;

iBIkCBPHP += iOut[iCode]

if INTERNAL CLR _FMT ==YUV444) {

iDiffCBPHP[0] |= ((iBIkCBPHP & 0x0F)<< (iBlock * 4))

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

if (IBIKCBPHP >> (k + 4)) &0x01) {

NUM CH BLK

e(v)

8.7.17.4.6

iCBPHPChr = RERINE CBPHP(NUM CH BLK + 1)

8.7.17.3

iDIffCBPHP[k.t 1] |- (iCBPHPChr << (iBlock * 4))

;

/* INTERNAL CLR FMT ==YUV444 */

} else if INTERNAL CLR FMT ==YUV422) {

iDiffCBPHPJ0] |= ((iBIkCBPHP & 0xO0F) << (iBlock * 4))

for (k='0,k <2; k++)

if (@BIKCBPHP >> (k + 4)) & 0x01) {

iShift[4] = {0, 1, 4, 5}

CBPHP_CH_BLK

e(v)

8.7.17.4.7

iCBPHPChr = iShiffCBPHP_CH BLK + 1]

iDiffCBPHP[k + 1] |- (iCBPHPChr << iShift[iBlock])

H

} else iF(IT\ITPDT\IAI CLR EMT ==¥Y1 I\IA’)()) {

iDiffCBPHP[0] |= ((iBIkCBPHP & 0x0F) << (iBlock * 4))

iDiffCBPHP[ 1] |= ((((BIKCBPHP >> 4) & 0x01) << iBlock)

iDiffCBPHP[2] |= ((((BIKCBPHP >> 5) & 0x01) << iBlock)

} else /* Default */

iDiffCBPHP[i] |- ((iBIkCBPHP ) << (iBlock * 4))

} /* if (CBPHP...) */

Y /%

PredCBPHP(iDiffCBPHP)

8.7.17.5.1
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8.7.17.3 REFINE_CBPHP()

Table 58 — REFINE_CBPHP( ) syntax structure

REFINE CBPHP(iNum) { Descriptor Reference
if (INum == 2) {
REF CBPHP1 e(v) 8.7.17.4.8

iRef=REF CBPHPI
} else if (Num==1) {
REF CBPHP u(2) 8.7.17.4.9
iRef= (1<<REF CBPHP)
} else if (INum == 3) {
REF CBPHP u(2) 8.7.17.4.9
iRef = (0xOF ~ (1<<REF CBPHP))
} else if (INum==4)
iRef = 0xOF
else
iRef=0
return iRef

8.7.17.4 MB_CBPHP() and REFINE_CBPHP( ) semantics
8.7.17.4.1NUM_CBPHP

NUM_CBPHP is a variable syntax element that specifies the number of block-groups where CBPHP residual values
CBPHP statup differs from their predicted values as specified in subclause 8.7.17.1. NUM_CBPHP is parsed using one of
two VLC tables specified in Table 59. The adaptive VLC structureused to parse NUM_CBPHP is initialized to the VLC
table corresgonding to Code 0 as specified in subclause 8:8:3.4, and the structure is updated as specjfied in
subclause 8.8.4.

Table 59 — Code-table for NUM_CBPHP()

Code 0| Code 1 Value
1 1 0
0l 000 1
001 001 2
0000 010 3
0001 011 4

8.7.17.4.2NUM_BLKCBPHP

NUM_BLKJBPHP_is.a" variable-length syntax element that specifies the CBPHP status of each block-group where
residual CBHHP, §tatus is non-zero as specified in subclause 8.7.17.1. If INTERNAL CLR FMT is equal to [YUVK,
NCOMPON NT or YONLY NUM BLKCBPHP is coded using one of the two VLC tables spemﬁed in Table 60.
Otherwise, P C C e VLC
structure used to parse NUM BLKCBPHP is 1n1t1ahzed to the VLC table correspondlng to Code 0 as specified in
subclause 8.8.3.4, and the structure is updated as specified in subclause 8.8.4.
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Table 60 — Code table for NUM_BLKCBPHP

if INTERNAL_CLR_FMT is one of {YUVK, NCOMPONENT, YONLY}

Code 0 Code 1 Value
1 1 0
01 000 1
001 001 2
0000 010 3
0001 011 4

8.7.17.

CHR _d
specifig

NOT1
indi

8.7.17.

VAL 1]
NUM |
Table 6

Tablc 61 —Code table for NUM_BEKCBPHP
if INTERNAL_CLR_FMT is not one of {YUVK, NCOMPONENT, YONLY}

Code 0 Code 1 Value
010 1 0
00000 001 1
0010 010 2
00001 0001 3
00010 000001 4
1 011 5
011 00001 6
00011 0000000 P
0011 0000001 8

4.3CHR_CBPHP

BPHP is a syntax element that specifies the chréma components have non-zero CBPHP in a b
d in subclause 8.7.17.1. The VLC used to parse CHR CBPHP is specified in Table 62.

Table 62 — Code table for CHR. CBPHP, VAL_INC, and CBPHP_CH_BLK

Code Value
1 0
01 1
00 2

E — Non-zero residual €BPHP in a) U component blocks are indicated by CHR_CBPHP = 0, b) V compot

ated by CHR_CBPHP,='1, and c) both U and V component blocks are indicated by CHR_CBPHP = 2.
4.4VAL_INC
NC is a\syntax element that refines the CBPHP of a block-group as specified in subclause §

BLKCBPHP plus 1 is greater than or equal to 9. The VLC that specifies the parsing of VAL INC i
D,

ISO/IEC 29199-2:2012(E)

ock-group as

ent blocks are

7.17.1 when
5 specified in

8.7.17.4.5CODE_INC

CODE INC is a syntax element that specifies the location of coded blocks in a block-group as specified in
subclause 8.7.17.1. The size of this syntax element is specified by iFLC[iVal], where iFLC][ | and iVal are specified in

subclau

se 8.7.17.2.

8.7.17.4.6NUM_CH_BLK

When INTERNAL CLR FMT is equal to YUV444, NUM_CH_BILK is a syntax element that specifies the number of
coded chroma blocks in a 2x2 block-group as specified in subclause 8.7.17.1. The VLC that specifies the parsing of
NUM_CH _BLK is specified in Table 63.
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Table 63 — Code table for NUM_CH_BLK

Code Value
1 0
01 1
000 2
001 3

When INTERNAL CILR FMT is equal to YUV422. CBPHP _CH BIK is a syntax element that refines the chroma

CBPHP for 4
specified in T

able 62.

8.7.174.8REF_CBPHP1

REF_CBPHE
subclause 8.7

8.7.17.49R
REF_CBPHH

8.7.17.5 CH

The CBPHP
The predictig
components
components }
by subclause
as specified b

EF_CBPHP

PHP prediction

y subclause 8,10.2.

72

Table 64 — Code table for REF_CBPHP1

Code Value
00 3
01 5
100 6
101 9
110 10
111 12

is a 2-bit syntax element that refines the\CBPHP of a block-group as specified in subclause 8.7.17.1].

block-group as specified in subclause 8.7.17.1. The VLC that specifies the parsing of CBPHP_CH |BLK is

1 is a variable size syntax element that refines the CBPHP of a block-gteup as specffied in
.17.1. The VLC that specifies the parsing of REF_CBPHP1 is specified in Table 64.

pf neighbouring blocks is used\te predict the CBPHP of current block as specified by subclause 8.7.17.5.1.
n of CBPHP in each compenent is performed independently. The prediction of CBPHP for the U and V
in the YUV422 case is,_specified by subclause 8.7.17.5.3.The prediction of CBPHP for the U] and V
n the YUV420 is speeified by subclause 8.7.17.5.4. In all other cases, the prediction of CBPHP is specified
8.7.17.5.2. After the"CBPHP of the current block is reconstructed, the CBPHP prediction model is updated
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8.7.17.5.1 PredCBPHP()

Table 65 — Pseudocode for function PredCBPHP( )

PredCBPHP(iDiffCBPHP| ]) { Reference
blnitializeContext =
(IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (bInitializeContext)
InitializeCBPHPModel( ) 8.10.1
if INTERNAL_CLR_FMT ==YUV420 ||
INTERNAL CLR FMT ==YUV422)
iComponent = 1
else
iComponent = NumComponents
for (i = 0; i <iComponent; i++)

MBCBPHP[MBx][MBy][i] = PredCBPHP444(i, iDiffCBPHP) 8.7.17.52
if INTERNAL CLR FMT == YUV422) {

MBCBPHP[MBx][MBy][1] = PredCBPHP422(1, iDiffCBPHP) 8.7.1053

MBCBPHP[MBx][MBy][2] = PredCBPHP422(2, iDiffCBPHP) 87.17.5.3
} else if INTERNAL CLR_FMT = = YUV420) {

MBCBPHP[MBx][MBy][1] = PredCBPHP420(1, iDiffCBPHP) 8.7.17.54

MBCBPHP[MBx][MBy][2] = PredCBPHP420(2, iDiffCBPHP) 8.7.17.54

8.7.17.5.2 PredCBPHP444( )

Table 66 — Pseudocode for.function PredCBPHP444( )

PredCBPHP444(i, iDiffCBPHP) { Reference
cl=0
if 1>0)
cl=1
iCBPHP = iDiffCBPHP][i]
if (CBPHPModelHP.€BPHPState[c1] == 0) {
if IsMBLeftEdgeofTileFlag)
if IsMBTopEdgeofTileFlag)
iCBPHP "= 1
elsé
iCBPHP "= (MBCBPHP[MBx][MBy—1][i] >> 10) & 1)

else
iCBPHP "= (MBCBPHP[MBx—1][MBy][i] >> 5) & 1)
iCBPHP "= (0x02 & (iCBPHP << 1))
iCBPHP "= (0x10 & (iCBPHP << 3))
iCBPHP "= (0x20 & (iCBPHP << 1))
iCBPHP "= ((iCBPHP & 0x33) << 2)
iCBPHP A= (GCBPHP & 0x00CC) << 6)
iCBPHP "= ((iCBPHP & 0x3300) << 2)
} else if (CBPHPModelHP.CBPHPState[cl] == 2)
iCBPHP "= 0x0000FFFF
iNOrig = Numones(iCBPHP)
UpdateCBPHPModel(c1, iNOrig) 8.10.2
return iCBPHP
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8.7.17.5.3PredCBPHP422( )

Table 67 — Pseudocode for function PredCBPHP422( )

PredCBPHP422(i, iDiffCBPHP| ]) { Reference
iCBPHP = iDiffCBPHP][i]
if (CBPHPModelHP.CBPHPState[1] == 0) {
if IsMBLeftEdgeofTileFlag)
if IsMBTopEdgeofTileFlag)
iCBPHP "= 1
else
iCBPHP "= ((MBCBPHP[MBx][MBy—1][i] >>6) & 1)

else
iCBPHP "= ((MBCBPHP[MBx—1][MBy][i] >> 1) & 1)
iCBPHP "= ((iCBPHP & 0x01) << 1)
iCBPHP "= ((iCBPHP & 0x03) << 2)
iCBPHP "= ((iCBPHP & 0x0C) << 2)
iCBPHP "= ((iCBPHP & 0x30) << 2)
} else if (CBPHPModelHP.CBPHPState[1] == 2)
iCBPHP "= 0x00FF
iNOrig = Numones(iCBPHP) * 2
UpdateCBPHPModel(1, iNOrig) 8.10.2
return iCBPHP

8.7.17.5.4PredCBPHP420( )

Table 68 — Pseudocode for function PredCBPHP420( )

PredCBPHP420(i, iDiffCBPHP[ ]) { Reference
iCBPHP = iDiffCBPHPJi]
if (CBPHPModelHP.CBPHPState[ 1]~ = 0) {
if (IsMBLeftEdgeofTileFlag)
if IsMBTopEdgeofTilePlag)
iCBPHP "= 1
else
iCBPHPY= (MBCBPHP[MBx][MBy—1][i] >>2) & 1)

else
iCBPHR*= (MBCBPHP[MBx—1][MBy][i] >>1) & 1)
iCBPHP“= (0x02 & (iCBPHP << 1))
iCBPHP "= ((iCBPHP & 0x3) << 2)
} else if (CBPHPModelHP.CBPHPState[1] == 2)
iCBPHP "= 0xOF
iNOrig = Numones(iCBPHP) * 4
UpdateCBPHPModel(1, iNOrig) 8.10.2
return iCBPHP

-

8.7.18 Macroblock high-pass
8.7.18.1 General

The presence of non-zero HP coefficients in j-th block in color component is specified by
((MBCBPHP[MBx][MBYy][i] >>j) & 1), where the blocks are scanned in the hierarchical raster scan order specified in
subclause 8.7.17.1. If there are non-zero coefficients in a block, these coefficients are parsed by invoking the process
DECODE BLOCK_ ADAPTIVE(), specified in subclause 8.7.18.4, which, in turn, invokes the process
DECODE BLOCK( ), specified in subclause 8.7.18.5, for parsing the coefficients, and invokes the process
AdaptiveHPScan( ) to determine the inverse scanning order of the coefficients.

74 © ISO/IEC 2012 — All rights reserved


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

8.7.18.2 MB_HP()

Table 69 — MB_HP( ) syntax structure
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MB_HP() {

Descriptor

Reference

/* IsCurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane, and

IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary image plane */

iBand = 2

iHierScanOrder[ ]= {0, 1,4,5,2,3,6,7,8,9, 12,13, 10, 11, 14, 15}

blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (bInitializeContext) {

InitializeHPVLC( )

8.8.3.3

InitializeAdaptiveScanHP( )

8. 1.

InitializeModeIMB(ModelHP, iBand)

8127

!

bResetTotals = (MBx — LeftMBIndexOfTile[ TileIndexx]) % 16) == 0)

if (bResetTotals)

ResetTotalsAdaptiveScanHP( )

8.11.p

iLapMean[ ] = {0, 0}

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

bChroma = (i > 0)

iNBlocks = 4

if (bChroma && INTERNAL CLR FMT == YUV420)

iNBlocks = 1

else if (bChroma && INTERNAL CLR FMT == YUV422)

iNBlocks =2

iCBPHP = MBCBPHP[MBx][MBy][i]

for (iBlock = 0; iBlock < iNBlocks * 4; iBlock++) {

iBlockMap = iBlock

if (iNBlocks == 4)

iBlockMap = iHierScanOrder[iBlock]

for (k=0; k <16; k++)

HPInputVLC[i][iBlock][k] = 0

iNumNonZero =
DECODE BLOCK ADAPTRE(ICBPHP & 1, bChroma, i, iBlockMap)

8.7.18.4

iLapMean[bChroma] += iNumNonZero

iCBPHP >>=1

}

}

ModelBitsMBHP[MBx]fMBy][0] = ModelHP MBits[0]

ModelBitsMBHP[MBXJ[MBy][1] = ModelHP MBits[1]

UpdateModelMB@ELapMean[ ], ModelHP, iBand)

8.12.

\>J

bResetContexts (MBx = = (LeftMBIndexOfTile[ TileIndexx + 1] — 1) ||

(MBx LeftMBIndexOfTile[ TileIndexx]) % 16 == 0)

if (bResetContext)

AdaptHP()

8.8.413
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8.7.18.3 MB_HP_FLEX()

76

Table 70 - MB_HP_FLEX( ) syntax structure

MB_HP FLEX() {

Descriptor Reference

/* IsCurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane, and
IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary image plane */

iBand = 2

iHierScanOrder[ ]= {0, 1,4,5,2,3,6,7,8,9, 12,13, 10, 11, 14, 15}

blnitializeContext = (IsSMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (bInitializeContext) {

InitializeHPVLC( )

8.8.3.3

nitializeAdaptiveScanHP( )

8.11.3

nitializeModelMB(ModelHP, iBand)

8.12.1

!

bRegetTotals = (MBx — LeftMBIndexOfTile[ TileIndexx]) % 16) == 0)

if (bResetTotals)

ResetTotalsAdaptiveScanHP( )

8.11.5

iLagMean][ ] = {0, 0}

for (ji = 0; i < NumComponents; i++) {

Index =0

bChroma =1>0

(> 0)

ilndex =1

ModelBits = ModelHP.MBits[ilndex]

NBlocks =4

f (bChroma && INTERNAL CLR FMT = = YUV420)

iNBlocks = 1

lse if (bChroma && INTERNAL CLR FMT == YUV422)

iNBlocks =2

CBPHP = MBCBPHP[MBx][MBy][i]

or (iBlock = 0; iBlock < iNBlocks*4; iBlock++) {

iBlockMap = iBlock

if (iNBlocks == 4)

iBlockMap = iHierScanOrder[iBlock]

for (k=0; k <16; k++)

HPInputVLCJi][iBlock][k] =0

iNumNonZero =
DECODE BLOCK ADAPTIVE(iCBPHP & 1, bChroma, i, iBlockMap)

8.7.18.4

if (BANDS PRESENT. !=NOFLEXBITS)

BLOCK FLEXBITS(i, iBlockMap, iModelBits, TRIM_FLEXBITS)

8.7.19.2

iLapMean[bChroma} += iNumNonZero

iCBPHP >>=]

}

ModelBitsMBHP[MBx][MBy][0] = ModelHP.MBits[0]

ModelBitsMBHP[MBx][MBy][1] = ModelHP.MBits[ 1]

UpdpteModelMB(iLapMean][ ], ModelHP, iBand)

8.12.2

| AR SR W et SR BPA V- siE B 2= 1T B S 17 PR
bRCbCl\/UULC)&l — UVIDA — = (LCIUVIDHIUTAUT TIIC] THTIHIUCAX 1 | )11

(MBx — LeftMBIndexOfTile[ TileIndexx]) % 16 == 0)

if (bResetContext)

AdaptHP()

8.8.4.3
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Table 71 - DECODE_BLOCK_ADAPTIVE() syntax structure

DECODE BLOCK ADAPTIVE(bNoSkip, bChroma, iComponent, iBlock) {

Descriptor

Reference

iBand=2/*0=DC1=LP,2=HP */

for (1=0;i<32; i++)

iLocalCoeft]i] =0

iLocation = 1

iNumNonZero = 0

if (bNoSkip) {

iNumNonZero =

8.7.18.5

DECODE BLOCK(bChroma, iLocalCoeff] ], iBand, iLocation)

k = iLocation

for (kk = 0; kk <iNumNonZero; kk++) {

k += iLocalCoeft[kk * 2]

AdaptiveHPScan(iComponent, iBlock, k, iLocalCoeff[kk * 2 + 1])

8.11.7

k++

}

}

return iNumNonZero
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8.7.18.5 DECODE_BLOCK()

Table 72 —- DECODE_BLOCK( ) syntax structure

DECODE BLOCK(bChroma, iCoeff] |, iBand, iL.ocation) { Descriptor | Reference
iNumNZ = 1
iFirstindex = DECODE _FIRST INDEX(bChroma, iBand) 8.7.18.8
SIGN FLAG u(1) 8.7.14.4

iSR = (iFirstIndex & 1)
iSRn = (iFirstindex >> 2)
iContext = (iSR & iSRn)
if (iFirstIndex & 2)
iCoeff[1]= DECODE ABS LEVEL(iBand, bChroma, iContext) 8.7.13

Plse
iCoeff[1] =1
f(SIGN FLAG)
iCoeff] 1] = —iCoeff] 1]
Coeff[0] =0
f (iSR == 0)
iCoeff[0] = DECODE_RUN(15 — iLocation) 8.7.18.6
Location += iCoeff]0] + 1
while (iSRn !=0) {
iSR = (iSRn & 1)
iCoeff[iNumNZ * 2] =0

if (SR==0)

iCoeff[iNumNZ * 2] = DECODE RUN(15 — iLocation) 8.7.18.6
iLocation += (iCoeff[iNumNZ * 2] + 1)
ilndex = DECODE INDEX(iLocation, bChroma, iBand, iContext) 8.7.18.7

iSRn = (ilndex >> 1)
iContext &= iSRn

SIGN FLAG u(l) 8.7.14.4
if (ilndex & 1)
iCoeff[(iNumNZ *2) + 1] = 8.7.13

DECODE ABS LEVEL(iBand, bChroma, iContext)

else

iCoeff{[(iINumNZ *2) + 1] =1
if (SIGN_FLAG)

iCoeff[(iINumNZ * 2) -1}=—=iCoeff] (iNumNZ * 2) + 1]
iNumNZ++

Feturn iNumNZ
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8.7.18.6 DECODE_RUN()

Table 73 —- DECODE_RUN( ) syntax structure

DECODE RUN(iMaxRun) { Descriptor Reference
iRemap[ ]={1,2,3,5,7,1,2,3,5,7,1,2,3,4,5}
iRunBin[ ]={-1,-1,-1,-1,2,2,2,1,1,1,1,0,0,0, 0}
iRunFixedLength[ ]={0,0,1,1,3,0,0,1,1,2,0,0,0,0, 1}
if (iIMaxRun < 5) {

iRun =1,
if (iIMaxRun !=1) {
RUN VALUE e(v) 8.7.18.9.1
iRun = RUN VALUE
}
} else {
RUN INDEX e(v) 8.7718.9.2

ilndex = RUN INDEX + 5* iRunBin[iMaxRun]
iFixed = iRunFixedLength[ilndex]
iRun = iRemap[ilndex]
if (iFixed) {
RUN REF u(iFixed) 8.7.18.9.3
iRun += RUN REF

H

}

return iRun
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8.7.18.7 DECODE_INDEX()

Table 74 - DECODE_INDEX( ) syntax structure

DECODE INDEX(iLocation, bChroma, iBand, iContext) {

Descriptor Reference

/* sAdaptVLC is local instance of AdaptiveVLC data structure */

if iBand == 1) /* LP */

if (bChroma)

if (iContext)

sAdaptVLC = DecIndLPChrl1

else

sAdaptVLC = DecIndLPChr(

else /* Luma */

if (iContext)

sAdaptVLC = DecIndLPLuml

else

sAdaptVLC = DecIndLPLum0

else if (iBand == 2) /* HP */

if](bChroma)

if (iContext)

sAdaptVLC = DecIndHPChr1

else

sAdaptVLC = DecIndHPChr(

else /* Luma */

if (iContext)

sAdaptVLC = DecIndHPLum1

else

sAdaptVLC = DecIndHPLum(

if (iLgcation < 15) {

INDEX A /* variable-length parse with sAdaptVLC */

ae(v) 8.7.18.9.4

/| update the discriminants for sAdaptVLC */

w2

AdaptVLC DiscrimVall +=
Index1Delta[sAdaptVLC.DeltaTablelndex][INDEX A]

Table 88

w

AdaptVLC DiscrimVal2 +=
Index1Delta[sAdaptVLC.Delta2 Tablelndex][INDEX A]

Table 88

ilhdex = INDEX A

} elsqif (iLocation == 15) {

INDEX_B

e(v) 8.7.18.9.5

ilhdex = INDEX B

} elsq {

INDEX C FLAG

u(D) 8.7.18.9.6

ilhdex = INDEX C FLAG

}

returr] ilndex

80
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8.7.18.8 DECODE_FIRST_INDEX()

Table 75 — DECODE_FIRST INDEX( ) syntax structure

DECODE FIRST INDEX(bChroma, iBand) { Descriptor Reference
/* sAdaptVLC is local instance of AdaptiveVLC data structure */
if iBand==1) /*LP ¥

if (bChroma)
sAdaptVLC = DecFirstiIndLPChr
else /* Luma */
sAdaptVLC = DecFirstindLPLum
else if (iBand == 2) /* HP */

if (bChroma)
sAdaptVLC = DecFirstindHPChr

else /* Luma */
sAdaptVLC = DecFirstindHPLum

FIRST INDEX /* Decode with sAdaptVLC */ ae(V) 8.1.18.9.7

* update Discriminants for sAdaptVLC */

KAdaptVLC.DiscrimVall += Tqble 87
FirstIndexDelta[sAdaptVLC.DeltaTableIndex][FIRST INDEX]

sAdaptVLC.DiscrimVal2 += Tqble 87

FirstIndexDelta[sAdaptVLC.Delta2 TableIndex][FIRST INDEX]
eturn FIRST INDEX

8.7.18.9 Block-level semantics

8.7.18.9.1 RUN_VALUE

RUN_VALUE is a variable-length syntax element that igjpresent when iMaxRun is greater than 1 and iMpxRun is less
than 5. [It specifies the value of run. If iMaxRun is &qual to 2, the parsing of RUN_VALUE is specified| by Table 76.
Otherwjse, if iMaxRun is equal to 3, the parsing €f'RUN_ VALUE is specified by Table 77. Otherwise, (if iMaxRun is
equal td 4), the parsing of RUN_VALUE is specificd by Table 78.

Table 76 — Code table of RUN_VALUE if iMaxRun ==

Code Value
1 1
0 2

Table 77 — Code table of RUN_VALUE if iMaxRun = =

Code Value
1 1
01 2
00 3

Table 78 — Code table of RUN_VALUE if iMaxRun ==

Code Value
1 1
01 2
001 3
000 4
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8.7.18.9.2RUN_INDEX

RUN_INDEX is a variable-length syntax element that is present when iMaxRun is greater than or equal to 5. It specifies
the value of iRun in subclause 8.7.18.6. The parsing of RUN_INDEX is specified by Table 79.

Table 79 — Code table of RUN_INDEX

Code Value
1 0
01 1
001 2
0000 3
00T L3

8.7.18.9.3RUUN_REF

RUN_REF is

a fixed-length syntax element that specifies the value of iRun in subclause 8.7.18.6. Thé presence

of the RUN_REF syntax element is indicated by iFixed, as specified in subclause 8.7.18.6.

8.7.18.94INDEX A

INDEX A is|a variable-length syntax element that is present when iLocation is less than 151t has a value in the
0 to 5, inclugive. The coding of this symbol uses one of four tables. The choice of\table is adaptively deternpined as
specified in spbclause 8.8.4. The VLC tables are specified in Table 80.

Table 80 — Code table for INDEX A

Code ) | Codel [ Code2 | Code3 Value
1 01 0000 0 0000 0
00000 | 0000 0001 00001 1
001 10 01 01 2
00001 0001 10 1 3
01 11 11 0001 4
0001 001 001 001 5

INDEX_A jointly codes the following two events:

hind size

ange of

— The bjinary event of whether the magnitude of the next non-zero coefficient is equal to 1 or greater tHan 1 as
follows:

- If (JINDEX A & 1) is equal to 0, this magnitude is equal to 1.

- OtHerwise, this magnitude i$\greater than 1.

— The t¢rnary of event whether this coefficient is the last coefficient in the block, and if there are more rjon-zero
coeffigients, whether the-run before the next non-zero coefficient is zero or non-zero, as follows:

- If (INDEX_ A >>1) is equal to 0, this coefficient is the last coefficient in the block.

- Otherwise, ifdNDEX A >> 1) is equal to 1, the run before the next non-zero coefficient is zero.

— Otherwise)(i.e. when (INDEX A >> 1) is equal to 2), the run before the next non-zero coefficient is nony-zero.
NOTE — Thus INDEX_A has an alphabet size of 2*3= 6.

8.7.18.9.5INDEX B

INDEX B is a variable-length syntax element that is present when iLocation is equal to 15. It has a value in the range of
0 to 3, inclusive. The VLC table is specified in Table 81.

82

Table 81 — Code table for INDEX B

Code Value
0 0
10 2
110 1
111 3
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INDEX_B jointly codes the following two events:

NO

8.7.189.6INDEX_C_FLAG

The binary event of whether the magnitude of the next non-zero coefficient is equal to 1 or greater than 1 as
follows:

- If (INDEX B & 1) is equal to 0, this magnitude is equal to 1.
— Otherwise, this magnitude is greater than 1.

The binary event of whether this coefficient is the last coefficient in the block or if there are more non-zero
coefficients, as follows:

- If INDEX B >> 1) is equal to 0, this coefficient is the last coefficient in the block.

— Otherwise, the run before the next non-zero coefficient is zero.

E=Thus INDEX B s amaipimbetsizeof 242==-

INDEX| C FLAG is a 1-bit syntax element that is present when iLocation is equal to 16. It specifies thg presence of

subseqyent run/level symbols.

8.7.18.90.7FIRST_INDEX

FIRST [INDEX is a variable-length syntax element that has a value in the range of 0 to 11, inclusive. The ¢oding of this

syntax

VLC taples are specified in Table 82.

FIRST |INDEX jointly codés the following three events:

blement uses one of five tables. The choice of table is adaptively determined as specified in subclayse 8.8.4. The

Table 82 — Code table for FIRST._INDEX

Code 0 Code 1 | Code2 Code-3 Code 4 Value
0000 1 0010 11 007 010 0
0000 01 0001 0 001 11 1 1
0000 000 [ 0000 00 [ 0000 000.+{)0000 000 | 0000 001 2
0000 001 | 0000 01 [ 0000 061 | 0000 1 0001 3
00100 0011 0000, 1 0001 0 0000010 4
010 010 010 010 011 5
00101 0001 1 0000 010 | 0000 001 | 0000 0000 | 6
1 11 011 011 0010 7
00110 0kl 100 0001 1 0000011 8
0001 100 101 100 0011 9
0011 1 0000 1 0000011 | 0000 01 0000 0001 | 10
011 101 0001 101 0000 1 11

[he binary event of whether the run before the first non-zero coefficient is non-zero or zero as follows:
- If (FIRST) INDEX & 1) is equal to 0, this run is non-zero.

