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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The j
descr
differ
edito

ibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ng

rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be t
patent rights. ISO and IEC shall not be held responsible for identifying any or all such f
Details of any patent rights identified during the development:of the document wi
Introfluction and/or on the ISO list of patent declarations received (see www.iso.org/pa

procedures used to develop this document and those intended for its further-maintenance are

eded for the

ent types of document should be noted. This document was drafted in,accordance with the

he subject of
atent rights.
Il be in the
tents) or the

[EC ligt of patent declarations received (see http://patents.iec.chy:

Any {
const

rade name used in this document is information givén for the convenience of users
itute an endorsement.

For 4
exprd
Worl

see

n explanation of the voluntary nature ofistandards, the meaning of ISO specifi
ssions related to conformity assessment“as well as information about ISO's adhe
] Trade Organization (WTO) principles in the Technical Barriers to T
Wwww.iso.org/iso/foreword.html.

This
Subc
with

document was prepared by Joint Technical Committee ISO/IEC]JTC 1, Informatiof
mmittee SC 29, Coding of auldio, picture, multimedia and hypermedia information, in (
TU-T. The technically identical text is published as Rec. ITU-T T.832.

This

techrlically revised. It-also incorporates the Amendment ISO/IEC 29199-2:2012/Amd.1:201

The main changes‘Compared to the previous edition include:

— the spetification of additional colour type identifiers;

ind does not

t terms and
rence to the
rade (TBT)

) technology,
ollaboration

fourth edition caneels and replaces the third edition (ISO/IEC 29199-2:2012), which has been

7.

an

d interchange of JPEG XR coded images and image sequences;
— the specification of media type identifiers for use for use in various internet protocols.

Alist of all parts in the ISO/IEC 29199 series can be found on the ISO website.

the storage

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document 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.

The primary

intandadanplhication-—of IPEC XR ic tha ranracantatinon of ~ontinyianic +ona otill dimagac o
PP JEEro—Ar—iS—tRe—Fepres 1—6+——¢€ HeUS-toRe——S €5—S5Y

ch as

photographic
process are s
range of appl
and within en

As of 2008, th
format as spe
of three chan
values).

More demand
channel, and

six bits per ch|
The JPEG XR

application re|
CMYK and n-

numerical representations with a variety of bit depths."The primary goal is to provide a compressed f

specification
encoders and
imagery appli

JPEG XR con]

complexity er]
functionalities

high com

lossless 4

jpression capability;

low computational dnd-memory resource requirements;

o eor TTCTero—oT CritotroT Ottert Ty

images. The manner of representation of the compressed image data and the associated.ded
pecified. These processes and representations are generic, that is, they are applicable to/a
cations using compressed colour and grayscale images in communications and computer sy
bedded applications, including mobile devices.

e most widely used digital photography format is a nominal implementation-of'the first JPEG ¢
fified in ITU-T Recommendation T.81 | ISO/IEC 10918-1. This encoding usés|a-bit depth of 8 fo
hels, resulting in 256 representable values per channel (a total of 16 777,216 representable

ing applications may require a bit depth of 16, providing 65-536 representable values for

annel may be used.

Epecification enables greater effective use of compressed imagery with this broadened diver
quirements. JPEG XR supports a wide range of colour encoding formats including monochroms
romponent encodings using a variety of unsigried integer, fixed point, and floating point de

hppropriate for a wide range of applications while keeping the implementation requiremer
decoders simple. A special focus of the design is support for emerging high dynamic range
Cations.

bines the benefits of optimized image quality and compression efficiency together with

coding and decoding implementation requirements. It also provides an extensive set of add
, including:

nd lessy compression;

oding
broad
stems

oding
I each
rolour

each

resulting in over 2.8 * 1014 colour values. Additional scenarios may necessitate even greater bit
depths and sample representation formats. When memory or processing power is at a premium, as few as {

ive or

ity of
, RGB,
coded
prmat
ts for
HDR)

low-
tional

matcs

embedde
alpha pla

bit-exact

vi

image tilésegmentation

sairmacafo
5T T g CTOTTIatS,

support for low-complexity compressed-domain image manipulations;

support for embedded thumbnail images and progressive resolution refinement;

d codestream scalability for both image resolution and fidelity;
ne support;

decoder results for fixed and floating point image formats.