- Otherwise this run is zero.

[helbinary event of whether the magnitude of the first non-zero coefficient is equal to 1 or gredter than 1 as
ollows:

- If (FIRST_INDEX & 2) is equal to 0, this magnitude is equal to 1.

— Otherwise, this magnitude is greater than 1.

The ternary event of whether the first coefficient is the last coefficient in the block, and if there are more non-zero
coefficients whether the run before the next non-zero coefficient is zero or non-zero, as follows.

— If (FIRST_INDEX >>2) is equal to 0, the first coefficient is the last coefficient in the block.
— Otherwise, if (FIRST _INDEX >> 2) is equal to 1, the run before the next non-zero coefficient is zero.

— Otherwise ((FIRST _INDEX >>2) is equal to 2), the run before the next non-zero coefficient is non-zero.

NOTE — Thus FIRST INDEX has an alphabet size of 2*3*3 = 12.
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8.7.19 Macroblock FLEXBITS

8.7.19.1 MB_FLEXBITS()

8.7

84

Table 83 — MB_FLEXBITS( ) syntax structure

MB FLEXBITS() { Descriptor Reference
/* IsCurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane,
and IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary
image plane */
iHierScanOrder[ ]= {0, 1,4,5,2,3,6,7,8,9, 12,13, 10, 11, 14, 15}
for (i = 0; i < NumComponents; i++) {
1Index =0
if (i>0)
ilndex = 1
iModelBits = ModelBitsMBHP[MBx][MBy][iIndex]
iNBlocks = 4
if ((ilndex == 1) && (INTERNAL CLR FMT ==YUV420))
iNBlocks = 1
else if (ilndex && (INTERNAL CLR _FMT == YUV422))
iNBlocks = 2
for (iBlock = 0; iBlock < iNBlocks * 4; iBlock++) {
iBlockMap = iBlock
if (iNBlocks ==4)
iBlockMap = iHierScanOrder[iBlock]
BLOCK_FLEXBITS(), iBlockMap, iModelBits, TRIM_FLEXBITS) 8.7.19.2
}
}
NOTE - Iformative remarks related to this subclause are proyided in subclause D.9.
.19.2 BHOCK FLEXBITS()
Table 84 ~BLOCK_FLEXBITS() syntax structure
BLOCK FLEXBITS(iComponent, iBlock, iModelBits, iTrimFlexBits) { Descriptor Reference
iTrafspose444[ 1= {0, 4, 8, I2,\5,9,13,2,6,10, 14,3,7, 11, 15}
iFlexBitsLeft = iModelBits,— iTrimFlexBits
if (iflexBitsLeft < 0)
iFlexBitsLeft =0
if (iHlexBitsLeft)

for (n =1;0:16; n++)

HPnputFlex[iComponent][iBlock][iTranspose444[n]]=
DECODE_FLEX(HPInputVLC[iComponent][iBlock][iTranspose444[n]],
iFlexBitsLeft) << iTrimFlexBits

8.7.19.3
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8.7.19.3 DECODE_FLEX()

Table 85 - DECODE_FLEX( ) syntax structure

DECODE FLEX(iVLCCoeff, iFlexBitsLeft) { Descriptor Reference
FLEX REF u(iFlexBitsLeft) [ 8.7.19.4.1
if IVLCCoeft > 0)
iFlexCoeff = FLEX REF
else if (IVLCCoeff < 0)
iFlexCoeff = —FLEX REF
else {
iFlexCoeff = FLEX REF

8.7.19.

8.7.19.

FLEX _
specifig

8.8

8.8.1

Adaptiy
provide
designe
table is
adaptat

Let the
similari
of simil
coding
a metriq
is precq
symbol
less effj

if (iFlexCoeff) {
SIGN FLAG u(l) 8.7.14.4

if (SIGN FLAG)
iFlexCoeff = —iFlexCoeff

}

}

return iFlexCoeff

4 FLEXBITS semantics
4.1FLEX REF

REF is a syntax element that specifies the flexbits part of the HP coefficient. The size of this synt
d by iFlexBits.

Adaptive VLC code table selection

General

e VLC Table Selection is a process by which the entropy coding method adapts to image statis
5 better compression. First, a smallynumber of representative VLC tables are predefined. Thg
d so as to be suitable for a widerange of statistics. During the entropy coding process, the most apy
selected based on the historylof recently-coded symbols. The VLC tables and the information
on are precomputed as follows

set of VLC tables be; wT1, vT2, ..., vIn where the ordering of the tables is predefined based on
ty. That is vT1 and v T2 exhibit greater similarity to each other than vT1 and vT3 do to each other.
arity between tables can be qualified by using relative entropy. Let table vTi be a VLC table use
bf symbol iX,«and let vTj and vTk be the two nearest tables (in terms of similarity). For each value
deltaDisc éstimating the relative advantage of coding this value using table vTj or table vTk instea
mputedsand stored in tables vTi.DeltaTableIndex and vTi.Delta2TableIndex. This deltaDisc is p

ciéntly coded by the new table instead of the current table. For example, if a given value of the sy

hx element is

tics and thus
se tables are
ropriate code
required for

their relative
The measure
d for entropy
bf symbol iX,
 of table vTi
bsitive if this

is mere¢efficiently coded by the new table instead of the current table. This deltaDisc is negative if this symbol is

mbol requires

3 bits i

he new table

and the

the new table while it rPn_niqu 3 hits in the current table this value is maore efficiently coded in

corresponding deltaDisc is (5 — 3 = 2).

The Table selection proceeds as follows: After entropy coding a symbol, the adaptation process computes the relative
advantage of the two nearest tables for coding this symbol. The weights obtained from the tables vTi.DeltaTableIndex
and vTi.Delta2TableIndex are added to two discriminants, vTi.DiscrimVall and vTi.DiscrimVal2, that are used for
accumulating the statistics regarding code table transition. The AdaptVLCTablel() (subclause 8.8.4.4) and the
AdaptVLCTable2( ) (subclause 8.8.4.5) pseudocode functions specify how these discriminants are compared to
predefined threshold, and decide whether to continue to use the current table or to transition to one of the nearest table. If

there is

a transition, the discriminants are reset to zero.
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As the discriminants are computed based on previously coded symbols both at the encoder and at the decoder, there is no
need for additional side information to signal the selected VLC. For coding some symbols, there are only two code
tables, and there is only one possible transition. The adaptation complexity is further reduced in these cases as there is
only the DeltaTableIndex and only one discriminant is required.

NOTE - Informative remarks related to this subclause are provided in subclause D.9.

8.8.2  Adaptive VLC deltaDisc tables

When a syntax element is parsed using a VLC having a code table that can be adaptively selected, the associated
AdaptiveVLC data structure's member variables DiscrimVall and DiscrimVal2 are modified by adding an amount
deltaDisc. The specific value of this deltaDisc is dependent on the syntax element being parsed, the VLC Code Table
currently being used to parse this syntax element, the current value of this syntax element, and (when there are two
discriminanty) which discriminant is being modified.

Based on thgse factors, the appropriate values of deltaDisc are specified by collecting them in tables. For,each syntax
element, a diptinct collection of tables of deltaDisc values are defined; in the sequel these tables will be 'called dgltaDisc
tables. A synfax element which is parsed using adaptive VLC tables will have N code tables for each syntax element, for
some positivg integer N > 1. If there are N code tables for a syntax element, there are N — JndeltaDisc tables (one
deltaDisc tafjle for switching between code tables i and i + 1, for i ranging between 0 and\N' — 2 inclusiye). The
AdaptiveVL( data structure associates to DiscrimVall the associated variable DeltaTablelndex (Delta2Tablelndex for
DiscrimVal2); DeltaTableIndex defines which of the N — 1 deltaDisc tables is in use for the current macroblock.

The syntax element itself takes values between 0 and M — 1, where M represents_the nmumber of entries in thig syntax
element's code table. For each of these values, there is defined an associated deltaDisc value. In this way, when the
syntax element takes the value iVal, the modification of an AdaptiveVLC data_structures discriminants is spedified as
follows (here] sAdaptVLC is a local variable used in place of particular AdaptiveVLC data structure instance):

- sAdaptVLC . DiscrimVall is incremented by deltaDisc[sAdaptVLE.DeltaTablelndex][iVal].
- sAdaitVLC.DiscrimVaD is incremented by deltaDisc[sAdaptVIIC.Delta2TableIndex][iVal].

Table 86, Table 87, Table 88, Table 89, Table 90, and Table 91 speeify the set of deltaDisc code tables for adaptiye VLC
syntax elemepts.

For the syntgx element ABS LEVEL INDEX (subclause 8:7.14.5), there is one deltaDisc table for switching between
Code Tables P and 1, as specified in Table 86.

Table 86 — Constant table AbslevellndexDelta|m][n]

Index value Value for
n m=0
0 1
1 0
2 -1
3 -1
4 -1
5 -1
6 -1

For the syntax element FIRST INDEX (subclause 8.7.18.9.7), there are four Delta tables, with the table associating a
different deltaDisc value for each DeltaTablelndex and each value of FIRST INDEX; the deltaDisc values are specified
in Table 87.
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Table 87 — Constant table FirstindexDelta[m][n]

Index value Value for Value for Value for Value for
n m=0 m=1 m=2 m=3
0 1 2 -1 0
1 1 2 1 1
2 1 -1 0 0
3 1 -1 2 1
4 1 -1 0 -2
5 Y Y Y 0
6 0 -2 0 -1
7 -1 -1 0 -1
8 2 0 -2 N
9 1 0 0 -1
10 0 -2 1 -2
11 0 -1 1 -2

syntax element INDEX A (subclause 8.7.18.9.4), there are threg-Delta tables, as specified by Table

Table 88 — Constant table Index1Delta[m][n]

Index value Value for Value for Value for

n m =0 m=1 m=2
-1 -2 -1

1 1 0 -1

2 1 0 0

3 1 2 1

4 0 0 -2

5 1 0 0

syntax elementNUM_CBPHP (subclause 8.7.17.4.1), there is one deltaDisc table for switching b
and 1 as speeified in Table 89.

Table 89 — Constant table NumCBPHPDelta|m][n]

R8.

etween Code
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Index value Value for
n m=0
0 0
1 -1
2 0
3 1
4 1
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For the syntax element NUM_BLKCBPHP (subclause 8.7.17.4.2), there is one deltaDisc table for switching between
Code Tables 0 and 1. In the case where the INTERNAL CLR _FMT is YONLY, NCOMPONENT, or YUVK, the code
tables have five symbols and the deltaDisc table is specified by Table 90.

Table 90 — Constant table NumBIkKCBPHPDelta[m][n]
when INTERNAL _CLR_FMT is
YONLY, NCOMPONENT, or YUVK

Index value Value for
m =0
0
1 !
2 0
3 1
4 1

For all other values of INTERNAL CLR FMT, the code table for NUM_BLKCBPHP has nine symbols, jand the
deltaDisc table is specified by Table 91.

Table 91 — Constant table NumBIKCBPHPDelta
for INTERNAL_CLR_FMT other than
YONLY, NCOMPONENT,and’'YUVK

Index value Value for
n m =0
0 2
1 2
2 1
3 1
4 -1
5 -2
6 -2
7 -2
8 -3

8.8.3 Initialization

The relevant adaptive VLC data structures that are associated with each of the three bands DC, LP and HP are initialized
by the functions InitializeDCVLC( ), InitializeLPVLC(), and InitializeHPVLC( ). These functions are specified in
subclauses 8.8.3.1, 8.8.3.2, and 8.8.3.3, respectively. The adaptive VLC structure associated with CBPHP is initialized by
the function InitializeCBPHPVLC( ) that is specified in subclause 8.8.3.4.

These functions in turn make use of the functions InitializeVLCTablel( ) and InitializeVLCTable2( ) which are specified
in subclauses 8.8.3.5 and 8.8.3.6, respectively.

NOTE - InitializeVLCTablel( ) is used for initializing VLC code tables when there are exactly two code tables. If there are more
than two code table tables, InitializeVLCTable2( ) is used.
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8.8.3.1 InitializeDCVLC()

Table 92 — Pseudocode for function InitializeDCVLC()

InitializeDCVLC() { Reference
AbsLevellndDCLum = InitializeVLCTable1(AbsLevellndDCLum) 8.8.3.5
AbsLevellndDCChr = InitializeVLCTable1(AbsLevellndDCChr) 8.8.3.5

i

8.8.3.2 InitializeLPVLC()

Table 93 — Pseudocode for function Initialize LPVLC()

Initialize LPVLC() { Reference
DecFirstindLPLum = InitializeVLCTable2(DecFirstindLPLum) 8.8.3.6
DecIndLPLum( = InitializeVLCTable2(DecIndLPLum0) 8.88%
DecIndLPLum1 = InitializeVLCTable2(DecIndLPLum1) 8.83.6
DecFirstIndLPChr = InitializeVLCTable2(DecFirstindLPChr) 8:8.3.6
DecIndLPChr0 = InitializeVLCTable2(DecIndLPChr0) 8.8.3.6
DecIndLPChrl = InitializeVLCTable2(DecIndLPChr1) 8.8.3.6
AbsLevelIndLP0 = InitializeVLCTablel(AbsLevellndLP0) 8.8.3.5
AbsLevellndLP1 = InitializeVLCTable1(AbsLevellndLP1) 8.8.3.5

I

8.8.3.3| InitializeHPVLC()

Table 94 — Pseudocode for function InitializeHPVLC()

InitializeHPVLC( ) { Reference
DecFirstindHPLum = InitializeVLETable2(DecFirstind HPLum) 8.8.3.6
DecIndHPLum0 = InitializeVLCTable2(DecIndHPLum0) 8.8.3.6
DecIndHPLuml = InitializeVI{CTable2(DecIndHPLum1) 8.8.3.6
DecFirstindHPChr = InitializeVLCTable2(DecFirstindHPChr) 8.8.3.6
DecIndHPChr( = InitializeVLCTable2(DecIndHPChr0) 8.8.3.6
DecIndHPChr1 = InitializeVLCTable2(DecIndHPChr1) 8.8.3.6
AbsLevellndHP0'=\InitializeVLCTable1(AbsLevellndHP0) 8.8.3.5
AbsLevellndHP1= InitializeVLCTable1(AbsLevellndHP1) 8.8.3.5

}

8.8.3.4] InitializeCBPHPVLC()

Table 95 — Pseudocode for function InitializeCBPHPVLC()

InitializeCBPHPVLC( ) { Reference
DecNumCBPHP = InitializeVLCTablel(DecNumCBPHP) 8.8.3.5
DecNumBIkCBPHP = InitializeVLCTablel(DecNumBIKCBPHP) 8.8.3.5

i

8.8.3.5 InitializeVLCTablel()

Table 96 — Pseudocode for function InitializeVLCTablel()

InitializeVLCTablel(sAdaptVLC) { Reference
/* sAdaptVLC is an instance of the AdaptiveVLC data structure */
sAdaptVLC.Tablelndex = 0
sAdaptVLC.DeltaTableIndex = 0
sAdaptVLC.DiscrimVall =0
return sAdaptVLC
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8.8.3.6 InitializeVLCTable2()

Table 97 — Pseudocode for function InitializeVLCTable2()

InitializeVLCTable2(sAdaptVLC) { Reference
/* sAdaptVLC is an instance of the AdaptiveVLC data structure */
sAdaptVLC.TableIndex = 1
sAdaptVLC.DeltaTablelndex = 0
sAdaptVLC.Delta2TableIndex = 1
sAdaptVLC.DiscrimVall =0
sAdaptVLC.DiscrimVal2 = (
return sAdaptVLC

8.8.4  Update of adaptive VLC code table selection

The relevant pdaptive VLC data structures that are associated with each of the three bands DC, LLP*and HP are updlated by
the functiond AdaptDC(), AdaptLP( ), and AdaptHP(), respectively. The pseudocode for the functions AdaptDC(),
AdaptLP( ), gnd AdaptHP( ) are specified in subclause 8.8.4.1, subclause 8.8.4.2, and subclause 8.8.4.3, respectiv¢ly:

The functiorls AdaptLP() and AdaptHP() perform the updates by using the functions AdaptVLCTable]() and
AdaptVLCT4dble2( ) which are specified in subclauses 8.8.4.4 and 8.8.4.5.

8.8.4.1 AdaptDC()

Table 98 — Pseudocode for function ' AdaptDC()

AdaptDC() { Reference
AbsLevellndDCLum = AdaptVLCTablel(AbsLevellndDCLum) 8.8.4.4
AbsLevellIndDCChr = AdaptVLCTablel(AbsLevellndDCChr) 8.8.4.4

}

8.8.4.2 AdaptLP()

Table-99 — Pseudocode for function AdaptLP()

AdaptLP() { Reference
DecFirstIndlLPLum = AdaptVLCTable2(DecFirstindLPLum, 4) 8.8.4.5
DecIndEPLum0 = AdaptVLCTable2(DecInd LPLum0, 3) 8.8.4.5
DecIndE.PLuml1 = AdaptVLCTable2(DecIndLPLuml, 3) 8.8.4.5
DecFirstindLPChr = AdaptVLCTable2(DecFirstindLPChr, 4) 8.8.4.5
PecIndLPChr0 = AdaptVLCTable2(DecIndLPChr0, 3) 8.8.4.5
DecIndLPChrl = AdaptVLCTable2(DecIndLPChr1, 3) 8.8.4.5
AbsLevellndLP0 = AdaptVLCTablel(AbsLevellndLP0) 8.8.4.4
AbsLevellndLLP1 = AdaptVLCTablel(AbsLevellndLP1) 8.8.4.4

h
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8.8.4.3 AdaptHP()
Table 100 — Pseudocode for function AdaptHP()
AdaptHP() { Reference
DecFirstindHPLum = AdaptVLCTable2(DecFirstindHPLum, 4) 8.8.4.5
DecIndHPLum( = AdaptVLCTable2(DecIndHPLumo0, 3) 8.8.4.5
DecIndHPLuml1 = AdaptVLCTable2(DecIndHPLuml, 3) 8.8.4.5
DecFirstindHPChr = AdaptVLCTable2(DecFirstindHPChr, 4) 8.8.4.5
DecIndHPChr0 = AdaptVLCTable2(DecIndHPChr0, 3) 8.8.4.5
DecIndHPChr1 = AdaptVLCTable2(DecIndHPChrl, 3) 8.8.4.5
AbsLevellndHP(0 = AdaptVLCTable1(AbsLevellndHP0) 8.8.4.4
AbsLevellndHP1 = AdaptVLCTablel(AbsLevellndHP1) 8.8.4.4
DecNumCBPHP = AdaptVLCTablel (DecNumCBPHP) 8.8.4.4
DecNumBIkCBPHP = AdaptVLCTablel(DecNumBIkCBPHP) 8.8.4.4
}
8.8.4.4 AdaptVLCTablel()
AdaptV[LCTablel( )is used for choosing VLC code tables when there are exactly two/code tables. In this ¢

Tableln
VLC cd

dex takes only the values 0 or 1, and there is only one parameter (DiscrimVdll) which determines th

de tables. DeltaTableIndex takes only the value 0, and there is only the ohe deltaDisc table.

Table 101 — Pseudocode for function AdaptVLCTablel()

hse, the index
e selection of

AdaptVLCTablel(sAdaptVLC) {

Reference

/* sAdaptVLC is an instance of the AdaptiveVLC data sfructure */

iMaxTablelndex = 1 /* Only two code tables */

cLowerBound = —8

cUpperBound = 8

/* sAdaptVLC.DeltaTableIndex = 0, since,only 2 code tables */

if (sAdaptVLC.DiscrimVall < cLowerBound &&
sAdaptVLC.TableIndex !=0) {

sAdaptVLC.Tablelndex— —

sAdaptVLC.DiscrimVall =0

} else if (sAdaptVLC.DiserimVall > cUpperBound &&
sAdaptVLC.Tablelndex != iMaxTablelndex ) {

sAdaptVLC.TableIndex++

sAdaptVLC.DiserimVall =0

} else {

/* no change\to)table, but clip the discriminant */

if (sAdaptVLC.DiscrimVall <—64)

sAdaptVLC.DiscrimVall = —64

if (sAdaptVLC.DiscrimVall > 64)

sAdaptVLC.DiscrimVall = 64

¥

return SAdaptVLC

8.8.4.5

AdaptVLCTable2()

AdaptVLCTable2( ) is used for choosing VLC code tables when there are more than two possible code tables. In this
case, the index Tablelndex can take values between 0 and the maximum table index for that set of VLC Code tables. This
maximum table index is contained in the parameter iMaxTableIndex. For AdaptVLCTable2( ), there are two parameters
(DiscrimVall and DiscrimVal2) which determines the selection of VLC code tables. DiscrimVall determines whether
the code table index should be decreased, while DiscrimVal2 determines whether the code table index should be
increased.

© ISO/IE
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Table 102 — Pseudocode for function AdaptVLCTable2()

AdaptVLCTable2(sAdaptVLC, iMaxTableIndex) {

Reference

/* sAdaptVLC is an instance of the AdaptiveVLC struct */

/* iMaxTablelndex — max table index possible for this struct instance */

bChange = FALSE

iDiscrimLow = sAdaptVLC.DiscrimVall

iDiscrimHigh = sAdaptVLC.DiscrimVal2

cLowerBound = —8

cUpperBound = 8

if (iDiscrimLow < cLowerBound && sAdaptVLC.TableIndex !=0) {

sAdaptVLC.TableIndex— —

bChange = TRUE

} dlse if (iDiscrimHigh > cUpperBound &&
sAdaptVLC.TableIndex != iMaxTablelndex ) {

sAdaptVLC.TableIndex++

bChange = TRUE

if (bChange) {

sAdaptVLC.DiscrimVall =0

sAdaptVLC.DiscrimVal2 =0

if (sAdaptVLC.Tablelndex = = iMaxTableIndex) {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.Tablelndex — 1

sAdaptVLC.Delta2TableIndex = sAdaptVLC.Tablelndex — 1

} else if (sAdaptVLC.Tablelndex == 0) {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.Tablelndex

sAdaptVLC.Delta2TableIndex = sAdaptVLC.Tablelndex

} else {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.Tablelndex's 1

sAdaptVLC.Delta2TableIndex = sAdaptVLC.Tablelndex

;

} dlse { /* no change to table, but clip the discriminant¥/

if (sAdaptVLC.DiscrimVall <—64)

sAdaptVLC.DiscrimVall = —64

if (sAdaptVLC.DiscrimVall > 64)

sAdaptVLC DiscrimVall = 64

if (sAdaptVLC.DiscrimVal2 < —64)

sAdaptVLC.DiscrimVal2 =<64

if (sAdaptVLC.DiscrimVal2> 64)

sAdaptVLC DiscrimVal2 = 64

retpirn sAdaptVLC

The parsing O

specified in this subclause specify the initialization and updating of these constants.

8.9.2

InitializeCountCBPLP()

The variable CountZeroCBPLP and CountMaxCBPLP for LP coefficients are initialized by the function
InitializeCountCBPLP( ) specified in Table 103.

92

Table 103 — Pseudocode for function InitializeCountCBPLP( )

InitializeCountCBPLP() {

Reference

CountZeroCBPLP = 1

CountMaxCBPLP =1
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UpdateCountCBPLP()

The function UpdateCountCBPLP( ) updates the variables CountZeroCBPLP and CountMaxCBPLP. The pseudocode for
this function is specified in Table 104.

Table 104 — Pseudocode for function UpdateCountCBPLP()

UpdateCountCBPLP(iCBPLP, iMax) { Reference

CountZeroCBPLP += 1 — (4 * iCBPLP == ())

CountZeroCBPLP = Max(—8, Min(7,CountZeroCBPLP))

CountMaxCBPLP += | — (4 * (iCBPLP = = iMax))

CountMaxCBPLP = Max(—8, Min(7,CountMaxCBPLP))

8.10

CBPHH
functiof

8.10.1

The daj
Table 1

8.10.2

The W
Update

Adaptive CBPHP prediction

InitializeCBPHPModel( )
ta structure instance CBPHPModelHP is initialized in the function ' InitializeCBPHPModel( )

Table 105 — Pseudocode for function InitializeCBPHPModel( )

prediction depends on the value of member variables of the data structure instance CBPHPMjodelHP. The
s specified in this subclause specify the initialization and updating of this data strueture.

specified in

InitializecCBPHPModel( ) {

Reference

CBPHPModelHP.CBPHPState[0] = CBPHPModelHP.CBPHPState[1] =0

CBPHPModelHP.CountOnes[0] = CBPHPModelHP.CountOnes[1] = —4

CBPHPModelHP.CountZeroes[0] = CBPHPModelHP.CountZeroes[1] =4

UpdateCBPHPModel( )

iriables associated with the\-data structure instance CBPHPModelHP are updated by
"BPHPModel( ) as specified.in Table 106.

Table 106 — Pseudocode for function UpdateCBPHPModel( )

the function

UpdateCBRHPModel(i, iNOrig) {

Reference]

iNDiff'<3

CBPHPModelHP.CountOnes[i] += iNOrig — iNDiff

EBPHPModelHP.CountOnes[i] = Clip(CBPHPModelHP.CountOnes[i], —16,15)

CBPHPModelHP.CountZeroes[i] += 16 — iNOrig — iNDiff

CBPHPModelHP.CountZeroes[i] = Clip(CBPHPModelHP.CountZeroes[i], —16, 15)

T (€CBPHPMudetHP-CoumtOmnesfit<0)

if (CBPHPModelHP.CountOnes[i] < CBPHPModelHP.CountZeroes[i])

CBPHPModelHP.CBPHPState[i] = 1

else

CBPHPModelHP.CBPHPState[i] =2

else if (CBPHPModelHP.CountZeroes[i] <0)

CBPHPModelHP.CBPHPState[i] =2

else

CBPHPModelHP.CBPHPState[i] = 0
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8.11

Adaptive inverse scanning

The parsing of syntax elements corresponding to LP and HP coefficients depends on the state of the inverse scanning
tables LowpassScanOrder[i], HighpassHorScanOrder[i], and HighpassVerScanOrder[i]. The functions specified in this
subclause define the initialization and updating of these tables.

8.11.1 Adaptive inverse scanning tables

The inverse scanning order of transform coefficients is a permutation of the integers 1 to 15. Let the integer i represent
the order in which a given transform coefficient is parsed from the codestream, and let the local example list
listScanOrder][ ] specify an inverse scanning order as follows: the i-th transform coefficient is put into the block in the
j-th position in raster scan order, where j is equal to listScanOrder([i].

The three lis
inverse scan
coefficients i
below. Howe
zero transfori

The three 1
specified in
ScanOrderl[

s LowpassScanOrder| |, HighpassHorScanOrder| ], and HighpassVerScanOrder| ], are used to spg
ing order of LP coefficients, HP coefficients in the case of prediction from the left (subclause 9.6);
h the case of prediction from the top, respectively. These lists are initialized to scan ordersJas s
ver, the lists are adaptive, and thus may change over the course of parsing, based on the)statistics
n coefficients in the codestream.

subclauses 8.11.2 and 8.11.3. The initial orders are specified by the twp -lists ScanOrder
|, which are specified by Table 107.

Table 107 — Definitions of ScanOrder0 and ScanQrder1l

i 1 2 3 4 5 6 7 8 9 410 (11 | 12 | 13 [ 14 | 15
ScanOrder0[i] 4 1 5 8 2 9 6 | 123 |10 13| 7 |14 ] 11| 15
ScanOrderl1[i] 1 2 5 4 3 6 9 8 7 112151310 11| 14

Each of the lists LowpassScanOrder| ], HighpassHorScanOrder[ | and HighpassVerScanOrder| ] also has an as

list that deter
and Highpass
specified by

mines how the scan order is updated. These corresponding lists are LowpassTotals[ ], HighpassHor]
VerTotals[ ], respectively. These associated-lists are initialized to be equal to the list ScanTotals[ ],
[able 108.

Table 108 — Definition of ScanTotals

i 10 [ 11 [ 12 [ 13 | 14 | 15

ScanTotals][i] 32 |30 |28 |26 (24222018 |16 (14| 12| 10

The three lis
in subclause

s LowpagsScanOrder][ |, HighpassHorScanOrder|[ ], and HighpassVerScanOrder[ ] are updated as s
A1

cify the
and HP
pecified
of non-

sts LowpassScanOrder[ ], HighpassHorScanOrder[ ], and HighpassVerScanOsder[ ] are initialjzed as

[1 and

bociated
otals[ ],
vhich is

pecified

8.11.2 InitializeAdaptiveScanLP()

The adaptive inverse scanning tables for LP coefficients are initialized in the function InitializeAdaptiveScanLP( )
specified in Table 109.

Table 109 — Pseudocode for function InitializeAdaptiveScanLP()

InitializeAdaptiveScanLP() {

Reference

for (i=1;i<=15;i++) {

LowpassScanOrder[i] = ScanOrder0[i] ScanOrder0[i] specified in subclause 8.11.1

LowpassTotals[i] = ScanTotals[i] ScanTotals[i] specified in subclause 8.11.1

94
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The adaptive inverse scanning tables for HP coefficients are initialized in the function InitializeAdaptiveScanHP( )

specifie

d in Table 110.

Table 110 — Pseudocode for function InitializeAdaptiveScanHP()

InitializeAdaptiveScanHP( ) {

Reference

for (i=1;i<=15;i++) {

HighpassHorScanOrder[i] = ScanOrder0[i]

ScanOrder0[i] specified in subclause 8.11.1

8.11.4

The i
ResetT

8.11.5

The list]
in the fy

Highpaqc\ erScanQrderlil = ScanQrderl] [1]

ScanQrderlly Sch]ﬁed in-subclause 8 1

HighpassHorTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.41.

HighpassVerTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause8.11.

ResetTotalsAdaptiveScanLP()

t LowpassTotals of the adaptive inverse scanning tables for LP <Cecfficients is reset in

talsAdaptiveScanLP( ) specified in Table 111.

Table 111 — Pseudocode for function ResetTotalsAdaptiveScanLP()

the function

ResetTotalsAdaptiveScanLP() {

Reference

for i=1;1<=15; it++)

LowpassTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

ResetTotalsAdaptiveScanHP( )

5 HighpassHorTotals and HighpassVerTotals of the adaptive inverse scanning tables for HP coeffic
inction ResetTotalsAdaptiveScanHP(") specified in Table 112.

Table 112°'— Pseudocode for function ResetTotalsAdaptiveScanHP( )

ents are reset

ResetTotalsAdaptiveScanHP() {

Reference

for (i 1;1<=15; i++) {

HighpassHorTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

HighpassVerTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

8.11.6

AdaptiveLLPScan()

The function AdaptiveLPScan( ) updates the list LPInput[k], and also updates the variables associated with tracking and
modifying the LP scan order LowpassScanOrder[i] as specified in Table 113.
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Table 113 — Pseudocode for function AdaptiveLPScan()

AdaptiveLPScan(n, i, iValue) {

Reference

k=

LowpassScanOrder]i]

LPInput[n][k] = iValue

LowpassTotals[i]++

if (1> 1) && (LowpassTotals[i] > LowpassTotals[i—1])) {

valueTemp = LowpassTotals[i]

LowpassTotals[i] = LowpassTotals[i—1]

LowpassTotals[i—1] = valueTemp

valueTemp = LowpassScanOrder[i]

LowpassScanOrder[i] = LowpassScanOrder[i—1]

LowpassdScanOrder[1—1] = valuelemp

8.11.7 AdaptiveHPScan()

The function

associated w

specified in T

Table 114 — Pseudocode for function AdaptiveHPScan()

AdaptiveHPScan( ) updates the list HPInputVLC[iComponent][iBlock][k], andalso updates the variables
th tracking and modifying the HP scan orders HighpassHorScanOrder[i] and HighpassVerScanOrdler[i] as
able 114.

AdaptiveHPScan(iComponent, iBlock, i, iValue) {

Reference

if (MBHPMode == 1) { /* vertical scan order */

k = HighpassVerScanOrderfi]

HighpassVerTotals[i]++

HPInputVLC[iComponent][iBlock][k] = iValue

if((i>1) &&

(HighpassVerTotals[i] > HighpassVerTotals[i—1])) {

valueTemp = HighpassVerTotals[i]

HighpassVerTotals[i] = HighpassVerFotals[i—1]

HighpassVerTotals[i—1] = valueTenp

valueTemp = HighpassVerScanOrder]i]

HighpassVerScanOrder[i] = HighpassVerScanOrder[i—1]

HighpassVerScanOrder[i<*l | = valueTemp

}

} else { /* horizontal scan\erder */

k = HighpassHorScanOrder[i]

HighpassHorTotals[i]++

HPInputVLCli€Component][iBlock][k] = iValue

if (> D&&

(HighpassHorTotals[i] > HighpassHorTotals[i—1])) {

valueTemp = HighpassHorTotals[i]

HighpassHorTotals[i] = HighpassHorTotals[i—1]

HighpassHorTotals[i—1] = valueTemp

valueTemp = HighpassHorScanOrder|1]

HighpassHorScanOrder[i] = HighpassHorScanOrder[i—1]

HighpassHorScanOrder[i—1] = valueTemp
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The variable MBHPMode is computed during the HP prediction direction computation process specified in
subclause 9.6.3.2. The scan order is selected based on the value of the variable MBHPMode. AdaptiveHPScan( ) shall
only be invoked on a macroblock after the HP prediction direction computation process specified in subclause 9.6.3.2 has
been invoked and completed for this macroblock. The HP prediction direction process shall be invoked only after the

completion of the LP transform coefficient parsing process.
NOTE — See subclause 9.6 for more information.
8.12 Adaptive coefficient normalization

8.12.1 [InitializeModelMB( )
The initia

Table 115 — Pseudocode for function InitializeModelIMB( )

in Table 115.

InitializeModelMB(Model, iBand) {

Reference

/* iBand is the frequency band (DC =0, LP =1, HP =2) */

Model. MState[0] = Model.MState[1] =0

Model MBits[0] = Model. MBits[1] = (2 — iBand) * 4

© ISO/IEC 2012 — All rights reserved
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8.12.2 UpdateModelMB()

The adaptation of the Model data structure is specified by the function UpdateModelMB( ) as specified in Table 116.

Table 116 — Pseudocode for function UpdateModelMB( )

UpdateModelMB(iLapMean| |, Model, iBand) {

Reference

/* INTERNAL CLR FMT is the color format of the image */

/* iBand is the frequency band (DC =0, LP =1, HP =2) */

iModelWeight = 70

iWeightO[3] = {240 /*DC*/, 12 /*LP*/, 1}

iWeight1[3][MAX COMPONENTS] = {

10,240, 120,780,060, 48, 40,34, 30,27, 24, 22,20, 18, 17, 16},

{0,12,6,4,3,2,2,2,2,1,1,1, 1, 1, 1, 1},

{0,16,8,5,4,3,3,2,2,2,2,1,1,1,1, 1}

{Weight2[6] = {120, 37, 2 /*YUV420%/, 120, 18, | /*YUV422%/}

fLapMean[0] *= iWeightO[iBand]

if INTERNAL CLR FMT = = YUV420)

iLapMean[1] *= iWeight2[iBand]

dlse if INTERNAL CLR FMT == YUV422)

iLapMean[1] *= iWeight2[3 + iBand]

¢lse {

iLapMean[1] *=iWeightl[iBand][NumComponents — 1]

if (iBand = = 2)

iLapMean[1] >>=4

INumModels =2

if INTERNAL CLR FMT == YONLY)

iNumModels = 1

for (j = 0; j <iNumModels; j++) {

iMS = Model.MState[j]

iDelta = ((iLapMean[j] — iModelWeight) >> 2)

if (iDelta <= —8) {

iDelta +=4

if (iDelta < —16)

iDelta=—16

iMS += iDelta

if (iIMS < —8)

if (Model MBits[j].= = 0)

iMS =8

else {

iMS'=40

Model. MBits[j]— —

}

} elsevifi@Delta >= 8) {

iDelta =4

if (iDelta > 15)

1Delta =15

iMS += iDelta

if (iMS > 8)

if (Model MBits[j] >= 15) {

Model MBits[j] = 15

iMS =8

} else {

iMS=0

Model. MBits[j]++

;

;

Model. MState[j] = iMS
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9 Decoding process

9.1 General

This clause specifies the decoding process. The decoding process is interdependent with the initialization of variables and
parsing of syntax elements as specified in Clause 8.

The decoding process specified in this clause is distinguished from the codestream parsing process in the following
manner: the codestream parsing process manages all control flow regarding the correct parsing of codestream syntax
elements. This includes maintaining state variables for adaptive VLC selection, adaptive coefficient normalization, and
other related information. The processes in this clause therefore are written with the assumption that, when they are
invoked, the input variables required for this process have been correctly parsed from the codestream.

The de¢oding process is specified so that the decoded samples from any two JPEG XR decoders will b¢ numerically
identicdl. Any decoder which produces results that match the process specified here conforms to the téquir¢ments of this
Specifigation.

The imgge decoding process proceeds as specified in subclause 9.2.

9.2 Image decoding
The outputs of this process are the output samples of the image.

The imgge decoding process proceeds as in Table 117.
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Table 117 — Pseudocode for function ImageDecoding( )

ImageDecoding() { Reference
ImagePlaneDecoding( ) 9.3
/* resulting sample values are stored in the variables ImagePlane[i][x][y] */
if (OUTPUT_CLR_FMT == RGB) &&
((OUTPUT _BITDEPTH = = BD5) | | (OUTPUT_BITDEPTH = = BD565) | |
(OUTPUT BITDEPTH = = BD10))) /* Packed RGB */
outputArrays = 1
clse if (OUTPUT_CLR_FMT = =RGB) | | (OUTPUT_CLR_FMT == YUV444) ||
(OUTPUT CLR FMT == YUV422) || (OUTPUT CLR FMT = = YUV420))
outputArrays = 3
s O FPOF—CER—TFIMT

outputArrays = 4

RORE
NODT)

dlse

outputArrays = NumComponents
fpr (i = 0; i < outputArrays; i++) {
if (1> 0) && (OUTPUT CLR_FMT == YUV420))
outputHeight = (HEIGHT MINUSI1 +1)/2
else
outputHeight = HEIGHT MINUSI + |
if (OUTPUT_BITDEPTH == BDI1WHITE]) | |
(OUTPUT BITDEPTH == BDI1BLACKI1)) /* Horizonally packed flags */
outputWidth = WIDTH_MINUS1 /8 + 1
else if (i > 0) &&
(OUTPUT _CLR_FMT ==YUV422) || (OUTPUT _CLR _FMT== YUV420)))
outputWidth = (WIDTH_MINUS1 +1)/2
else
outputWidth = WIDTH_MINUSI + |
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePrimary[i][x][y] = ImagePlane[i][x]y]

if (ALPHA_IMAGE PLANE FLAG == TRUE)
ImagePlaneDecoding( ) 9.3
/* resulting sample values, correspanding to the alpha image plane,
are stored in the variables ImagePlane[0][x][y] */
for (y =0; y <= HEIGHT MINUST; y++)
for (x = 0; x <= WIDTH"MINUSI1; x++)
ImageAlpha[0][x][y]= ImagePlane[0][x][y]

TRUE, thefre are two setS)of parsed syntax elements: one set corresponding to the primary image plane, and one set correponding
to the alphp image plarne™In the same manner, this subclause assumes that there are two sets of global variables being usgd in the
decoding grocess,corresponding to the primary and alpha image planes, respectively.

NOTE - Throughout the parsing of syntax elements in clause 8, it is assumed that if ALPHA IMAGE PLANE FLAG ilequal to

9.3 Image plane decoding
This process is invoked for each image plane.
The outputs of this process are the decoded samples for this image plane, ImagePlane[i][x][y].

The image plane decoding process proceeds as specified in Table 118.
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Table 118 — Pseudocode for function ImagePlaneDecoding( )

ImagePlaneDecoding() { Reference
ImagePlaneDCQP() 9.7.1.1
ImagePlaneLPQP( ) 9.7.2.1
ImagePlaneHPQP( ) 9.7.3.1
for (TileIndexy = 0; TileIndexy < NumTileRows; TileIndexy++)

for (TileIndexx = 0; TileIndexx < NumTileCols; TileIndexx++)
TileTransformCoefficientProcessing( ) 9.4.1
/* At this point, transform coefficients for the entire image plane have
been obtained */
SampleReconstruction( ) 9.9.1
—“‘l‘h‘fs-pmcess-perfcmrboﬂﬂevetrofmm tramsformrard uvcdap
operations on the entire image */
OutputFormatting( ) 9.10:2
h

Tile transform coefficient processing

Overview

The outputs of this process are transform coefficients for each macroblock in the tile.

The trapsform coefficient processing proceeds as specified in Table 449.

Table 119 — Pseudocode for function TileTransformCoefficientProcessing( )

cess is invoked for each tile. The inputs to this process are the horizontal and vertical indices of the furrent tile.

TileTransformCoefficientProcessing() { Reference
TileLevelDCQP() 0.7.1.2
TileLevel LPQP() 0.7.2.2
TileLevelHPQP( ) 0.7.3.2
=0
fpr (MBy = TopMBIndexOfTile[ TileIndexy]; MBy < TopMBIndexOfTile[TileIndexy + 1]; MBy++)

for (MBx = LeftMBIndexOfTile[TileIndexx]; MBx < LeftMBIndexOfTile[TileIndexx + 1]; MBx++) {
MBQPIndexLP[MBx][MBy}= LP QP INDEX]n]
MBQPIndexHP[MBx][MBy] = HP_QP_INDEX][n]
DCTransformCoefficientDecoding( ) 0.4.2
LPTransformCopefficientDecoding( ) 0.4.3
HPTransformCeefficientDecoding( ) 0.4.4
n+=1

}

H

NOTE~The computatlon of the global Varlable MBHPMode is dependent upon the completion of the LP transfprm coefficient

decodine process- d omputed-a R S entdecoding process

9.4.2 DC transform coefficient decoding

The outputs of this process are DC transform coefficients for each color component of the current macroblock.

The DC transform coefficient processing proceeds as specified in Table 120.

© ISO/IEC 2012 — All rights reserved

101


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

Table 120 — Pseudocode for function DCTransformCoefficientDecoding( )

DCTransformCoefficientDecoding( ) { Reference
DCMBCoefficientRemap( ) 9.5.1
DCPredictionGeneral( ) 9.6.1.1
DequantizeDCCoefficients( ) 9.8.1

i

9.4.3 Low-pass transform coefficient decoding

The outputs of this process are LP transform coefficients for each color component of the current macroblock.

The LP transform coefficient processing proceeds as specified in Table 121.

Table 121 — Pseudocode for function LPTransformCoefficientDecoding( )

LPTransformCoefficientDecoding( ) { Reference
LPMBCoefficientRemap( ) 9.5.2
LPPredictionGeneral( ) 9.6.2.1
DequantizeLPCoefficients( ) 9.8.2

h

9.4.4  High-pass transform coefficient decoding
Input to this process is the value of MBHPMode for the current macroblock.
The outputs df this process are HP transform coefficients for each color«component of the current macroblock.

The HP transform coefficient processing proceeds as specified in Table 122.

Table 122 — Pseudocode for function HPTransformCoefficientDecoding( )

HPTransformCoefficientDecoding( ) { Reference
CalcHPPredMode( ) 9.6.3.2
HPMBCoefficientRemap( ) 9.5.3
DequantizeHPCoefficients( ) 9.8.3
HPCoefficientPrediction( ) 9.6.3.3

}

9.5 Cogpfficient remapping

This subclauge specifies the ¢oefficient remapping processes for DC, LP and HP coefficients.

9.5.1 D( coefficient remapping

which identifly the current macroblock.

Input to this ¥,rocess is a list DCInput[i] of DC level values for each color component i, and the variables MBx arj{d MBy,

Output of this process is the list of values MbDCLP[MBx][MBYy][i][0], of DC transform coefficients, for each color
component i of the current macroblock.

NOTE - The values DCInput[i] are the outputs of the MB_DC( ) syntax structure of subclause 8.7.11.
The values in the array MbDCLP[MBx]|[MBy][i][0] are set by Table 123.

Table 123 — Pseudocode for function DCMBCoefficientRemap( )

DCMBCoefficientRemap( ) { Reference
for (i = 0; i < NumComponents; i++)
MbDCLP[MBx][MBy][i][0] = DCInput[i]
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9.5.2  Low-pass coefficient remapping

Inputs to this process are a list of variables LPInput[i][j] which hold the j-th LP transform coefficient value for each color
component i.

Output of this process is the array of variables MbDCLP[MBx][MBy][i][j] which hold the j-th LP transform coefficients,
indexed in raster scan order, of color component i.

The LP coefficient remapping process proceeds as specified by Table 124.

Table 124 — Pseudocode for function LPMBCoefficientRemap()

LPMBCoefficientRemap() { Reference
for (i = 0; i < NumComponents; i++) {
if 1 !=0) && (INTERNAL CLR_FMT ==YUV422) ||
(INTERNAL CLR FMT == YUV420))
if INTERNAL CLR FMT == YUV422)
forG=1j<=7;j+1)
if (BANDS PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j]
else
MbDCLP[MBx][MBy][i][j] =0
else /* INTERNAL CLR FMT ==YUV420 */
forG=1;j<=3;j++)
if (BANDS PRESENT !=DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j]
else
MbDCLP[MBx][MBy][i][j] =0

else
for(=1;j<=15;j++)
if (BANDS PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][j}= LPInput[i][j]
else
MbDCLP[MBx][MBy][il[j] = 0

9.5.3 | High-pass macroblock coefficient remapping

The HP| coefficient remapping.process proceeds as in Table 125.

Table 125 — Pseudocode for function HPMBCoefficientRemap( )

HPMBCoefficientRemap() { Reference
for (i = 0; i < NumComponents; i++) {

if (i =0 && INTERNAL CLR FMT ==YUV420)
jMax =3

else if (i 1=0&& INTERNAT CLR EMT == VIIV422)
jMax =7

else
jMax = 15

for (j = 0;j <= jMax; j++)
HPBlockCoefficientRemap(i, j) 9.54
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9.5.4  High-pass block coefficient remapping

Inputs to this process are: the array HPInputVLC[currentComponent][blkIndex][j] for the current color component
currentComponent, and the current block index blkIndex, with j ranging from 1 to 15, the array
HPInputFlex[currentComponent][blkIndex][j] for the current color component currentComponent, and the current block
index blkIndex, with j ranging from 1 to 15, the variable ModelBits[MBx][MBYy], representing the number of flexbits for
the current macroblock, and the variables MBx and MBy, which identify the current macroblock.

Output of this process are the values MBBuffer[ MBx][MBy][currentComponent][k] of HP transform coefficients, with k
ranging from (16 * blkIndex + 1) to (16 * blkIndex + 15), corresponding to the current block. Pseudocode for this process
is in Table 126.

Fablet26—Pserdocodeforfrmetion-HPBlockCoetficientR 5

HPBlockCoefficientRemap(currentComponent, blkIndex) { Reference
if (currentComponent = = 0)
ilndex =0
else
ilndex =1

forG=1:j<=15;j+4) {
k=16 * blkIndex + j
if (BANDS_PRESENT == ALL | |
BANDS PRESENT == NOFLEXBITS)
MBBuffer[ MBx][MBy][currentComponent][k] =
HPInputVLC[currentComponent][blkIndex][j] <<
ModelBitsMBHP[MBx][MBy][ilndex]

else
MBBuffer MBx][MBy][currentComponent][k] = 0
if (BANDS PRESENT == ALL)
MBBuffer[MBx][MBy][currentComponent][k] =
HPInputFlex[currentComponent][blkIndex}{j]

9.6 Transform coefficient prediction
9.6.1 D( coefficient prediction
9.6.1.1 Owverview of DC prediction

This subclauge is informative: it is ot an integral part of this Specification.

Four modes qre defined forthe prediction of the DC coefficient of a macroblock. These modes are:
— Prediqt from left
- Predidt from top

- Predidt{rom left and top

— No prediction

The prediction mode is determined from the position of the macroblock, as well as the DC values to the left, top and
top-left of the macroblock. Further, if the image has chroma components, the corresponding DC values of the chroma
components are also used.

9.6.1.2 DCPredictionGeneral()

Inputs to this process are the Boolean variables sMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, as well as the
values MbDCLP[MBx][MBy][i][0], for each color component i of the current macroblock. The variable
IsMBLeftEdgeofTileFlag is equal to TRUE when the current macroblock is at the left edge of the tile;
IsMBTopEdgeofTileFlag is equal to TRUE when the current macroblock is at the top edge of the current tile.

NOTE - The values MbDCLP[MBx][MBy][i][0] come from the DC coefficient remapping process of subclause 9.5.1.
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Outputs of this process are the updated values MbDCLP[MBx][MBy][i][0], for each color component i of the current
macroblock.

The DC prediction process proceeds as in Table 127.

Table 127 — Pseudocode for function DCPredictionGeneral( )

DCPredictionGeneral() { Reference
CalcDCPredMode( ) 9.6.1.3
DCCoefficientPrediction( ) 9.6.1.4
UpdateDCPredictionVariables( ) 9.6.1.5

i

9.6.1.3| DC prediction direction computation

Inputs [to this process are the variables IsMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, angl the values
PredDQLP[MBx—1][MBy][i][0], PredDCLP[MBx][MBy—1][i][0], and PredDCLP[MBx<I[MBy—1][i][P], for each
color cgmponent i.

Output |of this process is the value of MBDCMode. The possible values of MBPCMode are as followp: 0 specifies
predictipn from the left macroblock, 1 specifies prediction from the top macroblock, 2 specifies prediction from both the
top and|left macroblocks, and 3 specifies no prediction.

The D{ prediction direction process proceeds as shown by Table 128.
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Table 128 — Pseudocode for function CalcDCPredMode( )

CalcDCPredMode() {

Reference

if IsMBLeftEdgeofTileFlag = = TRUE &&
IsMBTopEdgeofTileFlag = = TRUE)

MBDCMode = 3 /* no prediction */

else if (IsMBLeftEdgeofTileFlag = = TRUE &&
IsMBTopEdgeofTileFlag == FALSE)

MBDCMode = 1 /* prediction from top only */

else if (IsMBLeftEdgeofTileFlag == FALSE &&
IsMBTopEdgeofTileFlag = = TRUE)

MBDCMode = 0 /* prediction from left only */

1 PR e =t L = | Poe =i Bk =T A QI— 0 O
TIST ITTULNVIDLCIICUECOLTIICT Idg — — 'ALOL &AL

IsMBTopEdgeofTileFlag == FALSE) */ {

iLeft = PredDCLP[MBx—1][MBy][0][0]

iTop = PredDCLP[MBx][MBy—1][0][0]

iTopLeft = Pred DCLP[MBx—1][MBy—1][0][0]

if INTERNAL_CLR_FMT ==Y ONLY ||

INTERNAL CLR _FMT = =NCOMPONENT) {

iStrHor = Abs(iTopLeft — iLeft)

iStrVer = Abs(iTopLeft — iTop)

} else {

iLeftU = PredDCLP[MBx—1][MBy][1][0]

iTopU = PredDCLP[MBx][MBy—1][1][0]

iTopLeftU = PredDCLP[MBx—1][MBy—1][1][0]

iLeftV = PredDCLP[MBx—1][MBy][2][0]

iTopV = PredDCLP[MBx][MBy1][2][0]

iTopLeftV = PredDCLP[MBx—1][MBy—1][2][0]

iScale =2

if INTERNAL CLR FMT = = YUV420)
iScale = 8

if INTERNAL CLR FMT == YUV422)
iScale =4

iStrHor = Abs(iTopLeft — iLeft) * iScale +

Abs(iTopLeftU — iLeftU) + Abs(iTopLeftV — iLeftV)

iStrVer = Abs(iTopLeft — iTeop) * iScale +

Abs(iTopLeftU — iTopU)+ Abs(iTopLeftV — iTopV)

;

iOrwWt=4

if ((iStrHor * iOrWt) <iStrVer)

MBDCMode =\

else if ((iStrVer ¥10rWt) < iStrHor)

MBDCMode =0

else

MBDCMode =2

The value MBDCMode is used in subsequent stages of the DC prediction process.

9.6.1.4 DC coefficient prediction

This process occurs when MBDCMode is not equal to 3.

Inputs to this process are the variable MBDCMode representing the DC prediction direction, and the array variable

MbDCLP[MBx][MBYy][i][0] for each color component i.

Outputs to this process are the updated values MbDCLP[MBx][MBYy][i][0], for each color component i of the current

macroblock.

The DC coefficient prediction process proceeds according to Table 129.
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Table 129 — Pseudocode for function DCCoefficientPrediction( )

DCCoefficientPrediction( ) { Reference
for (i = 0; i <NumComponents; i++) {
iLeft = PredDCLP[MBx—1][MBy][i][0]
iTop = PredDCLP[MBx][MBy—1][i][0]
if (MBDCMode = = 0)
MbDCLP[MBx][MBy][i][0] += iLeft
else if (MBDCMode == 1)
MbDCLP[MBx][MBy][i][0] += iTop
else if (MBDCMode ==2) {
if (i==0) [| (INTERNAL_CLR_FMT I= YUV420) &&
(INTERNAL CLR _FMT = YUV422))
MbDCLP[MBx][MBy][i][0] += (iTop + iLeft) >> 1
clse /* INTERNAL _CLR_FMT == YUV420 | |
INTERNAL CLR FMT == YUV422)*/
MbDCLP[MBx][MBy][i][0] +=
(iTop +ileft +1)>>1

9.6.1.5| Update of DC prediction variables

Outputq of this process are the updated variables PredDCLP[MBx][MByl{i], for each color component i, where MBx and
MBYy arg indexing the current macroblock.

The update of DC prediction variables process proceeds as showf by Table 130.

Table 130 — Pseudocode for function'UpdateDCPredictionVariables()

UpdateDCPredictionVariables() { Reference
for (i = 0; i < NumComponents; i++)
PredDCLP[MBx][MBy][i][0]:=MbDCLP[MBx][MBy][i][0]

9.6.2 | Low-pass prediction

9.6.2.1] Overview of low-pass‘prediction
This subclause is informativeit is not an integral part of this Specification.

Three hodes are defined ‘for the prediction of the LP coefficient of the inner transform of a macroblock. [These modes
are:

— Prediction from left when MBLPMode is equal to 0
- Prediction from top when MBLPMode is equal to 1

Jo-radiction sohan NADT DNA~dQ 10 aqaal 40 D
NOPTOCI T O WO TvID T tvroaTT5—oqaatto—=

The LP coefficient prediction mode (MBLPMode) is determined by the DC coefficient prediction mode, together with
the quantization parameters of both the current block and the block from which the DC values were predicted.

This rule ensures that prediction of LP coefficients does not take place across macroblocks with different quantization
parameters.

Not all of the LP coefficients associated with a macroblock are predicted. The definition and indices of DC and LP
coefficients that are predicted is shown in Figure 5. The DC coefficient of the blocks shown in dark gray is at position 0,
and the LP coefficients that can be predicted are shown in light gray. For the color format YUV422, the LP coefficient
associated with position 5 is predicted from position 1 in Figure 5. if MBDCMode is equal to 1, irrespective of the value
of MBLPMode, and the LP coefficient associated with position 4 (indicated by crosshatch) can be predicted from both
top and left.
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Figure 5 — DC and LP coefficients in (a) 4x4, (b) 422 chroma, and (c) 420 chroma-block

9.6.2.2 LTredictionGeneral()
t

Inputs to
MbDCLP[M
transform cog

NOTE - T
Outputs to th
The LP predi

is process are the variable MBDCMode for the current macroblock, as well as the

Bx][MBy][i][j], for each color component i of the current macrgblock, and index j referencing

fficients, indexed in raster scan order.

he values MbDCLP[MBx][MBy][i][j] come from the LP coefficient remaapping process of subclause 9.5.2.
s process are the values MbDCLP[MBx][MBy][i][j], for ¢ach'color component i of the current macr

Ction process proceeds as in Table 131.

Table 131 — Pseudocode for funétion LPPredictionGeneral( )

LPPredictionGeneral() { Reference
CalcLPPredMode( ) 9.6.2.3
LPCoefticientPrediction( ) 9.6.2.4
UpdateLPPredictionVariables( ) 9.6.2.5

9.6.2.3 Lo

Inputs to this

Output to th
represents pr|
value 2 repre

Ww-pass prediction-direction computation

process are the variables MBDCMode and MBQPIndexLP[MBx][MBy].

s process i§/the value of MBLPMode. The possible values of MBLPMode are as follows: the

ediction, from the left macroblock, the value 1 represents prediction from the top macroblock,
bents no.prediction.

values
the LP

pblock.

value 0
and the
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Table 132 — Pseudocode for function CalcLPPredMode()

CalcLPPredMode() {

Reference

if (MBDCMode == 0 &&
MBQPIndexLP[MBx][MBy] = = MBQPIndexLP[MBx—1][MBy])

MBLPMode =0

else if (MBDCMode == 1 &&
MBQPIndexLP[MBx][MBy] = = MBQPIndexLP[MBx][MBy—1])

MBLPMode =1

else

9.6.2.4

Inputs
MBy, w

Outputs
macrob

The LP

MBLFPMode =2

;

Low-pass coefficient prediction

o this process are: the variable MBLPMode representing the LP prediction direction) the variab
hich index the current macroblock in the image; and the variables PredDCLP[MBx}{MBy][i][j].

to this process are the updated values MbDCLP[MBx][MBy][i][j], for each celor component i
ock, and j an index referencing the LP transform coefficients, indexed in raster’scan order.

coefficient prediction process proceeds as in Table 133.