© ISO/IEC 2020 - All rights re

served


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29199-2:2020(E)

Important detailed design properties include:

— high performance, embedded system friendly compression;

— small memory footprint;

— integer-only operations with no divides;

— asignal processing structure that is highly amenable to parallel processing;

— use of the same signal processing operations for both lossless and lossy compression operation;

— sppport for a wide range of decoded sample formats (many of which support high dynamictange imagery):
— 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;

— radiance RGBE.

The dlgorithm uses a reversible hierarchical lifting-based lapped biorthogonal transform. The fransform has
lossleps image representation capability aid requires only a small number of integer processing ¢perations for
both ¢ncoding and decoding. The procesSing is based on 16 x 16 macroblocks in the transform domalin, which may
or mdy not affect overlapping areaslin the spatial domain (with the overlapping property selected under the
contr¢l of the encoder). The designprovides encoding and decoding with a minimal memory footpript suitable for
embeglded implementations.
The algorithm provides native support for both RGB and CMYK colour types by converting these colpur formats to
an internal luma-dominant format through the use of a reversible colour transform. In addition, YUYV,
monofhrome and arbitrary n-channel colour formats are supported.
The tfansfornis employed are reversible; both lossless and lossy operations are supported using the same

algorithm. Using the same algorithm for both types of operation simplifies implementation, which is especially
important fer embedded applications.

A wide range of numerical encodings at multiple bit depths are supported: 8-bit and 16-bit formats, as well as
additional specialized packed bit formats, are supported for both lossy and lossless compression. (32-bit formats
are supported using lossy compression.) Up to 24 bits are retained through the various transforms. While only
integer arithmetic is used for internal processing, lossless and lossy coding are supported for floating point and
fixed point image data - as well as for integer image formats.

The main body of this document specifies the syntax and semantics of JPEG XR coded images and the associated
decoding process that produces an output image from a coded image. Annex A specifies a tag-based file storage
format for storage and interchange of such coded images. Annex B specifies profiles and levels, which determine
conformance requirements for classes of encoders and decoders. Aspects of colour imagery representations and
colour management are discussed in Annex C. The typical expected encoding process is described in Annex D.
Annex E contains a media type specification for images encoded according to the tag-based format specified in
Annex A for use in various internet protocols. Annex F specifies an alternative file storage format based on

© ISO/IEC 2020 - All rights reserved vii
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ISO/IEC 23008-12 and associated media type specifications for the storage and interchange of JPEG XR coded
images and image sequences. Annexes A, B, E, and F are an integral part of this document and contain normative
specifications.

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

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

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statements of the holders of these patent rights are registered with ISO and IEC. Information may be obtained
from the pateptdatabaseavaitabte at www.iso.org/patemnts:

Attention is drawn to the possibility that some of the elements of this document may be the subjeet of patent
rights other than those in the patent database. 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 dcope

This document specifies a coding format, referred to as JPEG XR, which is designed primarily'for co
photographic content.

2 Normative references

The fpllowing documents are referred to in the text in such a way that setne“or all of their conte
requirements of this document. For dated references, only the edition cited applies. For undated r

latest

Rec. |
JPEG X

1S0/11
1S0/11

1SO/1)
envird

3 1

For th
and th

ISO ajf
— IS

— IE

edition of the referenced document (including any amendments)-applies.