Table 133 — Pseudocode for function LPCoéfficientPrediction()

les MBx and

f the current

=

PCoefficientPrediction( ) {

Referencg

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

if (i==0 || (INTERNAL CLR_FMT I= YUV420) &&
(INTERNAL CLR FMT != YUV422))) {

if (MBLPMode == 0) {

MbDCLP[MBx][MBy][i][4] += PredDCLP[MBx—1][MBy][i][4

1
MbDCLP[MBx][MBy][i][8] += PréedDCLP[MBx—1][MBy][i][5]
MbDCLP[MBx][MBy][i][12] +&PredDCLP[MBx—1][MBy][i][6]

} else if (MBLPMode ==1) {

MbDCLP[MBx][MBy][i}{L] += PredDCLP[MBx][MBy—1][i][1]
o

i1
MbDCLP[MBx][MBy]fi][2] += PredDCLP[MBx][MBy-1][i][2]
MbDCLP[MBx][MBy][i][3] += PredDCLP[MBx][MBy—1][i][3]

}

} else if INTERNAL CLR FMT ==YUV420) { /*iis equal to 1 or 2 here */

if MBLPMpde= = 0) /* Prediction from left */

MbDELPPMBx][MBy][i][2] += PredDCLP[MBx—1][MBy][i][2]

else if (MBLPMode == 1) /* Prediction from top */

NIbDCLP[MBx][MBy][i][1] += PredDCLP[MBx][MBy—1][i][1]

} elseif (INTERNAL CLR FMT ==YUV422) /*iis equal to 1 or 2 here */

if (MBLPMode == 0) {/* Prediction from left */

MbDCLP[MBx][MBy][i][4] += PredDCLP[MBx—1][MBy][i][4]

MbDCLP[MBx][MBy][i][2] += PredDCLP[MBx—1][MBy][i][2]

A AR R TP S W NP TS WL =S TIE T2
VIDDC P IVIDX[[IVIDY T[0T P reuDC P [IVIDX— T [[IVID Y [T 0]

} else if (MBLPMode == 1) { /* Prediction from top */

MbDCLP[MBx][MBy][i][4] += PredDCLP[MBx][MBy—1][i][4]

L
MbDCLP[MBx][MBy][i][1] += PredDCLP[MBx][MBy—1][i][5]

MbDCLP[MBx][MBy][i][5] += MbDCLP[MBx][MBy][i][1]
/* In this line, prediction occurs using the current macroblock's data */

} else if (MBDCMode == 1)

MbDCLP[MBx][MBy][i][5] += MbDCLP[MBx][MBy][i][1]
/* When the color format is YUV422,
MBLPMode is equal to 2 (no prediction), and
MBDCMode is equal to 1 (prediction from the top), the LP
coefficient associated with j=5 is predicted from that for j=1 */
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9.6.2.5 Update of low-pass prediction variables

Inputs to this

process are the variables MBx and MBy, which index the current macroblock in the image.

Outputs of this process are the variables PredDCLP[MBx][MBy][i][j], for each color component i, and selected LP

indexes j.

The update of LP prediction variables process proceeds as in Table 134.

Table 134 — Pseudocode for function UpdateLPPredictionVariables( )

UpdateLPPredictionVariables( ) { Reference

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

if(i==0]] (INTERNAL CLR_FMT I= YUV420) &&
(INTERNAL CLR FMT != YUV422))) {

PredDCLP[MBx][MBy][i][1] = MbDCLP[MBx][MBy][i][1]

PredDCLP[MBx][MBy][i][2] = MbDCLP[MBx][MBy][i][2]

— |— |— |—

3
4
PredDCLP[MBx][MBy][i][5] = MbDCLP[MBx][MBy][i][8]

6

I[MBy][
I I[MBy][
PredDCLP[MBx][MBy][i][3] = MbDCLP[MBx][MBy][i][3]
PredDCLP[MBx][MBy][i][4] = MbDCLP[MBx][MBy][i][4]
I I[MBy][
[ I[MBy][

PredDCLP[MBx][MBy][i][6] = MbDCLP[MBx][MBy][i][12]

} else if INTERNAL CLR _FMT = = YUV420) {

PredDCLP[MBx][MBy][i][1] = MbDCLP[MBx][MBy][i][1]

PredDCLP[MBx][MBy][i][2] = MbDCLP[MBx][MBy][i][2]

} else if INTERNAL CLR _FMT ==YUV422) {

PredDCLP[MBx][MBy][i][1] = MbDCLP[MBx][MBy][i][1]
PredDCLP[MBx][MBy][i][2] = MbDCLP[MBx][MBy][i][2]
PredDCLP[MBx][MBy][i][4

PredDCLP[MBx][MBy][i

il I[MBy][
Jl(2] I[MBy][
1[i][4] = MbDCLP[MBx][MByifij[4]
1[i][5] = MbDCLP[MBx][MBy{}][5]
JlilLe] IMBy][

PredDCLP[MBx][MBy][i][6] = MbDCLP[MBx }{MBy][i][6]

9.6.3 Hij
9.6.3.1 Ov

This subclaus

There are twi
process. The
determines th
executed bef]
coefficient re|

Information i
of HP coeffid

rh-pass prediction

erview of high-pass prediction
e is informative: it is not an integral part of this Specification.

prediction processes-iivolving HP coefficients: the HP prediction direction process, and the HP pr|
process that computes HP prediction direction also sets the HP direction variable MBHPMod
e initial HP inverse scanning order. Therefore, the process that computes HP prediction direction
pre the HP/coefficient inverse scanning process. The HP prediction process is executed after
mapping process.

h the LP transform coefficients is used to compute a simple metric to determine the orientation of pr|
iefits associated with each macroblock. Three modes are defined for the prediction of the HP coeffig

diction
b which
shall be
the HP

bdiction
ients of

the outer trar
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eddction is

possible. For blocks that have no valid reference within the macroblock, null prediction is used. The three modes are:
— Prediction from left when MBHPMode is equal to 0
— Prediction from top when MBHPMode is equal to 1
- No prediction when MBHPMode is equal to 2

Prediction from left is shown in Figure 6. Prediction from top is similar, with the pattern of arrows transposed to point

downwards.
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Figure 6 — HP prediction from left

E — In the implementation of a decoder, the only information thaf needs to be available for future use is 1 I
ficients per macroblock component (fewer for YUV420 / YU V422 chrominance). Therefore, at most fof

macroblock is predicted. For YUV444, therefore, it is necessary to only cache 12 coefficients per macroblocl
row of macroblocks. More state is required on the eneodér side: the HP coefficients must be maintained
bss, as the encoding of HP coefficients is dependent on(the encoding of LP coefficients.

High-pass prediction direction computation
b this process are the variables MBx and\MBy, indexing the location of the current macroblock in th
bf this process is the variable MBHPMode for the current macroblock.

prediction process proceeds.asin Table 135.

C+6LP=7
YUV444, 21

ficients need to be cached per macroblock. Further, the coeffieients used for prediction from left can be disdarded after the

¢ for use in the
hroughout this

P image.
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Table 135 — Pseudocode for function CalcHPPredMode( )

CalcHPPredMode( ) {

Reference

iStrHor = Abs(MbDCLP[MBx]
Abs(MbDCLP[MBx][MBy
Abs(MbDCLP[MBx][MBy

Abs(MbDCLP[MBx][MBy

[

|

iStrVer = Abs(MbDCLP[MBx][MBy]

1
Abs(MbDCLP[MBx][MBy]

if (INTERNAL_CLR_FMT I= YONLY) &&
(INTERNAL CLR FMT != NCOMPONENT)) {

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

1S o e AL MALDCT DIMBRCIUNMNMR LT,
0T ABSVE DRSS YD

if INTERNAL CLR FMT == YUV420)

iStrVer += Abs(MbDCLP[MBx][MBy][i][2])

else if INTERNAL CLR _FMT == YUV422) {

Abs(MbDCLP[MBx][MBy][i][6])

iStrVer += Abs(MbDCLP[MBx][MBy][i][2]) +

iStrHor += Abs(MbDCLP[MBx][MBy][i][5])

} else

iStrVer += Abs(MbDCLP[MBx][MBy][i][4])

;

}

iOrwWt =4

if (iStrHor * iOrWt <iStrVer)

MBHPMode = 0 /* predict from left */

else if (iStrVer * iOrWt <iStrHor)

MBHPMode = 1 /* predict from top */

else

MBHPMode = 2 /* no prediction */

9.6.3.3 High-pass prediction

Inputs to thig
MBYy, which
transform coq
are the updat

The HP prediction process proceeds:as in Table 136.

Table/136 — Pseudocode for function HPCoefficientPrediction( )

process are: the variable MBHPMéde, which indicates the HP prediction direction; the values MBx and
index the current macroblock in‘the image; and the values MBBuffer[MBx][MBy][i][j], which hold the HP
fficients obtained from the HP\coefficient remapping process of subclause 9.5.3. The outputs of this|process
bd values MBBuffer[ MBx][MBYy][i][k] of HP transform coefficients.

HPCoefficientPrediction( ) {

Reference

if INTERNAL-CLR FMT == YUV420) || INTERNAL CLR FMT == YUV422)

Components = 1

else

anpnnpntq = Nnm(‘nmpn‘ne‘ntq

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

if (MBHPMode ==0) {

blkId[ ] = {1,2,3,5,6,7,9,10,11,13,14,15}

for G=0;j<12;j++) {

MBBuffer[MBx][MBy][i][16*bIkId[j] + 4] +=

]

MBBuffer[ MBx][MBy][i][16*(blkId[j] — 1) + 4]

MBBuffer]MBx][MBy][i][16*blkId[j] + 8] +=
MBBufferfMBx][MBy][i][16*(bIKId[j] — 1) + 8]

MBBufferflMBx][MBy][i][16*bIKId[j] + 12] +=
MBBufferf]MBx][MBy][i][16*(bIkId[j] — 1) + 12]

;

} else if (MBHPMode ==1) {

bIkId[ ] = {4.,5.,6,7,8,9,10,11,12,13,14,15}
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HPCoefficientPrediction( ) {
for G=0;j<12;j++) {
MBBuffer[ MBx][MBy][i][16*blkId[j] + 1

Reference

1+
MBBuffer[MBx][MBy][i][16*(blkId[j] — 4) +1]
MBBuffer[]MBx][MBy][i][16*bIkId[j] + 2] +
MBBuffer]MBx][MBy][i][16*(blkId[j] - 4) +2]
MBBuffer[]MBx][MBy][i][16*bIkId[j] + 3] +
MBBuffer[MBx][MBy][i][16*(blkId[j] — 4) +3]

;
}

}
if INTERNAL CLR FMT == YUV420) {
Tori= 1= 2,177}
if (MBHPMode ==0) {
bIkId[ ] = {1,3}
for =0;j<2;jt+) {
MBBufferflMBx][MBy][i][16*bIkId[j] + 4] +
MBBufferf]MBx][MBy][i][16*(blkld[j] — 1) +4]
MBBufferlMBx][MBy][i][16*bIkId[j] + 8] +
MBBufferf MBx][MBy][i][16*(blkId[j] - 1) + 8]
MBBufferflMBx][MBy][i][16*bIKId[j] + 12] +=
MBBufferf]MBx][MBy][i][16*(bIkId[j] — 1) + 12]

I
} else if (MBHPMode ==1) {
blkId[ ] = {2,3}
for =0;j<2;j) {
MBBuffer[MBx][MBy][i][16*bIkId[j] + 1] +
MBBuffer[MBx][MBy][i][16*(blkId[j] —
MBBuffer[MBx][MBy][i][16*bIkId[j] + 2] *
MBBuffer[MBx][MBy][i][16*(blkId[j].~ 2) +2]
1+
1-

2)+1]

MBBufferflMBx][MBy][i][16*bIkId[j] =3

MBBuffer]MBx][MBy][i][16*BlkId[j 2) +3]

;
}

H
\else if INTERNAL CLR FMT = = YUV422) {
for(i=1;i<=2;it+) {
if (MBHPMode ==0) {
bIkId[ ] = {1,3,5/7)
for =0;j <4 j+¥) {
MBBuffery MBx][MBy][i][16*bIkId[j] + 4] +
MBBuffer]MBx][MBy][i][16*(bIkId[j] - 1) +4]
MBBuffer[]MBx][MBy][i][16*bIkId[j] + 8] +
MBBuffer]MBx][MBy][i][16*(blkId[j] - 1) + 8]
MBBuffer[MBx][MBy][i][16*blkId[j] + 12] +=
MBBufferf MBx][MBy][i][16*(blkId[j] — 1) + 12]
}

} else if (MBHPMode ==1) {
blkId[ ] = {2,4,6,3,5,7}
Tor G =03 <6, 1
MBBuffer[MBx][MBy][i][16*blkId[j] + 1

I+
MBBuffer]MBx][MBy][i][16*(blkId[j] - 2) +1]
MBBuffer[MBx][MBy][i][16*bIkId[j] + 2] +
MBBuffer{MBx][MBy][i][16*(blkId[j] — 2) +2]
MBBufferf]MBx][MBy][i][16*bIkId[j] + 3] +
MBBufferf]MBx][MBy][i][16*(blkld[j] — 2) +3]
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9.7 Derivation of quantization parameters

9.7.1  Derivation of DC quantization parameters

9.7.1.1 Image plane level derivation of DC quantization parameters

This process derives the array DCQuantParam[i] of image plane level DC quantization parameters for each color
component i, if these parameters are specified at the image plane level; otherwise, it does nothing, and it is expected that
the tile-level derivation process will derive the array DCQuantParam[i], for each tile in the image plane.

The image plane level derivation process of DC quantization parameters proceeds as in Table 137.

—  Tahle137- Pseudocode for function ImagePlaneDCQP()

o)

nagePlaneDCQP() {

Reference

if (DC_IMAGE PLANE UNIFORM FLAG ==TRUE)

AssignDCQuantizationParameters( )

9.7.1.3

NOTE - If

9.7.1.2 Tile level derivation of DC quantization parameters

If these para

quantization
level derivati

The tile-levell

Table 138 — Pseudocode for fumction TileLevelDCQP()

derivation process of DC quantization parameters proceeds as in Table 138.

DC IMAGE _PLANE UNIFORM FLAG is equal to FALSE, the quantization parameters’are specified at tile

meters are specified at the tile level, this process derives the~array DCQuantParam[i] of tile-lg
parameters for each color component i. Otherwise, it does dothing and it is assumed that the imag
bn process already derived the array DCQuantParam([i].

ileLevelDCQP() {

Reference

if (DC_ IMAGE PLANE UNIFORM FLAG==FALSE)

AssignDCQuantizationParameters(-)

9.7.13

NOTE — If

9.71.3 As

The assignmg

signment of DC quantization parameters

nt process 0f PC quantization parameters proceeds as in Table 139.

Table 139 — Pseudocode for function AssignDCQuantizationParameters()

) {

Reference |

if (COMPONENT MODE == UNIFORM)

evel.

vel DC
e plane

DC_IMAGE PLANE UNIFORM_FLAG is equal to TRUE, quantization parameters were set at the image pldne level.

for (i = 0; i <=NumComponents—1; i++)

DCQuantParam[i] = DC QUANT

clse if (COMPONENT MODE = = SEPARATE) {

DCQuantParam[0] = DC_ QUANT LUMA

for (i = 1; i <=NumComponents—1; i++)

DCQuantParam[i] = DC QUANT CHROMA

} else if (COMPONENT MODE == INDEPENDENT)

for (i = 0; i <=NumComponents—1; i++)

DCQuantParam[i] = DC_ QUANT CH]Ji]
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9.7.2  Derivation of low-pass quantization parameters

9.7.2.1 Image plane level derivation of low-pass quantization parameters

This process derives the values LPQuantParam[i][j] of image plane level LP quantization parameters, for each color
component i, and each allowable index j (for image plane level LP quantization parameters, j can only take the value 0).
These values are derived if LP_ IMAGE PLANE UNIFORM FLAG is equal to TRUE, which indicates that these
quantization parameters are specified at the image plane level; otherwise, it does nothing, and it is expected that the tile-
level derivation process will derive the array LPQuantParam[i][j], for each tile in the image plane.

The image plane level derivation process of LP quantization parameters proceeds as in Table 140.

Table140—PseudocodeforfunctionmagePlane - RPQPO——

ImagePlaneLPQP() { Reference
if (LP IMAGE PLANE UNIFORM FLAG)
AssignLPQuantizationParameters( ) 9.7.2.3
i

NOTE 1 — When LP_IMAGE_PLANE UNIFORM_FLAG is equal to TRUE, NumLPQPs-is always equal to 1.
NOTE 2 - If LP_IMAGE _PLANE UNIFORM_FLAG is equal to FALSE, quantizatiod parameters are set at the tilq level.

9.7.2.2| Tile level derivation of low-pass quantization parameters

This process derives the values LPQuantParam[i][j] of tile-level LP‘quantization parameters, for each color|component i,
and each allowable index j (ranging from 0 to NumLPQPs—1). Fhese values are derived if these quantizatign parameters
are spe¢ified at the tile level; otherwise, it does nothing, andsthe image plane level derivation process derjved the array
LPQuantParam[i][j], used for each tile in the current image;plane.

The tiletlevel derivation process of LP quantization pataméters proceeds as in Table 141.

Table 141 — Pseudocode for function TileLevelLPQP()

TileLevel LPQP() { Reference

if (LP_IMAGE_PLANE_UNIFORM FLAG != TRUE) &&
(USE DC QP FLAG(= TRUE)) {
NumLPQPs =1
for (i = 0; i <<NumComponents—1; i++)

LPQuantParam[i][0] = DCQuantParam[i]

} else if (LR.\IMAGE PLANE UNIFORM FLAG != TRUE)

AssignL.PQuantizationParameters( ) 9.7.2.3

NOTE — When LP IMAGE PLANE UNIFORM_FLAG is equal to TRUE, nothing is done in this function, becauke quantization
parameters were set at image plane level.

© ISO/IEC 2012 — All rights reserved 115


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29

9.7.2.3 Ass

The assignment process of LP quantization parameters proceeds as in Table 142.

199-2:2012(E)

ignment of low-pass quantization parameters

Table 142 — Pseudocode for function AssignLPQuantizationParameters( )

AssignL.PQuantizationParameters() {

Reference

for (j = 0; j <NumLPQPs; j++) {

if (COMPONENT MODE == UNIFORM)

for (i = 0; i <=NumComponents—1; i++)

LPQuantParam[i][j] = LP QUANT][j]

else if (COMPONENT MODE == SEPARATE) {

EPQuamParamfoij =P QUANT TUMATT]

for (i=1; i <=NumComponents—1; i++)

LPQuantParam[i][j] = LP QUANT CHROMAJj]

} else if (COMPONENT MODE == INDEPENDENT)

for (i = 0; i <=NumComponents—1; i++)

LPQuantParam[i][j]=LP QUANT CHJi][j]

9.7.3  Defivation of high-pass quantization parameters

9.7.3.1 Impge plane level derivation of high-pass quantization parameters

This process
component i,

HPQuantPar:

The image plpne level derivation process of HP quantizationarameters proceeds as in Table 143.

derives the values HPQuantParam[i][j] of image plane level HP quantization parameters, for ea¢h color
and each allowable index j. These values are derived if theése quantization parameters are specifigd at the
image plane Jevel; otherwise, it does nothing, and it is expected that.the tile-level derivation process will derive the array

m[i][j], for each tile in the image plane.

Table 143 — Pseudocodéfor function ImagePlaneHPQP( )

o)

magePlaneHPQP( ) {

Reference

if (HP_IMAGE PLANE UNIFORM FLAG)

AssignHPQuantizationParameters( )

9.73.3

NOTE 1 —[When HP_IMAGE [PLANE UNIFORM_FLAG is equal to TRUE, NumHPQPs is always equal to 1.

NOTE 2 —[When HP_IMAGE PLANE UNIFORM_FLAG is equal to FALSE, quantization parameters are set at the tile level.

9.7.3.2 Tile level derivation of high-pass quantization parameters

This process

derives the values HPQuantParam[i][j] of tile-level HP quantization parameters, for each color comgonent i,

and each allowable index j (ranging from 0 to NumHPQPs—1). These values are derived if these quantization parameters
are specified at the tile level; otherwise, this process has no effect, and it is expected that the image plane level derivation
process derived the array HPQuantParam([i][j], used for each tile in the current image plane.
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The tile-level derivation process of HP quantization parameters proceeds as in Table 144.

Table 144 — Pseudocode for function TileLevelHPQP()

TileLevel HPQP() { Reference
if (HP_IMAGE PLANE UNIFORM_FLAG != TRUE) &&
(USE LP QP FLAG ==TRUE)) {
NumHPQPs = NumLPQPs
for (i = 0; i <=NumComponents—1; i++)
for (j = 0; j <=NumLPQPs; j++)
HPQuantParam[i][j] = LPQuantParam[i][j]
} else if (HP IMAGE PLANE UNIFORM FLAG != TRUE)
AssignHPQuantizationParameters( ) 9.7.3.3

NOTE — When HP_IMAGE_PLANE UNIFORM_FLAG is equal to TRUE, nothing is done in this funetion, becauge quantization
paraeters were set at image plane level.

9.7.3.3| Assignment of high-pass quantization parameters

The assjgnment process of HP quantization parameters proceeds as in Table 145,

Table 145 — Pseudocode for function AssignHPQuantizationParameters( )

AssignHPQuantizationParameters() { Reference
for (j = 0; j < NumHPQPs; j++) {
if (COMPONENT MODE == UNIFORM)
for (i = 0; i <=NumComponents—1; i++)
HPQuantParam[i][j] = HP QUANT]j]
else if (COMPONENT MODE == SEPARATE) {
HPQuantParam[0][j] = HP. QUANT LUMAJ[j]
for (i = 1; i <=NumComponefts—1; i++)
HPQuantParam[i][j] =HP QUANT CHROMAJ[j]
} else if(COMPONENT MODE = = INDEPENDENT)
for (i = 0; i <=Num€emponents—1; i++)
HPQuantParami][j] = HP. QUANT CHIi][j]

9.8 Dequantization

9.8.1 | Dequantization of DC coefficients

This proeessas applied for the DC coefficients of a macroblock, for all color components.

Input to this process is the array DCQuantParam[i] of DC quantization parameters for each color component i; the array
MbDCLP[MBx][MBYy][i][0] of DC transform coefficients for each color component i of the current macroblock; and the
variables MBx and MBy which identify the current macroblock in the image.

This process uses the local variable array iQuantScalingFactor[i], holding the scaling factor, for each color component i.

Output of this process is an array of scaled DC transform coefficients MbDCLP[MBx][MBy][i][0], for each color
component i.
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The dequantization process for DC coefficients proceeds as in Table 146.

Table 146 — Pseudocode for function DequantizeDCCoefficients( )

DequantizeDCCoefficients( ) {

Reference

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

if(i==0)

iQuantScalingFactor[i] = QuantMap(DCQuantParam[i], 1) 9.8.4
else

iQuantScalingFactor[i] = QuantMap(DCQuantParam[i], 0) 9.8.4

MbDCLP[MBx][MBy][i][0] =
MbDCLP[MBx][[MBy][i][0] * iQuantScalingFactor[i]

9.8.2 De
This process

Inputs to this|
index j; the
transform cos
in raster scan

Output of th
component i

The dequanti

quantization of low-pass coefficients

order.

yation process for LP coefficients proceeds as in Table 147.

s applied for the LP coefficients of an entire macroblock, for all color components)

Table 147 — Pseudocode for function'DequantizeLPCoefficients( )

equantizeLPCoefficients( ) {

Reference

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

k = MBQPIndexLP[MBx][MBy]

valueQP[i] = LPQuantParam[i][k]

if(i==0)

iQuantScalingFactor[i} ¥ QuantMap(valueQP[i], 1) 9.8.4
else

iQuantScalingFactor[i] = QuantMap(valueQP[i], 0) 9.8.4

if (i == 0) /* Luma Component */

for G=1;j&H15; j++H)

MbDCIP[MBx][MBy][i][j] =

MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]

else if(@INTERNAL_CLR_FMT |= YUV422) &&
(INTERNAL CLR FMT != YUV420))

for(G=1;j<=15;j++)

MbDCLP[MBx][MBYy][i][j] =

MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]

process are the values LPQuantParam[i][j] of LP quantization parameters, fo each color component i and
quantization parameter index MBQPIndexLP[MBx][MBYy]; the array MbDCLP[MBx][MBy][i][j
fficients, with i representing the color component, and j referencing the,LP transform coefficients,

of LP
indexed

is process is an array of scaled LP transform coefficients MbDCLP[MBx][MBYy][i][j], for eadh color
ind index j ranging from 1 to 15, referencing the respective KP transform coefficient.

else if INTERNAL CLR _FMT ==YUV422)

for(j=1;j<=7;j++)

MbDCLP[MBx][MBYy][i][j] =

MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]

else /* if INTERNAL CLR_FMT ==YUV420) */

for(j=1;j<=3;j++)

MbDCLP[MBx][MBYy][i][j] =

MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]
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9.8.3  Dequantization of high-pass coefficients
This process is applied for the HP coefficients of an entire macroblock, for all color components.

Inputs to this process are the values HPQuantParam[i][j] of HP quantization parameters, for each color component i and
index j; the quantization parameter index MBQPIndexHP[MBx][MBYy]; the array MBBuffer[MBx][MBy][i][j] of HP
transform coefficients, where i and j are indices, with i representing the color component, and j ranging from 1 to 255.

Output of this process is an array of scaled HP transform coefficients MBBuffer[MBx][MBy][i][j], for each color
component i and index j ranging from 1 to 255, referencing the respective HP transform coefficient.

The dequantization process for HP coefficients proceeds as in Table 148.

Iable 140 — Fseudocode 1or runction Dequantizearcoelncients( )

DequantizeHPCoefficients( ) { Reference
for (i = 0; i < NumComponents; i++) {
k = MBQPIndexHP[MBx][MBy]
valueQP[i] = HPQuantParam[i][k]
iQuantScalingFactor[i] = QuantMap(valueQP[i], 1) 9.8.4
if (i==0) /* Luma Component */
for (blkIndex = 0; blkIndex <= 15; blkIndex++)
for j=1;j<=15; j++)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantScalingFactorfi]
else if (INTERNAL_CLR_FMT !=YUV422) &&
(INTERNAL CLR_FMT !=YUV420))
for (blkIndex = 0; blkIndex <= 15; blkIndex++)
for (j=1;j <= 15; j++)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][ 16¥blkIndex + j] *
iQuantScalingFactor[i]
else if INTERNAL CLR FMT ==YUV422)
for (blkIndex = 0; blkIndex <= blkIndex++)
for (j=1;j <= 15; j++)
MBBuffer[MBx}{MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantSealingFactor[i]
else /* if INTERNAL* CLR_FMT ==YUV420) */
for (blkIndex =0; blkIndex <= 3; blkIndex++)
for (=15 j <=15;j+4)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantScalingFactor[i]
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9.8.4 QuantMap()

The function QuantMap is used above to compute the scaling parameters based on the parsed syntax elements QP. The
pseudocode for this function is specified in Table 149.

Table 149 — Pseudocode for function QuantMap()

QuantMap(iQP, iScaledShift) {

Reference

if (0= = iQP)

iQuantScalingFactorResult = 1

else if ISCALED FLAG) {

iNotScaledShift = —2

ITOQP<327%

iMan = (iQP + 3) >> 2

iExp=0

} else if (1IQP < 48) {

iMan = (16 + (iQP % 16) + 1) >> |

iExp = (iIQP>>4) + iNotScaledShift

} else {

iMan = 16 + (iQP % 16)

iExp = (iIQP>>4) —1 + iNotScaledShift

}

iQuantScalingFactorResult = iMan << iExp

} else { /* SCALED FLAG is TRUE, but not (0 == iQP) */

if (iIQP < 16) {

iMan = iQP
iExp = iScaledShift
} else {

iMan = 16 + (iQP % 16)

iExp = ((IQP >>4) — 1) + iScaledShift

}

iQuantScalingFactorResult = iMan << iExp

!

return iQuantScalingFactorResult

NOTE - The
SCALED FLA

9.9 Sample reconstruction

9.9.1 Oy

Inputs to this
plane, and th

erview

syntax element OVERLAP_ _MODE.

nput parameter iScaledShift (takes the value of either 0 or 1, dependent on the component and bangd. When
\G is equal to TRUE, the quantization scaling factor value can be modified by a power of 2. See the note at the end of
subclause 9.9.3.

progess are the values MbDCLP[MBx][MBy][i][j] and MBBuffer[MBx][MBy][i][j] for the entirf image

Outputs of th

The sample reconstruction process proceeds as in Table 150.

120

S process are the decoded samples 1or the 1image plane.
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Table 150 — Pseudocode for function SampleReconstruction( )

SampleReconstruction( ) { Reference
FirstLevellnverseTransform( ) 9.9.2
if OVERLAP MODE = =2)

FirstLevelOverlapFiltering( ) 9.9.3
SecondLevelCoefficientCombination( ) 9.9.4
SecondLevellnverseTransform( ) 9.9.5
if (OVERLAP MODE !=0)

SecondLevelOverlapFiltering( ) 9.9.6

i

NOTE — Because the first-level overlap filtering process in general involves interaction with adjacent macroblockd, the first-level
trandform process must be complete for these adjacent macroblocks, prior to the overlap filtering proces§ being| invoked. This
precgdence relationship also holds between the second level processes: the second level's transform process, must e complete for

the gdjacent macroblocks prior to the second level overlap filtering process.

9.9.2 First level inverse transform

Inputs tp this process are the values MbDCLP[MBx][MBy][i][j] for the entire cold*component.

Outputq to this process are the modified values MbDCLP[MBx][MBy][i][j] for the current macroblock.
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The first-level inverse transform process is specified as in Table 151.

Table 151 — Pseudocode for function FirstLevellnverseTransform( )

FirstLevellnverseTransform( ) {

Reference

for (i = 0; i < NumComponents; i++)

for (MBy = 0; MBy < MBHeight; MBy++)

for (MBx = 0; MBx < MBWidth; MBx++)

(INTERNAL CLR FMT != YUV422)) {

if (i==0) | | (INTERNAL_CLR_FMT = YUV420) &&

ICT4x4(MbDCLP[MBx][MByI[il[ ))

9.9.7.1

if (> 0) && SCALED_FLAG)

forg=055<=15;)++)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][il[j]

} else if INTERNAL CLR FMT ==YUV420) {

T2x2h(MbDCLP[MBx][MBy][i][ ], 0)

9.9.7.2

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][1], MbDCLP[MBx][MBy][i][2]}

InvPermute2pt(arrayLocal[ ])

99:.6

MbDCLP[MBx][MBy][i][1] = arrayLocal[0]

MbDCLP[MBx][MBy][i][2] = arrayLocal[ 1]

if (> 0) && SCALED FLAG)

for G=0;j<=3;j+1)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i][j]

} else if INTERNAL CLR FMT = = YUV422) {

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][0], MbDCLP[MBx}[MBy][i][4]}

T2pt(arrayLocal[ ])

9.9.7.7

MbDCLP[MBx][MBy][i][0] = arrayLocal[0]

MbDCLP[MBx][MBy][i][4] = arrayLocal[1]

T2x2h(MbDCLP[MBx][MBy][i][ ], 0)

9.9.7.2

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][ L}, MbDCLP[MBx][MBy][i][2]}

InvPermute2pt(arrayLocal[ ])

9.9.7.6

MbDCLP[MBx][MBy][i][1] = arrayLo¢al{0]

MbDCLP[MBx][MBy][i][2] = arrayLocal[ 1]

arrayLocal[ | = {MbDCLP[MBx][MBy][i][4], MbDCLP[MBx][MBy][i][6],
MbDCLP[MBx][MBy][i][5], MbDCLP[MBx][MBy][i][7]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

MbDCLP[MBx][MByl{i][4] = arrayLocal[0

MbDCLP[MBx][MBy][i][5] = arrayLocal[2

1l ]

MbDCLP[MBx][MBy}{i][6] = arrayLocal[ 1]
Il ]
[

MbDCLP[MBx][MBy][i][7] = arrayLocal[3]

arrayLocal[ = {MbDCLP[MBx][MBy][i][5], MbDCLP[MBx][MBy][i][6]}

InvPermute2pt(arrayLocal[ ])

9.9.7.6

1
MbRCEP[MBx][MBy][i][5] = arrayLocal[0]

MbDCLP[MBx][MBy][i][6] = arrayLocal[1]

if((i > 0) && SCALED FLAG)

for =0;,j<=7;j+)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i][j]

NOTE — The purpose of the multiplication by 2 for Chroma components, in circumstances where scaling is involved, is to
re-normalize the chroma with respect to the Y component. Due to possible conversion from RGB to YUV during encoding, the U
and V components may have a numerical range that has increased by one bit. [f SCALED FLAG is equal to TRUE, the dynamic
range of the (DC and LP) U and V component values could potentially grow beyond 16 bits, due to the numerical range expansion
associated with the two levels of transform on the encode side (for the DC and LP coefficients). Therefore, the quantization
parameter for these chroma components is set to half the value used for luma components. The coefficients are scaled by this

factor of two at the end of the first-level transform process.
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First level overlap filtering

Overview

NOTE — The process specification below formalizes the geometric nature of the overlap filtering process. The various cases are
described below:

block straddling these four blocks evenly (i.e., overlapping with a 2x2 corner of each

interior: At every point where four 4x4 blocks meet in a corner, the 4x4 overlap filter process is applied to the 4x4

block). When

HARD TILING FLAG is equal to FALSE, the 4x4 overlap filter process is applied across tile boundaries as well.

top and bottom two rows: Along both the top two sample rows and the bottom two sample rows, a 4-point overlap filter

process is applied evenly across adjacent block boundaries (overlapping with a 1x2 strip of each block). When
HARD TILING FLAG is equal to TRUE, the 4-point overlap filter process is applied across the top 2 rows and

bottom 2 rows of tiles as well.

Add
chro

Inputs ¢
MBHei

Outputs
The firg

right-most and left-most two columns: Along both the left-most two sample columns and the right-m
columns, a 4-point overlap filter process is applied evenly across adjacent block boundaries (ovet
2x1 strip of each block). When HARD TILING FLAG is equal to TRUE, the 4-point ovetlap f
applied across the top 2 columns and bottom 2 columns of tiles as well.

four corners: Over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, a 4-poi
process is applied in a raster scan order (top-left, top-right, bottom-lefty“then bottom|
HARD TILING FLAG is equal to TRUE, the 4-point overlap filter process is_applied to the four
tile as well.

Ima components for each of the above cases. These case are described below:

chroma interior: The 2x2 overlap filter process is applied to the 2x2 bleck straddling interior block bot
HARD TILING FLAG is equal to FALSE, the 2x2 overlap filter process is applied across tile bour

chroma top and bottom rows: Along both the top sample row and.'the bottom sample row, a 2-poin
process is applied evenly across adjacent block boundariesC"When HARD TILING FLAG is equaj
2-point overlap filter process is applied across the top row and bottom row of tiles as well.

st two sample
lapping with a
Iter process is

t overlap filter
Fright).  When
orners of each

tionally, when INTERNAL CLR FMT is equal to either YUV422 or YUV420, alternate processes are conpidered for the

ndaries. When
daries as well.

L overlap filter
to TRUE, the

chroma right-most and left-most columns: Along both the\left-most sample column and the right-most

well.

chroma four corners: Over the corner 1x1 bloeks in the top-left, top-right, bottom-left and bottom-ri
coefficient residual process (specified” in subclause 9.9.3.3 and subclause 9.9.3.4) is
HARD TILING FLAG is equal to;TRUE, the adjacent coefficient residual process is applied to t
of each tile as well.

p this process are the values MbDCLR[MBx][MBy][i][j] for the entire image plane, and the values )
bht.

to this process are the modified values MbDCLP[MBx][MBy][i][j] for the current macroblock.

t-level overlap filtering process is specified in Table 152.

Table 152 — Pseudocode for function FirstLevelOverlapFiltering( )

mple column,

a 2-point overlap filter process is applied evenly.acfoss adjacent block boundaries. When HARD TILING FLAG
is equal to TRUE, the 2-point overlap filter process is applied across the top column and bottom cojumn of tiles as

t, an adjacent
plied. When
he four corners

U BWidth and

Firstll

LevelOverlapFiltering() {

Reference

fo

r (i = 0; i< NumComponents; i++)

if ((===0) || (INTERNAL CLR FMT |= YUV420) &&(INTERNAL CLR _FMT |= YUV422)))

FEirstLevelOverlapFilteringPrimary(i)

9.9.3.2

als¢ if INTERNAL CLR FMT ==YUV422)

FirstLevelOverlapFiltering422(i)

9.93.3

else if INTERNAL_CLR_FMT ==YUV420)

FirstLevelOverlapFiltering420(i)

9.9.34
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9.9.3.2 FirstLevelOverlapFilteringPrimary( )
Pseudocode for the function FirstLevelOverlapFilteringPrimary( ) is specified in Table 153.

Table 153 — Pseudocode for function FirstLevelOverlapFilteringPrimary( )

FirstLevelOverlapFilteringPrimary(i) {

Reference

for (Ty = 0; Ty <= (NumTileRows — 1); Ty++) {

for (Tx = 0; Tx <= (NumTileCols — 1); Tx++) {

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++)

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++)

FirstLevelCallOverlapPostFilter4x4(i, x, y)

9.9.3.5

T O T HARD_TICING TEAG— — TROE)) {7 efredge

x = LeftMBIndexOfTile[ Tx]

for (y = TopMBIndexOfTile[Ty]; y <= TopMBIndexOfTile[Ty + 1] — 2; y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][8], MbDCLP[x][y][i][12],
MbDCLP[x][y+1][i][0], MbDCLP[x][y+1][i][4]}

OverlapPostFilter4(arrayLocal[ ])

9.9.82

MbDCLP[x][y][i][8] = arrayLocal[0]

MbDCLP[x][y][i][12] = arrayLocal[1]

MbDCLP[x][y+1][i][0] = arrayLocal[2]

MbDCLP[x][y+1][i][4] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[x][y][i][9], MbDCLP[x][y][i][13],
MbDCLP[x][y+1][i][1], MbDCLP[x][y+1][i][5]}

OverlapPostFilter4(arrayLocal[ ])

9.9.82

MbDCLP[x][y][i][9] = arrayLocal[0]

MbDCLP[x][y][i][13] = arrayLocal[ 1]

]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x][y+1][i][5] = arrayLocal[3]

}

f((Ty==0) || (HARD TILING FLAG == TRUE){/* Top edge */

y = TopMBIndexOfTile[Ty]

for (x = LeftMBIndexOfTile[Tx]; x <= LeftMBIndexOfTile[Tx + 1] — 2; x++) {

arrayLocal[ | = {MbDCLP[x][y][i][2[xMbDCLP[x][y][il[3],
MbDCLP[x+1][y][i][0], MbDELP[x+1][y][i][1]}

OverlapPostFilter4(arrayLocal[ )

9.9.842

MbDCLP[x][y][i][2] = arraylocal[0]

MbDCLP[x][y][i][3] =(arrayLocal[1]

MbDCLP[x+1][y][i][0] = arrayLocal[2]

MbDCLP[x+1][y][i]{1] = arrayLocal[3]

arrayLocal[ ] £ {MbDCLP[x][y][i][6], MbDCLP[x][y][i][7],
MbDCLP[x+1][y][i][4], MbDCLP[x+1][y][i][5]}

OverlapPostFilter4(arrayLocal[ ])

9.9.82

MbDCEP[x][y][i][6] = arrayLocal[0]

MbDCLP[x][y][i][7] = arrayLocal[1]

MbDCLP[x+1][y][i][4] = arrayLocal[2]
MbDCLP[x+1][y][i][5] = arrayLocal[3]

!

}

if (Tx == NumTileCols — 1) | | (HARD_TILING FLAG == TRUE)) { /* Right edge */

x = LeftMBIndexOfTile[Tx + 1] — 1

for (y = TopMBIndexOfTile[Ty]; y <= TopMBIndexOfTile[Ty + 1] — 2; y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][14],
MbDCLP[x][y+1][i][2], MbDCLP[x][y+1][i][6]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][14] = arrayLocal[ 1]

MbDCLP[x][y+1][i][2] = arrayLocal[2]

MbDCLP[x][y+1][i][6] = arrayLocal[3]

[ | |

arrayLocal[ ] = {MbDCLP[x][y][i][11], MbDCLP[x][y][i][15],
MbDCLP[x][y+1][i][3], MbDCLP[x][y+1][i][ 7]}
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FirstLevelOverlapFilteringPrimary(i) {

Reference

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][11] = arrayLocal[0]

MbDCLP[x][y][i][15] = arrayLocal[ 1]

10y1(]
MbDCLP[x][y+1][i][3] = arrayLocal[2]
MbDCLP[x][y+1][i][7] = arrayLocal[3]

;

;

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom edge */

y = TopMBIndexOfTile[Ty + 1] — 1

for (x = LeftMBIndexOfTile[Tx]; x <= LeftMBIndexOfTile[Tx + 1] — 2; x++) {

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],

MBDCLP[x+ I[yI[I[8], MbDCLP[x+ IIIYI[iOT}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][11] = arrayLocal[ 1]

]
MbDCLP[x+1][y][i][8] = arrayLocal[2]
MbDCLP[x+1][y][i][9] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[x][y][i][14], MbDCLP[x][y][il[15],
MbDCLP[x+1][y][i][12], MbDCLP[x+1][y][i][13]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][14] = arrayLocal[0]

MbDCLP[x][y][i][15] = arrayLocal[1]

]
MbDCLP[x+1][y][i][12] = arrayLocal[2]
MbDCLP[x+1][y][i][13] = arrayLocal[3]

H

}

if (Tx==0) && (Ty == 0)) | | (HARD TILING FLAG <> TRUE)) { /* Top left corner */

x = LeftMBIndexOfTile[ Tx]

y = TopMBIndexOfTile[Ty]

arrayLocal[ ] = {MbDCLP[x][y][i][0], MbDELP[x][y][i][ 1],
MbDCLP[x][y][i][4], MbDCLP[x][yJfi]f51}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][0] = arrayLocal[0

MbDCLP[x][y][i][1] = arrayLocal]\l

]
IIyIf0] = ]
MbDCLP[x][y][i][4] = arrayLécal[2]
MbDCLP[x][y][i][5] = arrayLocal[3]

;

if (Tx = = NumTileCols 1) && (Ty = =0)) | | (HARD_TILING_FLAG = = TRUE)) {
/* Top right corner %/

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBlandexOfTile[ Ty]

arrayLocal{] = {MbDCLP[x][y][i][2], MbDCLP[x][y][i][3],
MbDCLP[x][y][i][6], MbDCLP[x][y][i][7]}

OxeflapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][2] = arrayLocal[0

]
MbDCLP[x][y][i][3] = arrayLocal[1]
MbDCLP[x][y][i][6] = arrayLocal[2]

MbDCI PIxJIVI[[7] = arrayl ocal[3]

;

if (Tx ==0) && (Ty == NumTileRows — 1)) | | (HARD_TILING FLAG == TRUE)) {
/* Bottom left corner */

x = LeftMBIndexOfTile[Tx]

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][8], MbDCLP[x][y][i][9],
MbDCLP[x][y][i][12], MbDCLP[x][y][i][13]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][8] = arrayLocal[0]

MbDCLP[x][y][i][9] = arrayLocal[1]

10y1li]
MbDCLP[x][y][i][12] = arrayLocal[2]
1lylli]

]
]
MbDCLP[x][y][i][13] = arrayLocal[3]
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FirstLevelOverlapFilteringPrimary(i) { Reference
if (Tx == NumTileCols — 1) && (Ty == NumTileRows — 1)) | |
(HARD TILING FLAG == TRUE)) { /* Bottom right corner */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],
MbDCLP[x][y][i][14], MbDCLP[x][y][i][15]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][10] = arrayLocal[0]
MbDCLP[x][y][i][11] = arrayLocal[1]
MbDCLP[x][y][i][14] = arrayLocal[2]
MbDCLP[x][y][i][15] = arrayLocal[3]

f (HARD_TILING FLAG == FALSE) && (Tx !=NumTileCols — 1)) {
/* Right across for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++)
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.35

f (HARD_TILING_FLAG == FALSE) && (Ty !=NumTileRows — 1)) {
/* Bottom across for soft tiles */
y = TopMBIndexOfTile[Ty + 1] — 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LefftMBIndexOfTile[Tx + 1] — 2);xF)
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.315

f (HARD_TILING_FLAG == FALSE) && (Tx !=NumTileCols — 1)y &&
(Ty != NumTileRows — 1)) { /* Bottom across for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.3l5

f (HARD_TILING_FLAG ==FALSE) && (Tx =70) && (Ty != NumTileRows — 1)) {
/* Left edge for soft tiles */
x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][8];MbDCLP[x][y][i][12],

MbDCLP[x][y+1][i][0], MbDCLP[x][y+11[i][4]}
OverlapPostFilter4(arrayLocal[(]) 9.9.82
MbDCLP[x][y][i][8] = arrdyL:ocal[0]

MbDCLP[x][y][i][12] = arrayLocal[ 1]
MbDCLP[x][y+1][i]{0].= arrayLocal[2]
MbDCLP[x][y+1][i][4] = arrayLocal[3]

arrayLocal[ ] ={MbDCLP[x][y][i][9], MbDCLP[x][y][i][13],

MbDCLP[x][y+1][i][1], MbDCLP[x][y+1][il[5]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.82
MbDCLP[x][y][i][9] = arrayLocal[0]
MbDCLP[x][y][i][13] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x][y+1][i][5] = arrayLocal[3]

H
if (HARD_TILING FLAG == FALSE) && (Tx !=NumTileCols — 1) && (Ty ==0)) {
/* Top edge for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty]
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y][i][3],
MbDCLP[x+1][y][i][0], MbDCLP[x+1][y][i][1]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][3] = arrayLocal[1]
MbDCLP[x+1][y][i][0] = arrayLocal[2]
MbDCLP[x+1][y][i][1] = arrayLocal[3]
arrayLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y][i][7],
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FirstLevelOverlapFilteringPrimary(i) {

Reference

MbDCLP[x+1][y][i][4], MbDCLP[x+11[y][i][5]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][6] = arrayLocal[0]

MbDCLP[x][y][i][7] = arrayLocal[1]

MbDCLP[x+1][y][i][4] = arrayLocal[2]
MbDCLP[x+1][y][i][5] = arrayLocal[3]

;

if (HARD_TILING FLAG = = FALSE) && (Tx = = NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) { /* Right edge for soft tiles */

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal] ] = {MbDCLP[x][y][1]110], MBDCLPIX ][yl 14],
MbDCLP[x][y+1][i][2], MbDCLP[x][y+1][i][6]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][14] = arrayLocal[ 1]

MbDCLP[x][y+1][i][2] = arrayLocal[2]

MbDCLP[x][y+1][i][6] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[x][y][i][11], MbDCLP[x][y][i][15],
MbDCLP[x][y+1][i][4], MbDCLP[x][y+1][i][ 7]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][11] = arrayLocal[0]

MbDCLP[x][y][i][15] = arrayLocal[1]

10y1[i]
MbDCLP[x][y+1][i][4] = arrayLocal[2]
MbDCLP[x][y+1][i][7] = arrayLocal[3]

}

if (HARD_TILING_FLAG == FALSE) && (Tx != NumTiléCols — 1) &&
(Ty == NumTileRows — 1)) { /* Bottom edge for soft.tiles */

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbBCLP[x][y][il[11],
MbDCLP[x+1][y][i][8], MbDCLP[x+H][y][i][9]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][11] = arraylcogcal[1]

MbDCLP[x+1][y][i][8] =-arrayLocal[2]

MbDCLP[x+1][y][i][9] &arrayLocal[3]

arrayLocal[ ] = {MbDGLP[x][y][i][14], MbDCLP[x][y][i][15],
MbDCLP[x+1][y][i][12], MbDCLP[x+1][y][i][13]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][14] = arrayLocal[0]

MbDCLPx][y][i][15] = arrayLocal[ 1]

MbDELP[x+1][y][i][12] = arrayLocal[2]

]
MbDCLP[x+1][y][i][13] = arrayLocal[3]
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9.9.3.3 FirstLevelOverlapFiltering422()
Pseudocode for the function FirstLevelOverlapFiltering422( ) is specified in Table 154.

Table 154 — Pseudocode for function FirstLevelOverlapFiltering422( )

FirstLevelOverlapFiltering422(i) { Reference
for (Ty = 0; Ty <= (NumTileRows — 1); Ty ++) {
if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */
/* OverlapPostFilter] */
y = TopMBIndexOfTile[ Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] —= MbDCLP[LefiMBIndexOfTile[0]][y][i][1]
UppCl ICTL COITICT UITICITIICUT
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][1] —=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][0] /* Upper right corner difference */
f(HARD TILING FLAG == TRUE)
for (Tx = 1; Tx <(NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][0] —= MbDCLP[LeftMBIndexOfTile[ Tx] ][yl ]
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][1] —=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][0]

H

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom &dg¢ */
* OverlapPostFilter] */
= TopMBIndexOfTile[Ty + 1] — 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][6] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][7]
/* Bottom left corner difference */
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][7] —=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][6]/* Bottom right corner difference */
f(HARD TILING FLAG == TRUE)
for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][6] =<MbDCLP[LeftMBIndexOfTile[Tx]][y][il[7]
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][H[7] —=
MbDCLP[LeftMBIndexOfTile[ Tx] <u}[y][i][6]

H

for (Tx = 0; Tx <= (NumTileCols — 1); Tx++)*{
for (y = TopMBIndexOfTile[Ty];.yr<= (TopMBIndexOfTile[Ty + 1] — 1); y++)
for (x = LeftMBIndexOfTile[ Fx]; x <= (LefftMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCEP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][yIi][5], MbDCLP[x+1][y][i][4]}
OverlapPostFiltér2x2(arrayLocal[ ]) 9.9.83
MbDCLP[x][yl[i][3] = arrayLocal[0]
MbDCLPx+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y][i][5] = arrayLocal[2]
MbDCLP[x+1][y][i][4] = arrayLocal[3]
if(y = (TopMBIndexOfTile[Ty + 1] — 1)) {
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x+1][y][i][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapPostFilter2x2(arrayLocal] |) 9.98.3
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

;

H
if (Tx==0) || (HARD TILING FLAG == TRUE)) { /* Left edge */

x = LeftMBIndexOfTile[ Tx]

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 1); y++) {
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y][il[4]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][4] = arrayLocal[1]
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FirstLevelOverlapFiltering422(i) { Reference
if (y != (TopMBIndexOfTile[Ty + 1] — 1)) {
arrayLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][6] = arrayLocal[0]
MbDCLP[x][y+1][i][0] = arrayLocal[1]
}

I
}
if (Tx == NumTileCols — 1) | | (HARD_TILING FLAG == TRUE)) { /* Right edge */
x = LeftMBIndexOfTile[Tx + 1] — 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 1); y++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y][il[5]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x][y][i][5] = arrayLocal[1]
if (y != (TopMBIndexOfTile[Ty + 1] — 1)) {
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x][y+1][i][ 1]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x][y+1][i][1] = arrayLocal[1]
H

}
}
if (Ty==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */
y = TopMBIndexOfTile[Ty]
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTFile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLRx+V|[y][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

;

}
if (Ty == NumTileRows — 1) | | (HARD,TILING FLAG == TRUE)) { /* Bottom edge */

y = TopMBIndexOfTile[ Ty + 1] =

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDEEP[x][y][i][7], MbDCLP[x+1][y][i][6]}
OverlapPostFilter2¢atrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][1}{7] = arrayLocal[0]
MbDCLP[x+l][y][i][6] = arrayLocal[1]

H
}
if (HARDATIEING_FLAG ==FALSE) && (Tx !=NumTileCols — 1)) {

/* Raghit'across for soft tiles */

x= LeftMBIndexOfTile[Tx + 1] — 1

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],

MbDCLP[x][y][i][5], MbDCLP[x+1][y][il[4]}
OverlapPostFitter2x2tarrayboeat 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y][i][5] = arrayLocal[2]
MbDCLP[x+1][y][i][4] = arrayLocal[3]
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x+1][y][i][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

© ISO/IEC 2012 — All rights reserved 129


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

FirstLevelOverlapFiltering422(i) { Reference
if (HARD_TILING FLAG == FALSE) && (Ty !=NumTileRows — 1)) {
/* Bottom across for soft tiles */
y = TopMBIndexOfTile[Ty + 1] — 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LeffMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y][il[5], MbDCLP[x-+1][y][i][4]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y][i][5] = arrayLocal[2]
MbDCLP[x+1][y][i][4] = arrayLocal[3]
arrayLocal] | = {MbDCLP[x][y][1]] /], MbDCLP[x+1][y][1][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.83
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

;

f (HARD_TILING _FLAG == FALSE) && (Tx !=NumTileCols — 1) &&

(Ty != NumTileRows — 1)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][il[2],
MbDCLP[x][yl[il[5], MbDCLP[x+1][y][il[4]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.843

MbDCLP[x][y][i][3] = arrayLocal[0]

MbDCLP[x+1][y][i][2] = arrayLocal[1]

MbDCLP[x][y][i][5] = arrayLocal[2]

MbDCLP[x+1][y][i][4] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLPx+1][y][i][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+Hfy+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.83

MbDCLP[x][y][i][7] = arrayLocal[0]

MbDCLP[x+1][y][i][6] = arrayL.ocalf1]

MbDCLP[x][y+1][i][1] = arrayLocal[2]

MbDCLP[x+1][y+1][i][0] & arrayLocal[3]

f (HARD_TILING FLAG==FALSE) && (Tx ==0) && (Ty != NumTileRows — 1)) {
x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[s} 5 {MbDCLP[x][y][i][2], MbDCLP[x][y][il[4]}
OverlapPestFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][4] = arrayLocal[1]
artayLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y+1][i][0]}
OverlapPostFilter?(arrayl.ocal[ ]) 99484
MbDCLP[x][y][i][6] = arrayLocal[0]
MbDCLP[x][y+1][i][0] = arrayLocal[1]
}
if (HARD_TILING_FLAG == FALSE) && (Tx ==NumTileCols — 1) &&
(Ty != NumTileRows — 1)) {
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y][il[5]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x][y][i][5] = arrayLocal[1]
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x][y+1][i][1]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
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FirstLevelOverlapFiltering422(i) {

Reference

MbDCLP[x][y][i][7] = arrayLocal[0]

MbDCLP[x][y+1][i][1] = arrayLocal[1]

;

if (HARD TILING FLAG == FALSE) && (Tx = NumTileCols — 1) && (Ty = =0)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty]

arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y][i][0]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][1] = arrayLocal[0]

MbDCLP[x+1][y][i][0] = arrayLocal[1]

;

if (HARD_TILING FLAG = = FALSE) && (Ix I= NumTileCols - 1) &&
(Ty ==NumTileRows — 1)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x+1][y][i][6]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][7] = arrayLocal[0]

MbDCLP[x+1][y][i][6] = arrayLocal[1]

H

}

if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /*Top edge */

/* OverlapPostFilter] */

y = TopMBIndexOfTile[Ty]

MbDCLP[LeftMBIndexOfTile[0]][y][i][0] += MbDCLP[LefiMBIndexOfTile[0]][y][i][1]
/* Upper left corner addition */

MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][A=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1§[y][i][0] /* Upper right corner addition */

if (HARD_TILING FLAG ==TRUE)

for (Tx = 1; Tx <(NumTileCols — 1); Tx++) 4

MbDCLP[LeftMBIndexOfTile[ Tx]][yI[i]f0] += MbDCLP[LeftMBIndexOfTile[Tx]|[yl[i][1]

MbDCLP[LeftMBIndexOfTile[ Tx] — N[y][i][1] +=
MbDCLP[LeftMBIndexOfTifefTx] — 1][y][i][0]

H

}

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom edge */

/* OverlapPostFilter]l */

y = TopMBIndexOfTile[Ty+ 1] — 1

MbDCLP[LeftMBIndexOfTile[0]][y][i][6] = MbDCLP[LeftMBIndexOfTile[0]][y][i][7]
/* Bottom left‘¢orner addition */

MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][7] +=
MbDCLP{LeftMBIndexOfTile[NumTileCols] — 1][y][i][6] /* Bottom right corner addition */

if (HARD-TILING FLAG == TRUE)

for(Tx = 1; Tx < (NumTileCols — 1); Tx++) {

MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][6] += MbDCLP[LeftMBIndexOfTile[ Tx]][y][il[7]

MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][7] +=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][6]
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9.9.3.4 FirstLevelOverlapFiltering420()
Pseudocode for the function FirstLevelOverlapFiltering420( ) is specified in Table 155.

Table 155 — Pseudocode for function FirstLevelOverlapFiltering420( )

FirstLevelOverlapFiltering420(i) { Reference
for (Ty = 0; Ty <= (NumTileRows — 1); Ty ++) {
if (Ty==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */
/* OverlapPostFilter]l */
y = TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][1]

2L L 1ot d.LL F3
CPPCrTCIT CoTrnerarrerenee

MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][1] —=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][0] /* Upper right corner difference */
f(HARD TILING FLAG == TRUE)
for (Tx = 1; Tx <(NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][0] == MbDCLP[LeftMBIndexOfTile[ Tx]][yl[u[l]
MbDCLP[LeftMBIndexOfTile[ Tx] — 1][y][i][1] —=
MbDCLP[LeftMBIndexOfTile[ Tx] — 1][y][i][0]

}

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom ¢dge”*/
* OverlapPostFilter] */
= TopMBIndexOfTile[Ty + 1] — 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][2] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][3]
/* Bottom left corner difference */
MbIDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][3] —=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][2] /* Bottem right corner difference */
f (HARD_TILING_FLAG == TRUE)
for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][2] —="MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][3]
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y]l}{3] —=
MbDCLP[LeftMBIndexOfTile[ Tx] =1][y][i][2]

;

for (Tx = 0; Tx <= (NumTileCols — 1); Tx+).f
for (y = TopMBIndexOfTile[Ty]; y <&(TopMBIndexOfTile[Ty + 1] — 2); y++)
for (x = LeftMBIndexOfTile[Fx}; x <= (LeffiMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][ys11[i][1], MbDCLP[x+1][y+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.83
MbDCLP[x}{yi[i][3] = arrayLocal[0]
MbDCLR[x*¥][y][i][2] = arrayLocal[1]
MbDCEP[X][y+1][i][1] = arrayLocal[2]
MbBELP[x+1][y+1][i][0] = arrayLocal[3]

}
f(TX==0) | | (HARD TILING FLAG == TRUE)) { /* Left edge */

x = LeftMBIndexOfTile[Tx]

for (v = TanRTnHPYﬂWi]P[T\/}' v <= (TanRTnHPYﬂf’TiIP[Tv + ]] —2) yi+) {
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y+1][i][0] = arrayLocal[1]

H
}
if (Tx == NumTileCols — 1) | | (HARD_TILING FLAG == TRUE)) { /* Right edge */
x = LeftMBIndexOfTile[Tx + 1] — 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y+1][i][1]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x][y+1][i][1] = arrayLocal[1]
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FirstLevelOverlapFiltering420(i) { Reference
H
}
if (Ty==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */
y = TopMBIndexOfTile[Ty]
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

;

}

T({(Ty == NumTilcRows — 1) [ J(HARD TILING FLAG == TRUE)) 1/~ Boffom edge *
y = TopMBIndexOfTile[Ty + 1] — 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LeffMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][il[2]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]

H
}
if (HARD_TILING _FLAG ==FALSE) && (Tx !=NumTileCols — 1)) {
/* Right across for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[ Ty 4] — 2); y++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y]f]f2],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0}}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal{3]

H
}
if (HARD_TILING_FLAG == FALSE)&& (Ty != NumTileRows — 1)) {
/* Bottom across for soft tiles %/
y = TopMBIndexOfTile[ Ty, +\[T— 1
for (x = LeftMBIndexOfFile[Tx]; x <= (LefftMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapPostFiltér2x2(arrayLocal[ ]) 9.9.8.3
MbDCLPx|[y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MBBCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

i

h

if (HARD_TILING _FLAG ==FALSE) && (Tx !=NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) {
x— LetivBImdexOfTitef Tx11—1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][il[2],

MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

}

if (HARD TILING FLAG ==FALSE) && (Tx ==0) && (Ty !=NumTileRows — 1)) {
x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}
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FirstLevelOverlapFiltering420(i) { Reference
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]

MbDCLP[x][y+1][i][0] = arrayLocal[1]
}
if (HARD_TILING_FLAG == FALSE) && (Tx ==NumTileCols — 1) &&

(Ty !=NumTileRows — 1)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y+1][i][1]}

OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4

MbDCLP[x][y][i][3] = arrayLocal[0]

MbDCLPIX][y T L[] 1] = artayLocal[ 1]

f (HARD_TILING FLAG ==FALSE) && (Tx !=NumTileCols — 1) && (Ty==0)) {
x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty]

arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

f (HARD_TILING_FLAG == FALSE) && (Tx !=NumTileCols — 1) &&
(Ty ==NumTileRows — 1)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][il[2]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]

if (Ty ==0) [ (HARD TILING FLAG == TRUE)) [**Top edge */
* OverlapPostFilter] */
= TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] += MbDCLP[LeftMBIndexOfTile[0]][y][i][1]
/* Upper left corner addition */
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][1] +=
MbDCLP[LeftMBIndexOfFilefNumTileCols] — 1][y][i][0] /* Upper right corner addition */
f(HARD TILING FLAG ==TRUE)
for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {
MbDCLP[LefiMBIndexOfTile[ Tx]][y][i][0] += MbDCLP[LeftMBIndexOfTile[ Tx]][y][il[1]
MbDCLP[IefiMBIndexOfTile[Tx] — 1[y][i][1] +=
MbDELP[LeftMBIndexOfTile[ Tx] — 1][y][i][0]

H

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom edge */
* QverlapPostFilter] */
<= TopMBIndexOfTile[Ty + 1] — 1
vibDCEPEeftMBImdexOfTitef0tiyifiii 2 ——MbDCEPfEefitMBImdexOf Tite o1y i3]
/* Bottom left corner addition */
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][3] +=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][2] /* Bottom right corner addition */
if (HARD TILING FLAG ==TRUE)
for (Tx = 1; Tx <(NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][2] += MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][3]
MbDCLP[LeftMBIndexOfTile[ Tx] — 1][y][i][3] +=
MbDCLP[LeftMBIndexOfTile[ Tx] — 1][y][i][2]
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FirstLevelCallOverlapPostFilterx4x4()

Pseudocode for the function FirstLevelCallOverlapPostFilter4x4( ) is specified in Table 156.

Table 156 — Pseudocode for function FirstLevelCallOverlapPostFilter4x4( )

FirstLevelCallOverlapPostFilter4x4(, x, y) {

Reference

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],

MbDCLP[x+1][y][i][8], MbDCLP[x+1][y][i][9],
MbDCLP[x][y][i][14], MbDCLP[x][y][i][15],
MbDCLP[x+1][y][i][12], MbDCLP[x+1][y][i][13],
MbDCLP[x][y+1][i][2], MbDCLP[x][y+1][i][3],

MbDCL D[v+l ][‘ 4+ 1 ] [1][(\] MbDCL D[Y+l ] [v+l ][1] [1 ]
MbDCLP[x][y+1][i][6], MbDCLP[x][y+1][i][7],
MbDCLP[x+1][y+1][i][4], MbDCLP[x+1][y+1][il[5]}

erlapPostFilter4x4(arrayLocal[ ])

9.9.8.1

bDCLP[x][y][i][10] = arrayLocal[0]

bDCLP[x][y][i][11] = arrayLocal[1]
bDCLP[x+1][y][i][8] = arrayLocal[2]

]

1

bDCLP[x+1][y][i][9] = arrayLocal[3]

bDCLP[x][y][i][14] = arrayLocal[4]
[i]

\_4._,._,|_4|_4._,

bDCLP[x+1][y][i][12] = arrayLocal[6]
[

i][13] = arrayLocal[7]

bDCLP[x][y+1][i arrayLocal[8]

[
[
[
[1
bDCLP[x][y][i][15] = arrayLocal[5]
[i
[i
[i
[i

1[][12
bDCLP[x+1][y][i][13
1[2] =
bDCLP[x][y+1][i][3] = arrayLocal[9]

bDCLP[x+1][y+1][i][0] = arrayLocal[10]

[
[

—_

] = arrayLocal[11]

bDCLP[x][y+1][i][6] = arrayLocal[12]

bDCLP[x][y+1][i][7] = arrayLocal[13]

4] = arrayLocal[14]

ZIZIZIZIZIZIZZIZIZIZIZIZIZIZIZIO

J

J

]

1

1]
bDCLP[x+1][y+1][i]

1[6]

1

]

]

1=
bDCLP[x+1][y+1][i]
[i]

[
bDCLP[x+1][y+1][i][5] = arrayLocal[15]

9.9.4

NO71
The
Imag

Inputs
macrob

Outputs

Second level coefficient combination

E — At this point in the process, the DC-LP array coefficients have gone through the first-level transform and o
DC-LP array coefficients and«the’ HP coefficients are then combined in an image plane represented
ePlane[i][x][y], where the coldr component is specified by i, and x and y mark the location of the sample in the

o this process are thelwalues MbDCLP[MBx][MBy][i][j], and MBBufferfMBx][MBy][i][j], fo
ock.

to this processtare the values of ImagePlane[i][x][y], for the current macroblock.

erlap filtering.
by the values
image plane.

r the current
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The second level coefficient combination process proceeds as in Table 157.

Table 157 — Pseudocode for function SecondLevelCoefficientCombination( )

SecondLevelCoefficientCombination( ) { Reference
for (i = 0; i <NumComponents; i++) {
for (MBy = 0; MBy < MBHeight; MBy++)
for (MBx = 0; MBx < MBWidth; MBx++)
if (i==0)|| (INTERNAL_CLR_FMT !=YUV420) &&
(INTERNAL CLR FMT I= YUV422))) {
for G=0;j<=15;j++) {
x=16*MBx+4*(%4)
V=16*MBy r4*(j /%)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i][j]

H
for (j=0; j <=255; j++) {
x=16*MBx+4*((j/16)%4)+({%4)
y=16*MBy + 4 *(j/ 64) + ((j/4) % 4)
k=j%16
if (k != 0) /* only the HP coefficients are copied */
ImagePlane[i][x][y] = MBBuffer[ MBx][MBy][i][j]

H
} else if INTERNAL CLR FMT ==YUV422) {

for =0;j<=7; j++) {
x=8 *MBx+4*(j%2)
y=16*MBy+4 *(j/2)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i]j]

H
for G =0;j<=127; j++) {
x=8*MBx+4*((%32)/16)+(( %32) % 4)
y=16*MBy + 4 *(j/32) + ((i/ 4) %A)
k=j%16
if (k != 0) /* only the HP coefficients are copied */
ImagePlane[i][x][y] = MBBuffer MBx][MBy][i][j]

}
} else if INTERNAL CLR EMT ==YUV420) {

for (j =0;j <=3; j++) {
x =8 * MBx + 4%¢ % 2)
y=8 * MBy +4*(j/2)
ImagePlaneli][x][y] = MbDCLP[MBx][MBy][i][j]

}
for (j 0:5<=63; j++) {
X=8*MBx+4*((%32)/16)+((%32)%4)
y=8*MBy+4*(G/32)+((j/4) %4
k=j%16
if (k = 0) /* only the HP coefficients are copied */
ImagePlane[i][x][y] = MBBuffer[ MBx][MBy][i][j]

[~}

9.9.5 Second level inverse transform
Inputs to this process are the values ImagePlane[i][x][y] for the entire image plane.

Outputs to this process are the modified values ImagePlane[i][x][y] for the current macroblock.
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Table 158 — Pseudocode for function SecondLevellnverseTransform( )

SecondLevellnverseTransform( ) {

Reference

for (i = 0; i < NumComponents; i++)

for (x = 0; x < ExtendedWidth[i]; x +=4)

for (y = 0; y < ExtendedHeight[i]; y += 4) {

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],
ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],

TrmagePtarefiifxify 21 TmegePtanefifixr iy 21
ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}

ICT4x4(arrayLocal[ ])

9.9.7.1

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[ 1]

1
1

ImagePlane[i][x+2][y] = arrayLocal[2]
1

ImagePlaneli][x+3][y] = arrayLocal[3]

ImagePlane[i][x][y+1] = arrayLocal[4]

ImagePlane[i][x+1][y+1] = arrayLocal[5]

i
ImagePlane[i][x+2][y+1] = arrayLocal[6]

ImagePlaneli][x+3][y+1] = arrayLocal[ 7]

ImagePlane[i][x+1][y+2] = arrayLocal[9]

ImagePlane[i][x+2][y+2] = arrayLocal[10]

ImagePlane[i][x+3][y+2] = arrayLocal[11]

ImagePlane[i][x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal{14]

]
1
]
]
]
1
]
ImagePlaneli][x][y+2] = arrayLocal[ 8]
]
]
1
]
]
]
1

ImagePlane[i][x+3][y+3] = arrayLocal[ 15]

9.9.6
Inputs t
Outputs

Outputs
NOT1
(OX(

strad

) (

over)

Second level overlap filtering

b this process are the values ImagePlane[i][x][y] for the entire image plane.

to this process are theymodified values ImagePlane[i][x][y] for the entire image plane.

to this processiare-the modified values ImagePlane[i][x][y] for the current macroblock.

E — The proe€ss'specification below formalizes the geometric nature of the overlap filtering process. There are

nterior): dt eyery point in the image plane where 4 blocks meet in a corner, the 4x4 overlap filter is applied tq
dling these 4 blocks evenly (i.e., overlapping with a 2x2 corner of each block)

op/and-bottom 2 rows): along both the top two sample rows and the bottom two sample rows of the image pl4

ap filter is applied evenly across adjacent block boundaries (overlapping with a 1x2 strip of each block)

U cases:
the 4x4 block

ne, the 4-point

(3) (right-most and left-most columns): along both the left-most two sample columns and the right-most two sample columns, the
4-point overlap filter is applied evenly across adjacent block boundaries (overlapping with a 2x1 strip of each block)

(4) (four corners of the image plane): over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, the 4-point
overlap filter process is applied in a raster scan order (top-left, top-right, bottom-left, then bottom-right).

The second-level overlap filtering process is specified in Table 159.
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Table 159 — Pseudocode for function SecondLevelOverlapFiltering( )

SecondLevelOverlapFiltering() { Reference
for (i = 0; i < NumComponents; i++) {
if (i 1= 0) && (INTERNAL CLR FMT ==YUV422) || INTERNAL CLR FMT == YUV420)))
dx =2
else
dx=1
if (i 1= 0) && (INTERNAL CLR FMT ==YUV420))
dy=2
else
dy=1
for (Ix=10; Tx <= (NumT1leCols — I); TxFT) {
for (Ty = 0; Ty <= (NumTileRows — 1); Ty++) {
for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2);
X +=4)
for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1] / dy.— 2);
yt=4) {
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x+2][y], ImagePlane[i][x+3][y],

ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],

ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],

ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],

ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],

ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],

ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}
OverlapPostFilter4x4(arrayLocal[ ]) 9.9.8.1
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]
ImagePlane[i][x][y+1] = arrayLocal[4]
ImagePlane[i][x+1][y+1] = arrayLocal[5]
ImagePlane[i][x+2][y+1] = arrayLocal{6]
ImagePlane[i][x+3][y+1] = arraylocal[7]
ImagePlane[i][x][y+2] = arrayLocal[8§]
ImagePlane[i][x+1][y+2] = artrayLocal[9]
ImagePlane[i][x+2][y+2] = arrayLocal[ 10]
ImagePlane[i][x+3]fy'+2] = arrayLocal[ 11]
ImagePlane[i][x][y+3] = arrayLocal[12]
ImagePlane[i][x+1][y+3] = arrayLocal[13]
ImagePlang[i][x+2][y+3] = arrayLocal[ 14]
ImagePlang[i][x+3][y+3] = arrayLocal[ 15]

}
if (Tx =Z0)Y | (HARD TILING FLAG == TRUE)) { /* Left edge */

for((y)= 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1]/ dy — 2);
y+r=4){
x =16 * LeftMBIndexOfTile[Tx] / dx
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],

TmagePTanc[i][X][yT2], ImagePlanc[i][X][yF31¢
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[ 1]
ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]
x =16 * LeftMBIndexOfTile[Tx] / dx + 1
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[ 1]
ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]
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SecondLevelOverlapFiltering() {

Reference

}

}

if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */

x+=4) |

for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx — 2);

y =16 * TopMBIndexOfTile[Ty] / dy

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[ 1]

ImagePlanel1][x+2][y]| = arrayLocal|Z]

ImagePlane[i][x+3][y] = arrayLocal[3]

y = 16 * TopMBIndexOfTile[Ty] / dy + 1

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[ 1]

1
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

!

}

if ((Tx == NumTileCols — 1) | | (HARD TILING FLAG == TRUE)) { /* Right edge */

yt=4) {

for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1]/ dy — 2);

x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2

arrayLocal[ ] = { ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlanefa}{x][y+3]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]}

ImagePlane[i][x][y+1] = arrayLecal[ 1

(1]
ImagePlane[i][x][y+2] = arraybocal[2]

ImagePlane[i][x][y+3] = afrayLocal[3]

x =16 * LeftMBIndexOfTile[Tx + 1] /dx — 1

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlanel[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilterd(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x][y+1] = arrayLocal[1]

ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]

h

}

if ((Ty == NumTileRows — 1) | | (HARD TILING FLAG == TRUE)) { /* Bottom edge */

x+=4) {

for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2);

y =16 * TopMBIndexOfTile[Ty + 11 /dy =2

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]

y =16 * TopMBIndexOfTile[Ty + 1] /dy — 1

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]
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SecondLevelOverlapFiltering() { Reference
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

}

}
if ((Tx==0) && (Ty==0)) || (HARD TILING FLAG == TRUE)) { /* Top left edge */

x =16 * LeftMBIndexOfTile[Tx] / dx

y =16 * TopMBIndexOfTile[Ty] / dy
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane|1][x+1][y] = arrayLocal[ ]
ImagePlane[i][x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}
if ((Tx == NumTileCols — 1) && (Ty ==0)) | | (HARD_TILING _FLAG == TRUE)) {
/* Top right edge */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
y =16 * TopMBIndexOfTile[Ty] / dy
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[ 1]
ImagePlane[i][x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}

if ((Tx ==0) && (Ty == NumTileRows — 1)) | | ( HARD TILING FLAG == TRUE)) {
/* Bottom left edge */
x =16 * LeftMBIndexOfTile[Tx] / dx
y = 16 * TopMBIndexOfTile[Ty + 1]/ dy =2
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+1], ImagePlanefijx+1][y+1]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal{0]
ImagePlane[i][x+1][y] = arrayLocal[1]
ImagePlane[i][x][y+1] = arfayLocal[2]
ImagePlane[i][x+1][y+(] ="arrayLocal[3]

}

if (Tx == NumTile€als — 1) && (Ty == NumTileRows — 1)) ||
(HARD TILING) FLAG == TRUE)) { /* Bottom right edge */
x =16 * LeftMBIndexOfTile[Tx + 1]/dx — 2
y = 16 %TopMBIndexOfTile[Ty + 1]/ dy — 2
arraylocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1]}

QyerlapPostFilter4(arrayLocal[ ) 9.9.8.2
TmagePlane[i][x][y] = arrayLocal[0]
ImagePlaneli][x+1][y] = arrayl.ocal[1]
ImagePlane[i][x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}
if (HARD_TILING_FLAG ==FALSE) && (Tx !=NumTileCols — 1)) {
/* Right across for soft tiles */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1]/ dy — 2);
y+=4){
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y],ImagePlane[i][x+3][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],
ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],
ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
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SecondLevelOverlapFiltering() {

Reference

ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}

OverlapPostFilter4x4(arrayLocal[ ])

9.9.8.1

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

ImagePlane[i][x][y+1] = arrayLocal[4]

ImagePlane[i][x+1][y+1] = arrayLocal[5]

ImagePlane[i][x+2][y+1] = arrayLocal[6]

ImagePlane[i][x+3][y+1] = arrayLocal[7]

ImagePlane|1][x][y+2] = arrayLocal[§]

ImagePlane[i][x+1][y+2] = arrayLocal[9]

ImagePlane[i][x+2][y+2] = arrayLocal[ 10]

ImagePlane[i][x+3][y+2] = arrayLocal[11]

ImagePlane[i][x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal[ 14]

ImagePlane[i][x+3][y+3] = arrayLocal[ 15]

!

}

if (HARD_TILING FLAG == FALSE) && (Ty != NumTileRows/~)) {
/* Bottom across for soft tiles */

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16, * LeftMBIndexOfTile[Tx + 1] / dx — 2);
x+=4) {

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x+2][y], ImagePlane[i][x%+3][y],
ImagePlane[i][x][y+1], ImagePlanefi}{x+1][y+1],
ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],
ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
ImagePlane[i][x][y+3], JmagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}

OverlapPostFilter4x4(artayLocal[ ])

9.9.8.1

ImagePlane[i][x][y],= arfayLocal[0]

ImagePlane[i][x+d|[y] = arrayLocal[1]

ImagePlane[ilfx+2|[y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]

ImageRlane[i][x][y+1] = arrayLocal[4]

ImagePlane[i][x+1][y+1] = arrayLocal[5]

ImagePlane[i][x+2][y+1] = arrayLocal[6]

TmagePlane[i][x+3][y+1] = arrayLocal[7]

ImagePlane[i][x][y+2] = arrayLocal[8]

ImagePlane[i][x+1][y+2] = arrayLocal[9]

ImagePlane[i][x+2][y+2] = arrayLocal[10]

ImagePlane[i][x+3][y+2] = arrayLocal[ 11]

ImagePlane[i][x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal[14]

ImagePlane[i][x+3][y+3] = arrayLocal[ 15]

}

}

if (HARD_TILING_FLAG == FALSE) && (Tx != NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) {

x =16 * LeftMBIndexOfTile[Tx + 1]/ dx —2

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],
ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],
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SecondLevelOverlapFiltering() {

Reference

ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}

OverlapPostFilter4x4(arrayLocal[ ])

9.9.8.1

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

ImagePlane[i][x][y+1] = arrayLocal[4]

ImagePlane[i][x+1][y+1] = arrayLocal[5]

ImagePlane[i][x+2][y+1] = arrayLocal[6]

ImagePlanel1][x+3[[y+1] = arrayLocal[ /]

ImagePlane[i][x][y+2] = arrayLocal[8]

ImagePlane[i][x+1][y+2] = arrayLocal[9]

ImagePlane[i][x+2][y+2] = arrayLocal[ 10]

ImagePlane[i][x+3][y+2] = arrayLocal[11]

ImagePlane[i][x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal[ 14]

ImagePlane[i][x+3][y+3] = arrayLocal[ 15]

}

/* Left edge for soft tiles */

if (HARD_TILING _FLAG = = FALSE) && (Tx == 0) && (Ty != NumTileRows — 1)) {

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

x =16 * LeftMBIndexOfTile[Tx] / dx

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x][y+1%
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x][y+1] = arrayLocal[1]

ImagePlane[i][x][y+2] = arrayLocal[2]

ImagePlane[i][x][y+3] = arrayLocal[3]

x = 16 * LeftMBIndexOfTile[Tx] / dx #>1

arrayLocal[ | = {ImagePlane[i][x][y].\ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayl.ocal[0]

ImagePlane[i][x][y+1] £ artayLocal[ 1]

]
ImagePlane[i][x][yi+2] = arrayLocal[2]
ImagePlane[i][x]fy+3] = arrayLocal[3]

}

/* Top_edge for soft tiles */

if (HARD_TILING FLAG = = FALSE) && (Tx = NumTileCols — 1) && (Ty ==0)) {

x = 164 LeftMBIndexOfTile[Tx + 1]/ dx — 2

y=6 * TopMBIndexOfTile[Ty] / dy

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[ 1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]

y = 16 * TopMBIndexOfTile[Ty] / dy + 1

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]
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SecondLevelOverlapFiltering() { Reference
if (HARD_TILING_FLAG == FALSE) && (Tx == NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) { /* Right edge for soft tiles */
y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2
x =16 * LeftMBIndexOfTile[Tx + 1] /dx — 2
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[1]
ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]
X =16 * LettMBIndexOt Inle[ IX + T|/dx =1
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[1]
ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]

}

if (HARD_TILING_FLAG ==FALSE) && (Tx != NumTileCols — 1) &&
(Ty == NumTileRows — 1)) { /* Bottom edge for soft tiles */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y]

ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[ 1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]
y =16 * TopMBIndexOfTile[ Ty + 1] /'dy — 1
arrayLocal[ ] = {ImagePlane[i][x{[y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLaocal[ ]) 9.9.8.2
ImagePlane[i][x][y] =arrayLocal[0]
ImagePlane[i][x+1]{y] 5 arrayLocal[ 1]
ImagePlane[i][x+2]}y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

9.9.7 | “Inverse transform basic operations

9.9.7.1 ICT4x4()

NOTE 1 — The 2D ICT4x4( ) is built using the three operators: T2x2h, InvTodd and InvToddodd, preceded by the permutation
function InvPermute. After the initial permutation, the transform operation consists of two stages, where each stage operates on all
16 of the input values.
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The function ICT4x4( ) is specified by the pseudocode in Table 160.

Table 160 — Pseudocode for function ICT4x4()

ICT4x4(iCoeff] ]) { Reference
/* Permute the coefficients */
InvPermute(iCoeft] ]) 9.9.7.5

/* First stage */

arrayLocal[ ] = {iCoeff[0], iCoeff] 1], iCoeff[4], iCoeff[5]}
T2x2h(arrayLocal[ ], 1) 9.9.7.2
iCoeff[0] = arrayLocal[0]
iCoeff[ 1] = arrayLocal[ 1]
Coeft[4] = arrayLocal[2]
Coeff[5] = arrayLocal[3]

rrayLocal[ ] = {iCoeff]2], iCoeff[3], iCoeft[6], iCoeft[ 7]}
nvTodd(arrayLocal[ ]) 9.9.7.3
Coeff[2] = arrayLocal[0]

Coeff[3] = arrayLocal[1]

Coeff[6] = arrayLocal[2]

Coeff[7] = arrayLocal[3]

hrrayLocal[ ] = {iCoeff][8], iCoeff]12], iCoeff]9], iCoeff[13]}
nvTodd(arrayLocal[ ]) 9.9.7.3
Coeff[8] = arrayLocal[0]

Coeff[12] = arrayLocal[ 1]

Coeff[9] = arrayLocal[2]

Coeff[13] = arrayLocal[3]

rrayLocal[ ] = {iCoeff[10], iCoefi[11], iCoeff] 14], iCoeff[15]}
nvToddodd(arrayLocal[ ]) 9.9.7.4
Coeff[10] = arrayLocal[0]

Coeff[11] = arrayLocal[1]

Coeff[14] = arrayLocal[2]

Coeff[15] = arrayLocal[3]

* Second stage */

rrayLocal[ ] = {iCoeff[0], iCoeff[3], iCoefi]12]; iCoeff] 15]}
[2x2h(arrayLocal[ ], 0) 9.9.7.2
Coeff[0] = arrayLocal[0]

Coeff[3] = arrayLocal[ 1]

Coeff[12] = arrayLocal[2]

Coeff[15] = arrayLocal[3]

hrrayLocal[ ] = {iCoeff]5]niCoeft]6], iCoeff]9], iCoeff[ 10]}
[2x2h(arrayLocal[ ], 0) 9.9.7.2
Coeff[5] = arrayLocal[6]

Coeff[6] = arrayhocal[ 1]

Coeff[9] = arraylocal[2]

Coeff[10]~arrayLocal[3]

rrayLogall ]'= {iCoeff[1], iCoeff[2], iCoefi]13], iCoeff] 14]}
[2x2h(arrayLocal[ ], 0) 9.9.7.2
Co¢tf] 1] = arrayLocal[0]

Cocffi2—araytocaifti

iCoeff[13] = arrayLocal[2]

iCoeff[14] = arrayLocal[3]

arrayLocal[ ] = {iCoefl[4], iCoef]7], iCoeff[8], iCoeff[11]}
T2x2h(arrayLocal[ ], 0) 9.9.7.2
iCoeff[4] = arrayLocal[0]
iCoeff] 7] = arrayLocal[1]
iCoeft[8] = arrayLocal[2]
iCoeff[11] = arrayLocal[3]

—

NOTE 2 — Each stage consists of four 2x2 transforms which may be done in any arbitrary sequence, or concurrently, within the
stage. However, the first-stage transforms must be complete before any of the second-stage transforms are initiated.
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9.9.7.2 T2x2h()
The function T2x2h( ) is specified in Table 161.

NOTE — The variable valRound is a rounding control variable. The value of valRound is set to 0 or 1 by the function that invokes
T2x2h( ). The inverse of T2x2Th( ) is two successive applications of T2x2Th, operating on variables of the array iCoeff] ] with the
same value of valRound.

Table 161 — Pseudocode for function T2x2h( )

T2x2h(iCoeff] ], valRound) { Reference
iCoeff]0] += iCoeff]3]
iCoeff[1] —= iCoeff]2]
valTl = ((Cocff0} = iCoeff 1]+ valRound) >> 1
valT2 = iCoeff]2]
iCoeff]2] = valT1 — iCoefl]3]
iCoeff[3] = valT1 — valT2
iCoeff[0] —= iCoeff[3]
iCoefif]1] += iCoeff]2]

9.9.7.3] InvTodd()
The function InvTodd( ) is specified by the pseudocode in Table 162.

Table 162 — Pseudocode for function InvFodd()

InvTodd(iCoeff] ]) { Reference
iCoeff] 1] += iCoefi]3]
iCoeff] 0] —= iCoeff]2]
iCoeff[3] —= (iCoeff[ 1] >> 1)
iCoeff[2] += ((iCoeff[0] + 1) >> 1)
iCoeff] 0] —= ((3* iCoeff]1] + 4),>>'3)
J
]
]

]

iCoeff[1] += ((3* iCoeff[0] +x4)>> 3)
iCoeff[2] —= ((3* iCoeff[3]+4) >> 3)
iCoeff[3] += ((3* iCoeff]2] + 4) >>3
iCoeff[2] —= ((iCoeffl\ly*+ 1) >> 1)

iCoeff[3] = ((iCoeff[0] + 1) >> 1) — iCoeff[3]
iCoeff[ 1] +=iCoetf]2]

iCoeff[0] =<{iCoeff[3]

;

9.9.7.4 InvToddodd()
The funlction, InvToddodd( )is specified by the pseudocode in Table 163.

Table 163 — Pseudocode for function InvToddodd

InvToddodd(iCoeff] ]) { Reference
iCoeff[3] += iCoeff] 0]
iCoeff[2] —= iCoeff] 1]
vatft=1Cocffi31>>1
valT2 = iCoeff[2] >> 1
iCoeff[0] —= valT1

iCoeff[ 1] += valT2

iCoeff[0] —= ((iCoeff[ 1] * 3 + 3) >>3)
iCoeff[1] += ((iCoeff[0] * 3 + 3) >>2)
iCoeff[0] —= ((iCoeff[ 1] * 3 + 4) >> 3)
iCoeff[1] —= valT2

iCoeff[0] += valTl

iCoeff]2] += iCoeff] 1]

iCoeff[3] —= iCoeff]0]

iCoeff[ 1] = —iCoeff[1]

iCoeff[2] = —iCoeff]2]
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9.9.7.5 InvPermute()

The function InvPermute( ) operates on an ordered array of 16 sample values, producing a permuted list. The input to this
function is the ordered array arraylnput[i], for i ranging from 0 to 15. The output of this function is the re-ordered array

arraylnput[i].

To define the permutation, the array InvPermArr[i] is specified, for i ranging from 0 to 15, in Table 164.

Table 164 — Inverse Permutation

The function

i InvPermArrli]
0 0
1 8
2 4
3 13
4 2
5 15
6 3
7 14
8 1
9 12
10 5
11 9
12 7
13 11
14 6
15 10

InvPermute( ) is specified as in Table 165.

Table 165 — Pseudocode:for function InvPermute( )

InvPel

mute(arraylnput[ ]) {

Reference

for]

(1=0;i<=15;i++)

arrayTemp[InvPermArr[i]] = arraylnputfi]

for]

(i=0;i<=15;i++)

arrayInput[i] = arrayTemp][i]

9.9.7.6 Iny

The function
this function
array arrayln

‘Permute2pt(,)

but[i].

The function

InvPermute2pt( ) is specified as in Table 166.

InvPermute2pt( ) operates on an ordered array of 2 sample values, producing a permuted list. The [input to
is the ordered array arraylnput[i], for i ranging from 0 to 1. The output of this function is the reqjordered

Table 166 — Pseudocode for function InvPermute2pt( )

InvPermute2pt() {

Reference

arrayTemp[0] = arrayInput[1]

arrayTemp[1] = arrayInput[0]

for

(i=0;i<=1;i++)

arraylnput[i] = arrayTemp][i]

146

© ISO/IEC 2012 — All rights reserved


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

9.9.7.7

T2pt()

The function T2pt( ) is specified by the pseudocode in Table 167.

Table 167 — Pseudocode for function T2pt()

ISO/IEC 29199-2:2012(E)

T2pt(iCoeff] |) { Reference

iCoeff[0] —= (iCoefi[1]+1) >> 1

iCoeff] 1] += iCoeff]0]

9.9.8

9.9.8.1
The fun

Overlap filtering functions

OverlapPostFilter4x4()
ction OverlapPostFilter4x4( ) is specified in Table 168.

Table 168 — Pseudocode for function OverlapPostFilterdx4( )

OverlapPostFilter4x4(iCoeff] ]) {

Reference

arrayLocal[ ] = {iCoeft[0], iCoeft]3], iCoefi]12], iCoeff[ 15]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[0] = arrayLocal[0]

iCoeff[3] = arrayLocal[ 1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[ 1], iCoeff]2], iCoeff[13], iCoeff] 14]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[ 1] = arrayLocal[0]

iCoeff[2] = arrayLocal[ 1]

iCoeff[13] = arrayLocal[2]

iCoeff[14] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[4], iCoeff]7]) iCoeft]8], iCoefi]11]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[4] = arrayLocal[0

]
iCoeff[7] = arrayLocal[ 1]

iCoeff8] = arrayLogal{2]

iCoeff[11] = arrayLocal[3]

arrayLocal[ ] =\{iCoeff[5], iCoeft[6], iCoeft]9], iCoefi]10]}

T2x2h(arraybocal[ ], 0)

9.9.7.2

iCoeff[5] = atrayLocal[0]

iCoeffl6] = arrayLocal[ 1]

1Coefi[9] = arrayLocal[2]

iGoeff[10] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[13], iCoeff[12]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[13] = arrayLocal[0]

iCoetl] 12]= arrayLocal[ T]

arrayLocal[ ] = {iCoefl]9], iCoeft]8]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[9] = arrayLocal[0]

iCoeff[8] = arrayLocal[ 1]

arrayLocal[ ] = {iCoefl]7], iCoeft]3]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[7] = arrayLocal[0]

iCoeff[3] = arrayLocal[ 1]

arrayLocal[ ] = {iCoefl[6], iCoeft]2]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[6] = arrayLocal[0]

iCoeff[2] = arrayLocal[ 1]

arrayLocal[ ] = {iCoeff[10], iCoeff]11], iCoeff[ 14], iCoefi[15]}
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OverlapPostFilter4x4(iCoeff] ]) {

Reference

InvToddoddPOST(arrayLocal[ ])

9.9.8.8

iCoeff[10] = arrayLocal[0]

iCoeff[11] = arrayLocal[1]

iCoeff[14] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff]0], iCoeft]15]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[0] = arrayLocal[0]

iCoeff[15] = arrayLocal[1]

arrayLocal[ ] = {iCoeff]1], iCoeft]14]}

InvScale(arrayLocal[ ])

9.9.8.6

1Coeff] 1] = arrayLocal[0]

iCoeff[14] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[4], iCoefi]11]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[4] = arrayLocal[0]

iCoeff[11] = arrayLocal[1]

arrayLocal[ ] = {iCoeff]5], iCoeft]10]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[5] = arrayLocal[0]

iCoeff[10] = arrayLocal[1]

arrayLocal[ ] = {iCoeft[0], iCoeft]3], iCoeff]12], iCoeff[ 15]}

T2x2hPOST(arrayLocal[ ])

9.9.8.7

iCoeff[0] = arrayLocal[0]

iCoeff[3] = arrayLocal[ 1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoefi[ 1], iCoeft]2], iCoeff]13], iCoeff[14]}

T2x2hPOST(arrayLocal ])

9.9.8.7

iCoeff[ 1] = arrayLocal[0]

iCoeff[2] = arrayLocal[ 1]

iCoeff[13] = arrayLocal[2]

iCoeff[14] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[4], iCoeff]7], i€oeft[8], iCoefi]11]}

T2x2hPOST(arrayLocal[ ])

9.9.8.7

iCoeff[4] = arrayLocal[0

]
iCoeff[7] = arrayLocal[ 1]

iCoeff[8] = arrayLocal[2]

iCoeff[11] = arrayLocal[3]

arrayLocal[ ] = {i€qeff][5], iCoeft[6], iCoeft]9], iCoefi]10]}

T2x2hPOST(arrayFocall ])

9.9.8.7

iCoeff]5] = arrayLocal[0
iCoeff[ 6} atrayLocal[ |

]
]
iCoefi[9]'= arrayLocal[2]

iCoeff[10] = arrayLocal[3]
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Table 169 — Pseudocode for function OverlapPostFilter4()

OverlapPostFilter4(iCoeff] ]) {

Reference

iCoeff]0] += iCoeff[3]

iCocff] 1] 1= iCoeff[2]

iCoeff[3] —= ((iCoeff[0] + 1) >> 1)

iCoeff[2] —= ((iCoeff[1] + 1) >> 1)

InvScale(iCoeff[0], iCoeff][3])

9.9.8.6

Ins Q(‘qlpﬁ'r‘npfq‘] ;pnpff[7]\

9084

9.9.8.3
The fun

iCoeff[0] += ((iCocfl[3] * 3+ 4) >> 3)

iCoeff 1] += ((iCoeff[2] * 3 + 4) >> 3)

iCoeff[3] —= (iCoeff[0] >> 1)

iCoeff[2] —= (iCoeff[1] >> 1)

iCoeff] 0] += iCoeff]3]

iCoeff[ 1] += iCoeff]2]

— | = |— = [—

iCoeff]3] = —iCoeff]3]

iCocff[2] = —iCoeff]2]

InvRotate(iCoeff] 2], iCoeff[3])

9.9.8.5

iCoeff]3] += ((iCoeff[0] + 1) >> 1)

iCoeff][2] += ((iCoeff[1] + 1) >> 1)
iCoeff[0] —= iCoeff]3]
iCoeff[ 1] —= iCoeff]2]

OverlapPostFilter2x2()
ction OverlapPostFilter2x2( ) is specified in Table’170.

Table 170 — Pseudocode for function OverlapPostFilter2x2()

OverlapPostFilter2x2(iCoeff] |) {

Reference

iCoeff]0] %&iCoefi]3]

iCoefffJ = iCoefi]2]

iCoeff[3] —= ((iCoeff[0] + 1) >> 1)

iCoeff[2] —= ((iCoeff[ 1] + 1) >> 1)

iCoeff[ 1] += ((iCocfl[0] + 2) >> 2)

— = — =

iCoeff[0] += ((iCoeff[1] + 1) >> 1)

iCoeff[0] += (iCoeff[ 1] >> 5)

iCoeff[0] += (iCoeff[ 1] >> 13)

4=
iCoeff[ 1] += ((iCoeff[0] + 2) >> 2)

]
]
]
iCoeff[0] += (iCoeff[ 1] >> 9)
]
]
]

iCoeff]3] += ((iCoeft[0] + 1) >> 1)

iCoeff][2] += ((iCoeff[1] + 1) >> 1)

vasol|

al O Y al
TCOCTITU] TCOCTI[ 7]

iCoeff] 1] —= iCoeff[2]
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9.9.8.4 OverlapPostFilter2()
The function OverlapPostFilter2( ) is specified in Table 171.

Table 171 — Pseudocode for function OverlapPostFilter2()

OverlapPostFilter2(iCoeff] |) {

Reference

iCoeff] 1] += ((iCoeft[0] + 2) >>2)

iCoeff[0] += ((iCoeff[1] + 1) >> 1)

iCoeff[0] += (iCoeff[ 1] >> 5)

iCoeff[0] += (iCoeff[ 1] >> 9)

iCoeff[0] += (iCoefi[ 1] >> 13)

TCoeti =< Coctff01+2) )

9.9.8.5 InyRotate()

The function [[nvRotate( ) is specified by the pseudocode in Table 172.

9.9.8.6 InyScale()

Table 172 — Pseudocode for function InvRotate( )

InvRotate(iCoeff] ]) {

Referenceé

iCoeff[0] —= ((iCoeff[1] + 1) >>1)

iCoeff[ 1] += ((iCoeff 0] + 1) >> 1)

The function|InvScale( ) is specified by the pseudocode in Tablec 173

Table 173 — Pseudocodé'for function InvScale( )

9.9.8.7 T2
The function

InvScale(iCoeff[ ]) {

Reference

iCoeff]0] += iCoefi] 1]

iCoeff] 1] = (iCoeff[ 0] >> 1) — iCoeff] 1]

iCoeff[0] = ( iCoeff 1] * 3 + 0) >> 3

iCoeffll] 4= (iCocff[0] * 3 + 0) >> 4

iColfff1] += (iCocff[0] >> 7)

iCoeff] 1] —= (iCoeff[ 0] >> 10)

k2hPOST()
[T2x2hPOST( ) is specified by the pseudocode in Table 174.

Table 174 — Pseudocode for function T2x2hPOST()

T2x2hPOSTGCoeff[ DL
AS | 5 DA

Reference.

150

iCoeff] 1] —= iCoeff]2]

iCoeff[0] += (iCoeff[3] * 3 +4) >>3

iCoeff[3] —= (iCoeff[1] >> 1)

iCocff]2] = ((iCocfff0] — iCoeff[ 1]) >> 1) — iCoeff[2]

valT1 = iCoeff[2]

iCoeff][2] = iCoeff]3]

iCoeff]3] = valTl
iCoeff[0] —= iCoeff]3]
iCoeff[ 1] += iCoeff]2]
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9.9.8.8 InvToddoddPOST()
The function InvToddoddPOST( ) is specified by the pseudocode in Table 175.

Table 175 — Pseudocode for function InvToddoddPOST()

InvToddoddPOST(iCoeff] |) { Reference
iCoeff]3] += iCoefi]0]
iCoeff[2] —= iCoeff] 1]
valT1 =iCoeff[3] >> 1
valT2 = iCoeff[2] >> 1
iCoeff[0] —= valT1
TCoctii t=—vaiT
iCoeff[0] —= (iCoeff[1] * 3 + 6) >>3
iCoeff[ 1] += (iCoeff[0] * 3 +2) >>2
iCoeff[0] —= (iCoeff[1] *3 +4) >>3
iCoeff[1] —= valT2
iCoeff[0] += valT1
iCoeff][2] += iCoeff] 1]
iCoeff[3] —= iCoeff]0]

— |— = |— = |—

9.10 Output formatting

The final stage of the decoder consists of converting the samplevalues reconstructed in the internal format to the
intendefl output format as specified in subclause 9.10.2.

9.10.1| Overview

This subclause is informative: it is not an integral part of ¢his Specification.

First, the decoder may be required to perform upsampling to obtain an intermediate YUV444 format. Next| color format
conversion is applied to convert the internal color’formats to output formats. The color format conversions|are specified
below. |A bias is added to the sample values;~to re-center the values around the nominal value for a ngutral or zero
intensity representation. When the scaling«mode is used, on the decoder side, the values are rounded down after color
converdion. For high numerical range formats (BD16, BD16S, BD32S and BD32F), the internal integer rdpresentations
need to[be converted to output representations. Finally, the values are clipped to fit the appropriate range.

9.10.2| Output formattingstage

At the dompletion of the transform and overlap filtering, the sample values for the image are reconstructed [in an internal
color fdrmat and an internal two's complement integer representation. The output formatting stage convertp the decoded
image plane data intos'a representation specified by the OUTPUT CLR FMT and the output bit depth. In the
specifigation of oufput formatting, the term INTERNAL CLR FMT refers to the corresponding syntax element of the
primary image_plarne.

The oufput formatting process is specified for the combinations of OUTPUT BITDEPTH and OUTPUT CLR FMT that
are listdd in“Table 176

In this table, "+" indicates that output formatting is specified for the corresponding combinations of
OUTPUT BIT DEPTH and OUTPUT CLR _FMT. The combination of OUTPUT BIT DEPTH and
OUTPUT _CLR_FMT shall not have the value corresponding to empty cells.
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Table 176 — Conformance-specified output formatting combinations of OUTPUT_BITDEPTH and
OUTPUT_CLR_FMT

OUTPUT _BITDEPTH |OUTPUT CLR FMT
YONLY [YUV420 |YUV422 [YUV444 |RGB |RGBE [CMYK [CMYKDIRECT |[NCOMPONENT
BDIWHITEI1 +
BD1BLACK1 +
BD5 +
BD565 +
BDS8 + + + + + + + + +
BDI10 + + +
BD16 + + + + + + +
BD16S - ¥ T
BDI16F + +
BD32S + +
BD32F + +

The output fqrmatting stage consists of several sub-processes that are performed as specified in Table 177.

Table 177 — Pseudocode for function OutputFormatting(’)

OutpufFormatting() { Reference
SamplingConversion( ) 9.10.3.1
CohvertInternal ToOutputCIrFmt( ) 9.10.4.1
AddBias() 9.10.5
ComputeScaling( ) 9.10.6
PogtscalingProcess( ) 9.10.7.1
ClippingAndPackingStage( ) 9.10.8.1

:

9.10.3 Sampling conversion

9.10.3.1 Geperal

The sampling conversion process is specified in Table 178.

The combinafions of INTERNAL CLR _FMT and OUTPUT CLR _FMT for which sampling conversions are s|
for conformapce purposes are specified in-Table 179. In this table, "+" indicates that no sampling conversion is
It is a requirgment of codestream conformance to this Specification that the combination of INTERNAL CLR F
OUTPUT _CLR _FMT shall not have\a value corresponding to any empty cell in Table 179.

In the illusjrated case in, Table 178 in which upsampling is specified both vertically and horizont
INTERNAL |CLR_FMT equal to YUV420, the upsampling process to be performed by the decoder shall pro
array of two-dimensionally upsampled samples at the index values for which such samples are produced as sped
Table 178. Hpwever, decoders may use alternative upsampling methods (different from that specified by Table 17
actual filterinng method used to produce the values of the entries in the upsampled array is outside the scopd

pecified
equired.
MT and

Ily for
duce an
ified by
8) — the

of this
i values

Specification| The partlcular filtering method specified by Table 178 i is an example of how such upsampled arra
may be prodtreed: g :
relative ordering of the Vert1ca1 and horizontal upsampling may be sw1tched

NOTE — When TILING FLAG is equal to TRUE and the transform processing does not cross tile boundaries (due
HARD TILING FLAG being equal to TRUE or OVERLAP MODE being equal to 0), the example upsampling

s, or the

either to
method

illustrated in Table 178 for cases with INTERNAL _CLR_FMT equal to YUV422 or YUV420 will produce an upsampled image
in which the output samples next to tile boundaries may be affected by the values of decoded samples in other tiles. For many
applications, it may be desirable to instead design the upsampling process to be performed separately within each tile in order to

avoid this cross-tile dependency.

152 © ISO/IEC 2012 — Al rights

reserved


https://iecnorm.com/api/?name=74f50dd6f233e19d572baebb3c83e8d6

ISO/IEC 29199-2:2012(E)

Table 178 — Pseudocode for function SamplingConversion( )

SamplingConversion() { Reference
if (INTERNAL_CLR_FMT = =YUV422) || INTERNAL_CLR_FMT ==YUV420)) &&
((OUTPUT CLR FMT == YUV444) || (OUTPUT CLR FMT ==RGB)) {
if INTERNAL CLR FMT ==YUV420)
Upsample( ) in the vertical direction 9.10.3.2
if (INTERNAL CLR FMT == YUV422) | [ INTERNAL CLR FMT = = YUV420))
Upsample( ) in the horizontal direction 9.10.3.2
}
h
Table 179 — Conformance-specified sampling conversions
OUTPUT _CLR _FMT INTERNAL CLR FMT
YONLY YUV420 YUV422 YUV444 YUVK NCOMPONENT
YONLY +
YUV420 +
YUV422 +
YUV444 + Upsample() |Upsample() |+
in the vertical |in the
and horizontal | horizontal
directions direction
RGB with + Upsample() |Upsample() [+
OUTPUT BITDEPTH in the vertical |in the
equil to BD5, BD565, and horizontal | horizontat
BD$, BD10, BD16, directions direction
BD|6S or BD32S
RGB with +
OUTPUT _BITDEPTH
equil to BD16F or
BD}2F
RGBE +
CMlYK +
CMIYKDIRECT +
NCOMPONENT +
9.10.3.2 Upsample()
In the ¢hroma upsampling function, for the chroma component i (1 <= i < NumComponents), let iOriAfray[ ] be the
originall sample array before upsampling, and ilntArray[ | be the upsampled array. If upsampling is performed in the
horizonfal direction;)10riArray[ ] is one input sample row of length ExtendedWidth[i] and ilntArray[ ] Js one output
sample [row of length ExtendedWidth[0], and the variable iOriLength is set equal to ExtendedWidth[i]. Otherwise,
iOriArrpy[ ] istone input sample column of length ExtendedHeight[i] and ilntArray[ ] is one output sample column of
length ExtendedHeight[0], and iOriLength is set equal to ExtendedHeight[i].

index values

for which such samples are produced as specified by Table 180. However decoders may use alternative upsampling
methods (different from that specified by Table 180) — the actual filtering method used to produce the values of the
entries in the upsampled array is outside the scope of this Specification. The particular filtering method specified by
Table 180 is an example of how such upsampled array values may be produced. For example, a different type of filtering
or a different number of taps may be used during the upsampling process than the two-tap filtering specified by

Table 180.
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Table 180 — Pseudocode for function Upsample( )

Upsample( ) {

Reference

for (k = 0; k <iOriLength; k++) {

ilntArray[2 * k] = ((iH[2] * iOriArray[Max(0, k — 1)] +

iH[3] * iOriArray[k] + 4) >> 3)

ilntArray[2 * k + 1] = (({H[0] * iOriArray[k] +

iH[1] * iOriArray[Min(iOriLength — 1, k + 1)] +4) >> 3)

Table 181 — Upsampling filter coefficient for different chroma positions

chromaCentering | iH[0] | iH[1] [ iH[2] | iH[3]
0 4 4 0 8
1 5 3 1 7
2 6 2 2 6
3 7 1 3 5
4 8 0 4 4

f the filter coefficients iH[0], iH[1], iH[2], iH[3] for the chroma positions are specified by Table 181 as a
e variable chromaCentering. If Upsample( ) is applied in the horizontal direction, chromaCenteriig is set
OMA_CENTERING_X; otherwise, it is set equal to CHROMA CENTERING Y.
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9.10.4 Conversion from INTERNAL CLR_FMT to OUTPUT_CLR_FMT

9.10.4.1 Overview

The conversion process proceeds as specified in Table 182.

Table 182 — Pseudocode for function ConvertInternalToOutputClrFmt( )

ConvertInternal ToOutputClrFmt( ) { Reference

if (INTERNAL CLR_FMT ==YUVK) &&

(OUTPUT CLR FMT ==CMYK))

InvColorFmtConvert3() 9.10.4.4
CISUIT \kll‘l 11_41\1‘41'&1_4_\/1_41\_1 vy — — T UV 1\} (S ge 9

(OUTPUT CLR FMT == CMYKDIRECT))

InvColorFmtConvert4( ) 9.10.4.5
else if (INTERNAL CLR FMT ==YONLY) &&

(OUTPUT CLR FMT ==RGB))

InvColorFmtConvert1() 910.4.2
else if (INTERNAL _CLR_FMT ==YUV444) ||

(INTERNAL CLR FMT ==YUV422) ||

(INTERNAL _CLR FMT ==YUV420)) &&

((OUTPUT CLR FMT==RGB) || (OUTPUT CLR FMT == RGBE)))

InvColorFmtConvert2( ) 9.10.4.3

clse if (INTERNAL_CLR_FMT == YONLY) &&
((OUTPUT_CLR_FMT == YUV444) | | (OUTPUT_CLR_FMT = = ¥UV422) ||
(OUTPUT CLR FMT = = YUV420))) {

if (OUTPUT_CLR_FMT ==YUV420)

chromaHeight = ExtendedHeight[0] / 2

else

chromaHeight = ExtendedHeight[0]

if (OUTPUT CLR FMT = = YUV422) || (OUTPUD CLR_FMT = = YUV420))

chromaWidth = ExtendedWidth[0] / 2

else

chromaWidth = ExtendedWidth[0]

for(i=1

;1<351+4)

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

for (x = 0; x < chromaWidth; x++)

ImagePlane[i][x][y]= 0 /* Ensure that chroma is inferred as zero */

The combinations of INTERNAL CLR FMT and OUTPUT CLR FMT for which color format copversions are

specifigd for conformance purposes are specified in Table 183. In this table, "+" indicates that no color form
is requifed. For ca$es-that require color format conversion, the function name for the conversion process i
the table cell.nJt/is a requirement of codestream conformance to this Specification that the co
INTERNAL/CLR FMT and OUTPUT _CLR_FMT shall not have a value corresponding to any empty cell
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Table 183 — Conformance-specified color format conversions

OUTPUT _CLR _FMT INTERNAL CLR FMT
YONLY YUV420 YUV422 YUV444 YUVK NCOMPONENT

YONLY +
YUV420 +
YUV422 +
YUV444 + + + +
RGB with InvColorFmt |InvColorFmt [InvColorFmt [InvColorFmt
OUTPUT BITDEPTH Convertl() Convert2( ) Convert2( ) Convert2( )
equal to BD5, BD565,
BDS, BD10, BD16,
BD16S orBB32S
RGB with InvColorFmt
OUTPUT|BITDEPTH Convert2( )
equal to BD16F or
BD32F
RGBE InvColorFmt

Convert2( )
CMYK InvE€olorFmt

Convert3()
CMYKDIRECT InvColorFmt
Convert4( )
NCOMP(ONENT +
The pseudgcode functions InvColorFmtConvertl(), InvColorFmtConvert2(), InvColorFmtConvert3()), and
InvColorFmt{Convert4( ) that are referred to in Table 183 are_specified in subclause 9.10.4.2, subclause 9.10.4.3,

subclause 9.1

9.10.4.2 Iny

The operatiof

(ColorFmtConvert1()

0.4.4, and subclause 9.10.4.5, respectively.

s in InvColorFmtConvert1( ) are spécified in Table 184.

Table 184 — Pseéudocode for function InvColorFmtConvertl()

InvColprFmtConvert1() {

Reference

for

(y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {

/* ImagePlane[0][x][y] G=Y */

ImagePlanefl[x][y] = ImagePlane[0][x][y] /*R=Y *

ImagePlane[2][x][y] = ImagePlane[0][x][y] /*B=Y *

156
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9.10.4.3 InvColorFmtConvert2()

The operations in InvColorFmtConvert2( ) are specified in Table 185.

Table 185 — Pseudocode for function InvColorFmtConvert2()

InvColorFmtConvert2() { Reference
for (y = 0; y < ExtendedHeight[0]; y++)
for (x = 0; x < ExtendedWidth[0]; x++) {
tempT = —ImagePlane[1][x][y]
F¥t=-U%*
arrayOut[ 1] = ImagePlane[0][x][y] — Floor(tempT + 2)
G—Y—Ftoor{t—
arrayOut[0] = tempT + arrayOut[1] — Ceiling(ImagePlane[2][x][y] + 2)
/*R=t+ G — Ceiling(V +2) */
arrayOut[2] = ImagePlane[2][x][y] + arrayOut[0]
/¥*B=V+R¥
if (OUTPUT _BITDEPTH ==BDS5 || OUTPUT_BITDEPTH == BD565 | |
OUTPUT_BITDEPTH ==BD10) &&
'RED BLUE NOT SWAPPED FLAG) {
tempT = arrayOut[0]
arrayOut[0] = arrayOut[2]
arrayOut[2] = tempT

}
for 1=0;1<3;i++)
ImagePlane[i][x][y] = arrayOut[i]

9.10.4.4 InvColorFmtConvert3()

The opgrations in InvColorFmtConvert3( ) are specified in Table 186.

Table 186 — Pseudocode for function InvColorFmtConvert3()

InyColorFmtConvert3() { Refeyence
for (y = 0; y < ExtendedHeight[Q];3++)
for (x = 0; x < ExtendedWidth[0]; x++) {
arrayOut[3] = ImagePlane[3][x][y] + Floor(ImagePlane[0][x][y] + 2)
/* k=K + Fleor(Y + 2) */
arrayOut[ L}-=.arrayOut[3] — ImagePlane[0][x][y] —
Floor(lmagePlane[1][x][y] +2) /* m=k — Y — Floor(U + 2) */
arrayOut[0] = ImagePlane[1][x][y] + arrayOut[1] +
Eloor(ImagePlane[2][x][y] = 2) /* ¢ =U + m + Floor(V + 2) */
arrayOut[2] = arrayOut[0] — ImagePlane[2][x][y]
[¥y=c=V*
for (1=0;1<4;it+t)
ImagePlane[i][x][y] = arrayOut[i]
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9.10.4.5 InvColorFmtConvert4()

The operations in InvColorFmtConvert4( ) are specified in Table 187.

Table 187 — Pseudocode for function InvColorFmtConvert4( )

InvColorFmtConvert4() { Reference
for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {
arrayOut[3] = ImagePlane[0][x][y] /* k=Y */
arrayOut[ 1] = ImagePlane[2][x][y] /* m =V */
arrayOut[0] = ImagePlane[1][x][y] /* ¢ =U */
ATAYyOU 2] — ImagePanc Xyl 7"y~ &~
for 1=0;1<4;i++)

ImagePlane[i][x][y] = arrayOut[i]
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9.10.5 AddBias()

The function AddBias( ) specified in Table 188 performs the computation and addition of bias to the sample values.

Table 188 — Pseudocode for function AddBias( )

AddBias() {

Reference

if SCALED FLAG)

iScale =3

else

iScale =0

if (OUTPUT BITDEPTH == BD5)

B =(1<<4)

else if (OUTPUT BITDEPTH == BD565)

iBias = (1 << 5)

else if (OUTPUT BITDEPTH = = BDS)

iBias = (1 << 7)

else if (OUTPUT BITDEPTH == BD10)

iBias = (1 <<9)

else if (OUTPUT BITDEPTH == BDI16)

iBias = (1 << 15)

else

iBias =0

if (OUTPUT BITDEPTH == BD16) | [ (OUTPUT BITDEPTH == BD16S) | |
(OUTPUT BITDEPTH = = BD32S))

iBias = (iBias >> SHIFT BITS)

if (OUTPUT_CLR_FMT == RGB) || (OUTPUT_CLR_FMT <= YUV444) | |
(OUTPUT_CLR_FMT == YUV422) | | (OUTPUT_CLRSFMT = = YUV420) | |
(OUTPUT_CLR_FMT == YONLY) || (OUTPUT_CLR  FMT = = NCOMPONENT) | |
(OUTPUT CLR_FMT = = CMYKDIRECT)) {

if (OUTPUT_CLR_FMT == RGB) || (OUTPUTSCLR_FMT = = YUV444) ||
(OUTPUT CLR FMT = = YUV422) | | (QUTPUT CLR FMT == YUV420))

outputComponents = 3

else

outputComponents = NumCompenents

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

if (> 0) && (OUTPUT CLR FMT == YUV420))

outputHeight = ExtendedHeight[0] / 2

else

outputHeight = ExtendedHeight[0]

if (1> 0) &&
((OUTPUT CLR FMT == YUV422) || (OUTPUT CLR_FMT = = YUV420)))

outputWidth = ExtendedWidth[0] / 2

else

outputWidth = ExtendedWidth[0]

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

for (x = 0; x < outputWidth; x++)

ImagePlane[i][x][y] += (iBias << iScale)

;

}else if (OUTPUT CLR _FMT = = CMYK) {

for (1=0;1<3;it+t)

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++)

ImagePlane[i][x][y] += ((iBias >> 1) <<iScale) /* ¢, m, y */

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++)

ImagePlane[3][x][y] —= ((iBias >> 1) <<iScale) /* k */
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9.10.6 ComputeScaling()

The function ComputeScaling( ) specified in Table 189 performs the computation of the scaling factor iScale, and the
rounding factor iRoundingFactor, and modifies sample values based on these two factors.

Table 189 — Pseudocode for function ComputeScaling( )

ComputeScaling() {
iScale =0
iRoundingFactor = 0
if (SCALED FLAG) {

iScale = 3

Reference

IT(OUTPUT BITDEPTH==BD5)[{{OUTPUT BITDEPTH == BD365) 1
(OUTPUT_BITDEPTH == BDS) | | (OUTPUT_BITDEPTH ==BD10) ||
(OUTPUT_BITDEPTH ==BD16S) | | (OUTPUT_BITDEPTH == BDI6F) | |
(OUTPUT BITDEPTH == BD32S) || (OUTPUT BITDEPTH == BD32F))
iRoundingFactor = 3

else if (OUTPUT_BITDEPTH ==BDI1WHITE1) | |
(OUTPUT BITDEPTH ==BDIBLACKI) || (OUTPUT BITDEPTH == BDI16))
iRoundingFactor = 4

!
if (OUTPUT_CLR_FMT = =RGB) || (OUTPUT_CLR_FMT = = RGBE) | |

(OUTPUT CLR_FMT = = YUV444) | | (OUTPUT CLR_FMT == YUV422) |\
(OUTPUT CLR FMT == YUV420))

outputComponents = 3

elsg

outputComponents = NumComponents
for|(i = 0; i < outputComponents; i++) {
if (1> 0) && (OUTPUT _CLR_FMT = = YUV420))
outputHeight = ExtendedHeight[0] / 2
else
outputHeight = ExtendedHeight[0]
if (1>0) &&
((OUTPUT CLR FMT ==YUV422) || (QUTPUT CLR FMT == YUV420)))
outputWidth = ExtendedWidth[0] / 2

else

outputWidth = ExtendedWidth[0]
if (OUTPUT BITDEPTH = = BD565)) && (i I= 1))
jScale = iScale + 1
else
jScale = iScale
for (y = 0; y < outputHeight; y++)
for (x = 0; x <lutputWidth; x++)
ImagePlanel[i][x][y] = ((ImagePlane[i][x][y] + iRoundingFactor) >> jScale)
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9.10.7 Postscaling process
9.10.7.1 Overview

The function PostscalingProcess( ) is specified in Table 190.

Table 190 — Pseudocode for function PostscalingProcess( )

PostscalingProcess() { Reference
if (OUTPUT CLR_FMT == RGBE)
for (y = 0; y < ExtendedHeight[0]; y++)
for (x = 0; x < ExtendedWidth[0]; x++) {
fortk— 0 k=37k)
localArrayIn[k] = ImagePlane[k][x][y]
PostScalingF2(localArrayOut| ], localArrayIn[ ]) /* Produces 4 outputs for 3 inputs */ | 9:107.4
for (k=0; k <4; k++t)
ImagePlane[k][x][y] = local ArrayOut[k]

}

else {
if (OUTPUT_CLR_FMT ==RGB) | | (OUTPUT_CLR_FMT ==YUV444) | |
(OUTPUT CLR FMT ==YUV422) || (OUTPUT CLR FMT ==YUV420))
outputComponents = 3
else
outputComponents = NumComponents
for (i = 0; i < outputComponents; i++) {
if (1> 0) && (OUTPUT CLR_FMT == YUV420))
outputHeight = ExtendedHeight[0] / 2
else
outputHeight = ExtendedHeight[0]
if (i>0) &&
((OUTPUT _CLR FMT ==YUV422) || (OUTPUT _CLR_FMT == YUV420)))
outputWidth = ExtendedWidth[0] / 2
else
outputWidth = Extended Width[0]
if (OUTPUT_BITDEPTH ==BD16) | | (OUTPUT_BITDEPTH ==BDI16S) | |
(OUTPUT _BITDEPTH = =BD325))
for (y = 0; y < outputHeight; y++)
for (x = 0; x < oufputWidth; x++)
ImagePldane[i][x][y] = PostScalingInt(ImagePlane[i][x][y]) 9.10.7.]
else if (OUTPUT -BITDEPTH = = BD32F) | | (OUTPUT _BITDEPTH == BD16F))
for (y = 0;sy SvoutputHeight; y++)
for (x 3 0; x < outputWidth; x++)
JmagePlane[i][x][y] = PostScalingFl(ImagePlane[i][x][y]) 9.10.7.

9.10.7.2 PostScalingInt( )

The sample values are left-shifted by the amount determined by SHIFT BITS. For input value inX, the output shifted
value outX is determined as specified in Table 191.

Table 191 — Pseudocode for function PostScalingInt( )

PostScalingInt(inX) { Reference
outX = inX << SHIFT BITS
return outX
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NOTE - In this manner, the output is moved from a 27-bit or 24-bit nominal range scaling to the range scaling specified for image

reconstruction. The 27-bit range scaling applies when the data is scaled, and the 24-bit range scaling applies when the data is
unscaled.

9.10.7.3 PostScalingFI()

When OUTPUT_BITDEPTH is equal to BD32F or BD16F, the integer sample value iX is converted to a value fV that
can be interpreted as a floating point representation.

The PostScalingF1( ) process computes the value fV as specified in Table 192.

162

Table 192 —Pseudocodeforfumction PostSeatingFiO

PostSdalingF1(iX) {
if (X <0)
iS=1

Reference

elsp

iS=0

if (QUTPUT BITDEPTH == BDI6F) {

iEM = Min(Abs(iX), 32767)

fV = ((iS << 15) | iEM) /* Concatenate these fields*/

} dfse { /* OUTPUT BITDEPTH = = BD32F */

iX = Abs(iX)

iE = (iX >> LEN_ MANTISSA)

iM = ((iX & ((1 << LEN MANTISSA) — 1)) [ (1 << LEN MANTISSA))

if(E==0) {
iM ~= (1 << LEN_MANTISSA)
iE=1

}

iE = iE — EXP BIAS + 127

while ((iM < (1 << LEN_MANTISSA)) && (iE > 1)-&& (iM > 0)) {
iE—1

iM <<= 1

}
if (iM < (1 << LEN_MANTISSA))
iE=0

else

iM "= (1 << LENMANTISSA)
iM <<= (23 — LEN MANTISSA)
fV = ((iS << 31) | (iE <<23) | iM) /* Concatenate these fields */

retfirn fV
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9.10.7.4 PostScalingF2()

When OUTPUT_CLR _FMT is equal to RGBE, the three integer sample values of array arrayln[ ] (R, G, and B) are
converted to an array arrayOut[ ] of four integer values forming the RGBE representation (Rrgbe, Grgbe, Brgbe and
Ergbe). The function PostScalingF2( ) specified in Table 193 performs the conversion.

Table 193 — Pseudocode for function PostScalingF2()

PostScalingF2(arrayOut| ], arrayln| ) { Reference
/* arrayIn[ ]= {R, G, B} */
/* arrayOut[ ]= {Rrgbe, Grgbe, Brgbe, Ergbe} */
if (arrayIn[0] <= 0) {

arrayout[0] = U

iEr=0
} else if ((arrayIn[0] >>7) > 1) {

arrayOut[0] = (arrayIn[0] & Ox7F) + 128

iEr = (arrayIn[0] >> 7)
} else {

arrayOut[0] = arrayIn[0]

iEr=1

!

if (arrayIn[1] <= 0) {
arrayOut[1] =0
iEg=0

} else if ((arrayIn[1] >>7) > 1) {
arrayOut[1] = (arrayIn[1] & Ox7F) + 128
iEg = (arrayIn[1] >>7)

} else {
arrayOut[ 1] = arrayIn[1]
iEg=1

}
if (arrayIn[2] <= 0) {
arrayOut[2] =0
iEb=0
} else if ((arrayIn[2] >>7) > 1) {
arrayOut[2] = (arrayIn[2] & Ox7E) + 128
iEb = (arrayIn[2] >> 7)
} else {
arrayOut[2] = arrayIn[2]
iEb=1
i
arrayOut[3] = Max(iEr, Max(iEg, iEb))
if (arrayOut[3] >iFr) {
iShift = (arrayOut[3] — iEr)
arrayOQut[0] = ((2 * arrayOut[0] + 1) >> (iShift + 1))
}
if (arrayOut[3] > iEg) {
1Shift = (arrayOut[3] — iEg)
L — arrayOutH—(2 E arrayOutfH+H>>(Shift+1))
}
if (arrayOut[3] > iEb) {
iShift = (arrayOut[3] — iEb)
arrayOut[2] = ((2 * arrayOut[2] + 1) >> (iShift + 1))
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9.10.8 Clipping and packing stage

9.10.8.1 General

The ClippingAndPackingStage( ) process by which clipping, packing, and windowing are performed is specified in
Table 194. The clipping ensures that the sample values are constrained to the appropriate range. The packing process
packs multiple samples into single variables for some values of OUTPUT BITDEPTH. The windowing process uses the
LEFT _MARGIN, TOP MARGIN, WIDTH MINUS1 and HEIGHT MINUSI1 syntax elements to discard the data

outside of the image area that is to be output.

Table 194 — Pseudocode for function ClippingAndPackingStage( )

Clipping ApdPacKingStage() {

Reference

if(OUFPUT_CLR_FMT == RGB) &&
((OUTPUT BITDEPTH == BD5) | | (OUTPUT BITDEPTH = = BD565) ||
(OUTPUT BITDEPTH = = BD10))) /* Packed RGB */

outputArrays = 1

else if (OUTPUT_CLR_FMT == RGB) | | (OUTPUT_CLR_FMT == YUV444) | |
(OUTPUT CLR FMT == YUV422) || (OUTPUT CLR FMT == YUV420))

outputArrays = 3

else if (OUTPUT _CLR_FMT == RGBE)

outputArrays = 4

else

outputArrays = NumComponents

for (i ={0; i < outputArrays; i++) {
if ({i > 0) && (OUTPUT_CLR_FMT == YUV420)) {

outputHeight = (HEIGHT MINUSI + 1)/2

n=TOP MARGIN/2

} else {

outputHeight = HEIGHT MINUSI + 1

n=TOP MARGIN

if ({i>0) &&
((OUTPUT CLR FMT == YUV422) || (OUTPUT CLR FMT == YUV420))) {

outputWidth = (WIDTH_MINUSI +1)/2

m=LEFT MARGIN/2

} else {

outputWidth = WIDTH_MINUS1 &t

m=LEFT_MARGIN

if (OUTPUT BITDEPTH ==BDS) || (OUTPUT_BITDEPTH = = BDI6) ||
(OUTPUT BITDEPTH)= = BD168S))

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

for (x = 0;x X outputWidth; x++)

ImagePlane[i][x][y] = ClippingBasic(ImagePlane[i][x + m][y + n])

9.10.8.2

els¢ if (OUTPUT BITDEPTH == BDS565)

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

for'(x = 0; x < outputWidth; x++)

ImagePlane[i][x][v] = ClipAndPackBD565(ImagePlane[0][x + m][y + n],

9.10.8.3

ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])

else if (OUTPUT BITDEPTH = = BDS5)

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

for (x = 0; x < outputWidth; x++)

ImagePlane[i][x][y] = ClipAndPackBD5(ImagePlane[0][x + m][y + n],
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])

9.10.8.4

else if (OUTPUT BITDEPTH ==BD10)

if (OUTPUT CLR FMT == RGB)

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

for (x = 0; x < outputWidth; x++)

ImagePlane[i][x][y] = ClipAndPackBD10(ImagePlane[0][x + m][y + n],
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])

9.10.8.5

else

164
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ClippingAndPackingStage() { Reference
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePlane[i][x][y] = ClipAndPackBD10(ImagePlane[i][x + m][y + n], 0, 0) 9.10.8.5
else if (OUTPUT BITDEPTH == BDIWHITEI) || (OUTPUT BITDEPTH == BDI1BLACK1))
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x+=8) { /* Up to 8 samples are packed into each output byte */
pNum = Min(outputWidth — x, 8) /* Number of values to pack into current output byte */
for (p = pNum; m < 8; p++) /* Prevent junk beyond valid image data in array */
valList[p] = 0 /* Actual value does not matter in this region */
for (p = 0; p < pNum; p++)
valList[p] = ImagePlane[i][x + m + p][y + n]
ImagePlaneli][x >> 3][y] = ClipAndPackBD1BorW (valList) 9.10.8.6
}
else /* OUTPUT BITDEPTH equal to BD16F, BD32F, or BD32S */
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePlane[i][x][y] = ImagePlane[i][x + m][y + n]
}
9.10.8.2 ClippingBasic()
The psqudocode function ClippingBasic( ) is specified in Table 195.
Table 195 — Pseudocode for function ClippingBasic()
ClippingBasic(iSample) {
if OUTPUT BITDEPTH == BDS) {
iLow =0
iHigh = 255
} else if (OUTPUT BITDEPTH =<"BDI16) {
iLow =0
iHigh = 65535
} else if (OUTPUT BITDEPTH == BDI16S) {
iLow =—32768
iHigh = 32767
}
iResult = Clip(iSample, iLow, iHigh) /* Clip within the range iLow to iHigh */
return iResult
}
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9.10.8.3 ClipAndPackBD565()
The pseudocode function ClipAndPackBD565( ) is specified in Table 196.

9.10.8.4 ClipAndPackBD5()

The pseudoc

9.10.8.5 ClipAndPackBD10( )

The pseudoc

166

Table 196 — Pseudocode for function ClipAndPackBD565( )

ClipAndPackBD565(i0, il, i2) {
iLow =0
iHigh = 31
i0 = Clip(i0, iLow, iHigh)
i2 = Clip(i2, iLow, iHigh)
iLow =0

THigh—163

il = Clip(il, iLow, iHigh)

iResult =10 + (il <<5) + (12 << 11)
return iResult

de function ClipAndPackBD5( )is specified in Table 197.

Table 197 — Pseudocode for function ClipAndPaeckBD5()

ClipAndPackBD5(i0, il, i2) {
iLow =0
iHigh = 31
i0 = Clip(i0, iLow, iHigh)
i2 = Clip(i2, iLow, iHigh)
il = Clip(il, iLow, iHigh)
iResult =10 + (il << 5) + (12 << 10)
return iResult

de function ClipAndPackBD10( ) is specified in Table 198.

Table' 198 — Pseudocode for function ClipAndPackBD10()

ClipAndPackBD10(iSample0, iSamplel, iSample2) {
iLow =0
iHigh'= 1023
1if(OUTPUT CLR _FMT ==RGB) {
i0 = Clip(iSample0, iLow, iHigh)

il = Clip(iSamplel il ow iHigh)

i2 = Clip(iSample2, iLow, iHigh)

iResult =10 + (il << 10) + (i2 << 20)
} else

iResult = Clip(iSample0, iLow, iHigh)
return iResult
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9.10.8.6 ClipAndPackBD1BorWw()
The pseudocode function ClipAndPackBD1BorW( ) is specified in Table 199.

Table 199 — Pseudocode for function ClipAndPackBD1BorW()

ClipAndPackBD1BorW(valList) {
/* valList[0] holds the value associated with the first sample value in the scan order, and
valList[7] holds the value associated with the last sample value in the scan order */
valList[0] = Clip(valList[0], 0, 1)
valList[1] = Clip(valList[1], 0, 1)
valList[2] = Clip(valList[2], 0, 1)
vttt —Chptratst3 o1
valList[4] = Clip(valList[4], 0, 1)
valList[5] = Clip(valList[5], 0, 1)
valList[6] = Clip(valList[6], 0, 1)
valList[7] = Clip(valList[7], 0, 1)
if (OUTPUT BITDEPTH == BDIBLACKI1)
iResult = (1 — valList[7]) + ((1 — valList[6]) << 1) + ((1 — valList[5]) << 2)+
((1 — valList[4]) << 3) + ((1 — valList[3]) << 4) + ((1 — valList[2])<<5) +
((1 — valList[1]) << 6) + ((1 — valList[0]) << 7)
else /* OUTPUT BITDEPTH == BD1WHITE1 */
iResult = valList[7] + (valList[6] << 1) + (valList[5] << 2) +
(valList[4] << 3) + (valList[3] << 4) + (valList[2] << 5)&
(valList[1] << 6) + (valList[0] << 7)
return iResult
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Annex A
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Tag-based file format

General

This annex specifies a format for files containing JPEG XR images. It uses syntax structures (IFD_ENTRY/( ) structures
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A.2.1 Idenptical Recommendations | International Standards

None.

A.2.2 Pai

None.

A.2.3 Additianal references
ISO/IEC 10646:2003, Information technology — Universal multiple-octet coded character set (UCS) Annex D:

Tsubctause A7) tiat each contaim @ symtax clement tFHEED—TAGasspecified rsubchause A7 7-2)
as a tag. Therefore, this file format is referred to as being tag-based. The value of the tag sery:

he type of data contained in the syntax structure that is associated with the tag.

The file format specified in this annex is based on that specified for use in ISO 12234-2, ISO 12639, TIFF

hnd is intended to provide a form of consistency and compatibility with those Specifications — e.g. to/enable th:
hctional components designed for reading, writing, and otherwise making use of such files.

This specification of this file format does not preclude the existence of alternative file fermat specifications
JPEG XR images.

When a file is formatted as specified in this annex, in addition to the syntax structutes gthat are specified by th
ta (formatted in a manner not specified by this annex) may also be present at locations within the file that lie
he locations in the file that contain the syntax structures specified by this annex:

The use of the filename extension " jxr" is suggested for files conforming to’thetile format specified in this ann|

EADER( ) syntax structure specified in subclause A.5 shall be present at the beginning of the file

FileSizeInBytes is considered to be equal to the total number of bytes in the file. The method of dete
FileSizeInBytes is determined by the application andNs not specified in this Specification. The
es shall not exceed 2% — 1.

prforming random access seek operations to access the data at arbitrary specified positions in the file

rmative references

p referenced documents are indispensable for the application of this document. For dated referenc|
fited applies. For undated-references, the latest edition of the referenced document (includ
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UCS Transformation Format 8 (UTF-8).

IEC 6

A3 De

0559:1989, Binary floating-point arithmetic for microprocessor systems.

finitions

For the purposes of this annex to this Recommendation | International Standard, the following definitions apply. In this
subclause, italic font formatting is used to identify all occurrences of terms that are defined in this subclause or in

clause 3.

A3.1
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interleaved alpha image plane: /mages with the value of ALPHA IMAGE PLANE FLAG set equal
to 1 have an interleaved alpha image plane.
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A3.2 separate alpha image plane: /mages with optional alpha image plane and the value of
ALPHA IMAGE PLANE FLAG set equal to zero have a separate alpha image plane. For such images, data relating to
the alpha image plane is present in the CODED IMAGE( ) syntax structure specified by the ALPHA OFFSET syntax
element.

A.3.3 universal multiple-octet coded character set transformation format 8 (UTF-8): The 8-bit character
set encoding specified in ISO/IEC 10646 Annex D.
A4 Abbreviations

For the purposes of this annex to this Recommendation | International Standard, the following abbreviations apply.

CIE Commission Internationale de 1'Eclairage (International Commission on Illumination)

FCC Federal Communications Commission

ICC International Color Consortium

NTSC National Television System Committee

RP Recommended Practice

UUID  Universal Unique Identifier (as specified by ISO/IEC 11578)
SMPTE Society of Motion Picture and Television Engineers

UTF Universal multiple-octet coded character set Transformation Fotmat (as specified by ISQYIEC 10646)

A5 FILE_HEADER()

A.5.1 | Syntax structure
The FIILE HEADER( ) syntax structure is specified by Table ASV.

Table A.1 - FILE_HEADER() syntax structure

FILE HEADER() { Descriptor Reference
FIXED FILE HEADER II 2BYTES u(16) A5.2
FIXED FILE HEADER 0XBC\BYTE u(8) A5.3
FILE VERSION ID u(8) A.5.4
FIRST IFD OFFSET le(32) A.5.5

H

A.5.2 | FIXED FILE HEADER II 2BYTES
FIXED| FILE HEADER“H 2BYTES shall be equal to 0x4949.

A.5.3 | FIXED-FILE_HEADER _0XBC_BYTE
FIXED| FILE “HEADER _0XBC_BYTE shall be equal to 0xBC.

A.5.4 | EILE VERSION ID

FILE VERSION ID shall be equal to 1. Other values of FILE VERSION ID are reserved for future use, as modified in
additional parts or amendments, by ITU-T | ISO/IEC.

A.S5.5 FIRST_IFD_OFFSET

FIRST IFD OFFSET specifies the byte position, relative to the beginning of the file, of the first
IMAGE FILE DIRECTORY( ) syntax structure (subclause A.6) in the file. The value of FIRST IFD OFFSET shall be
an integer multiple of 2.
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A.6

IMAGE_FILE_DIRECTORY()

A.6.1 Syntax structure
The IMAGE FILE DIRECTORY( ) syntax structure is specified by Table A.2.

Table A.2 — IMAGE_FILE_DIRECTORY( ) syntax structure

IMAGE FILE DIRECTORY() { Descriptor Reference
NUM ENTRIES le(16) A.6.2
for (iNumEntries = 0;
iNumEntries < NUM_ENTRIES;
NerErtetes+—)
IFD ENTRY() A7
ZERO OR NEXT IFD OFFSET le(32) A.6.3
I

A.6.2 NU

NUM_ENTR
NUM_ENTR

A.6.3 ZE]

ZERO OR )}

If
IMA(Q

Other
the ne

4

The value of

Decoders m4
ZERO _OR )

A7 IF]

M_ENTRIES

IES specifies the number of entries in the IMAGE FILE DIRECTORY() syntax sf
IES shall not be equal to 0. The value 0 for NUM_ENTRIES is reserved for future use by ITU-T | IS
RO _OR _NEXT IFD OFFSET

NEXT IFD OFFSET is interpreted as follows:

ERO OR NEXT IFD OFFSET is equal to 0,0 this indicates that no ad

E FILE DIRECTORY( ) syntax structures are present imthe file.

vise, ZERO OR NEXT IFD OFFSET specifies theibyte position, relative to the beginning of thg
kt IMAGE FILE DIRECTORY( ) syntax structure’in‘the file.

VERO OR NEXT IFD OFFSET shall be amanteger multiple of 2.

y ignore any IMAGE FILE DIRECTORYY{( ) syntax structures at locations in the file specified
NEXT IFD OFFSET syntax element.

D ENTRY()

A.7.1 Synjtax structure

The IFD_EN|

TRY() syntax structuse:is specified by Table A.3.

Table A.3 —IFD_ENTRY() syntax structure

ructure.
O/IEC.

ditional

file, to

by any

IFD ENTRY() { Descriptor Reference
FIELD TAG le(16) A7.2
ELEMENT TYPE le(16) A.7.3
NUM ELEMENTS le(32) A.7.4
VALCUES OROFFSET 1e(32) A TS

I

The interpretation and presence of syntax elements of the IFD ENTRY/( ) syntax structure is specified in Table A.4. The
data associated with a FIELD TAG value is interpreted as the value of the syntax element or syntax structure in the
column of the table with the heading "Syntax element or syntax structure". The term "variable" is used in the table to
indicate cases in which NUM_ELEMENTS may have any value corresponding to the quantity of associated data. The
column of the table with the heading "Presence" is interpreted as follows.

"Required" specifies that the FIELD TAG value shall be present in an IFD _ENTRY( ) syntax structure of each
IMAGE_FILE DIRECTORY( ) syntax structure in the file.
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— "Optional" indicates that the FIELD_ TAG value may or may not be present in an IFD_ENTRY/( ) syntax structure
of each IMAGE FILE DIRECTORY( ) syntax structure in the file.

IFD entries with combinations of FIELD TAG, ELEMENT TYPE, and NUM_ELEMENTS that do not appear in
Table A.4, with the FIELD TAG value in the range of 0x1000 to Ox3FFF and 0x5000 to Ox7FFF are reserved for future
use by ITU-T | ISO/IEC. Decoders shall ignore (parse and discard) any IFD_ENTRY( ) syntax structures in which such
combinations appear.

NOTE 1 - The purpose of the specification for decoders to ignore IFD entries with such combinations of FIELD TAG,
ELEMENT TYPE, and NUM_ELEMENTS is to enable the future definition of a backward-compatible usage of additional
combinations.

IFD entries with combinations of FIELD TAG, ELEMENT TYPE, and NUM_ELEMENTS that do not appear in

Table A

4, with the FIET.D TAG value in the range of 0x0000 to 0xOFFFE, 0x4000 to 0x4FFF, and 0x8000 t

0 OxFFFF are

availab
IFD_EN
conforn
affect t
ability t

NO1

IFD|

NOT
ISO
spec
use

ISO
inter]
Sped
disct

e for unspecified use and interpretation as determined by the application. Decoders sha
NTRY() syntax structures in which such combinations appear and, for purposes relevant:to
nance to this Specification, shall ignore these syntax structures. Any use of such FIELD TAG va
e expressed requirements for conformance to this Specification. Additionally, ITU-T and‘ISO/IE
b potentially specify uses for such FIELD_TAG values in future revisions of this Specification.

E 2 — Since interpretation of such FIELD TAG values may be application-specific, it is.reeommended to re
| ENTRY( ) syntax structures that have unknown interpretations when transferring files between differing appli

E 3 — The use of a field tag value equal to 0x02BC in tag-based encoded files (such as files formatte
12234-2, ISO 12639, TIFF 6.0, or EXIF 2.2), is specified in section 5 of the Adobe”Extensible Metadata P
fication. The use of a field tag value equal to 0x8769 is specified in section 4.6.3.'0f the JEITA EXIF 2.2 spq
pf a field tag value equal to 0x8773 is specified in section B.3 of the ICC TCC.1 specification and in
15076-1, which specify two versions of ICC profile data. The provisionto allow these field tag values t
ded to allow the use of the XMP, EXIF 2.2, ICC.1 and ISO 15076- 1 specifications with files encoded ac
ification (without imposing normative conformance requirements related to such use). The use of ICC profile
ssed in Annex C.

1 parse any
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Table A.4 — Interpretation, allowed combinations, and presence of
syntax elements of the IFD_ENTRY( ) syntax structure

FIELD TAG ELEMENT_TYPE | NUM_ELEMENTS Syntax element or Presence
syntax structure
0x010D UTF8 variable DOCUMENT NAME Optional
0x010E UTFS8 variable IMAGE DESCRIPTION Optional
0x010F UTF8 variable EQUIPMENT MAKE Optional
0x0110 UTFS8 variable EQUIPMENT MODEL Optional
0x011D UTF8 variable PAGE_NAME Optional
0x0129 USHORT 2 PAGE_NUMBER Optional
0x013t BTFS vartapte SOFTWARE NAMEVERSION Optioma
0x01f32 UTFS8 20 DATE TIME Optiona
0x01BB UTF8 variable ARTIST NAME Optiona
0x01BC UTF8 variable HOST_COMPUTER Optiona
0x8298 UTEF8 variable COPYRIGHT NOTICE Optiona
0xA(Q01 USHORT 1 COLOR_SPACE Optiona
0xB(01 BYTE 16 PIXEL FORMAT Required
0xB(02 BYTE, USHORT, 1 SPATIAL XFRM_PRIMARY| Optiona
or ULONG
0xB{04 ULONG 1 IMAGE TYPE Optiona
0xB{05 BYTE 4 PTM COLOR INFO(") Optiona
0xB{06 BYTE variable PROFILE LEVEE) CONTAINER() Optiona
0xB({80 BYTE, USHORT, 1 IMAGE_WIDTH Required
or ULONG
0xB({81 BYTE, USHORT, 1 IMAGE.HEIGHT Required
or ULONG
0xB({82 FLOAT 1 WIDTH RESOLUTION Optiona
0xB(83 FLOAT 1 HEIGHT RESOLUTION Optiona
0xB(Co0 BYTE, USHORT, 1 IMAGE OFFSET Required
or ULONG
0xB{C1 BYTE, USHORT, 1 IMAGE BYTE COUNT Required
or ULONG
0xB(C2 BYTE, USHORT, 1 ALPHA OFFSET Optiona
or ULONG
0xB{C3 BYTE, USHORT, 1 ALPHA BYTE COUNT Optiona
or ULONG
0xB({C4 BYTE 1 IMAGE BAND PRESENCE Optiona
0xB{C5 BYTE 1 ALPHA BAND PRESENCE Optiona
0xEA1C UNDEFINED variable PADDING DATA Optiona
A.7.2 FIHLD TAG
FIELD TAQ identifies the data contained in the IFD ENTRY( ) syntax structure. When the IFD _ENTRY( ]| syntax
structure is rjotlthe first IFD ENTRY( ) syntax structure of the IMAGE FILE DIRECTORY( ) syntax structure, the
value of FIE] : a A > prec C 2 3

of the IMAGE FILE DIRECTORY( ) syntax structure
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