TU-T T.833 | ISO/IEC 29199-3, Information technology — JPEG XR image coding system — |
(R

C/IEEE 60559, Information technology — Microprocessor systems — Floating-Point arithmetic
C 10646:2017, Information technology — Universal coded character set (UCS)

EC 23008-12:2017, Information technology — High efficiency coding and media delivery in
nments — Part 12: Image file format

erms and definitions

e purposes of this document, the terms, definitions and abbreviated terms specified in ISO/
e following apply.

d IEC maintain términological databases for use in standardization at the following addresses:

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

[ Electropedia: available at http://www.electropedia.org/

htinuous-tone

nt constitutes
eferences, the

Part 3: Motion

heterogeneous

[EC 23008-12

NOTE

For the avoidance of doubt, in case of ambiguities, the definitions in this document take prece

ence over the

definitions of ISO/IEC 23008-12 except in regard to the file format specified in Annex F. A sample in the context of ISO/IEC
23008-12 and in Annex F is "all the data associated with a single time". In Annex G, this is meant as all data associated with one

coded

3.1

image, not "element in a two-dimensional image array that comprises an image plane".

adaptive coefficient normalization
parsing sub-process where transform coefficients (3.75) are dynamically partitioned into a VLC-coded (3.77) part
and a fixed-length coded (3.28) part, in a manner designed to control (i.e.,, "normalize") bits used to represent the

VLC-c

oded part

Note 1 to entry: The fixed-length coded part of DC coefficients and low-pass coefficients is called FLC refinement and the fixed-

length

coded part of high-pass coefficients is called flexbits.

© ISO/IEC 2020 - All rights reserved
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adaptive inverse scanning
parsing sub-process where the zigzag scan order (3.80) associated with a set of transform coefficients (3.75) is
dynamically modified, based on the statistics of previously-parsed transform coefficients

3.3

adaptive VLC
parsing sub-process where the code table associated with VLC (3.77) parsing of a particular syntax element is
switched, among a finite set of fixed tables, based on the statistics of previously-parsed instances of this syntax

element

3.4

alpha image

optional seco
component of

Note 1 to entry

3.5
block
mxn array of

3.6

block index
integer in the
within a parti

3.7
byte
sequence of 8

3.8

byte-aligned
bit in a codest]
where the firg

3.9

chroma
component (3
sample values

3.10

coded block |
syntax eleme
coefficients (3

plane
hdary image plane (3.36) associated with an image of the same dimensions as the {uma
the primary image plane (3.57)

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

amples (3.64), or an mxn array of transform coefficients (3.75)

range 0 to 15 identifying, by its position in raster scan-order (3.61), a particular 4x4 block
ion of a 16x16 block into 16 4x4 blocks

bits

ream (3.13) where its position is\an)integer multiple of 8 bits from the beginning of the codest
t bit in the codestream is at position 0

14) of the primary-imdge plane (3.57) with non-zero index, or the transform coefficients (3.7
associated withhis’component

battern high-pass
ht indicating the coded block status (3.12), i.e. the presence or absence of non-zero hig
34), fer each of the blocks (3.5) in the macroblock (3.46)

3.45)

(3.5)

ream,

) and

h-pass

3.11

coded block pattern low-pass
syntax element indicating the presence or absence of non-zero low-pass coefficients (3.44) in the macroblock

(3.46)

3.12

coded block status

indication of t

3.13
codestream

he presence or absence of non-zero transform coefficients (3.75) in that block (3.5)

sequence of bits contained in a sequence of bytes (3.7) from which syntax elements are parsed

© ISO/IEC 2020 - All rights re
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Note 1 to entry: The most significant bit of the first byte is the first bit of the codestream, the next most significant bit of the
first byte is the second bit of the codestream, and so on, to the least significant bit of the first byte (which is the eighth bit of the
codestream), followed by the most significant bit of the second byte (which is the ninth bit of the codestream), and so on, up to
and including the least significant bit of the last byte of the sequence of bytes (which is the last bit of the codestream).

3.14
comp
array

3.15
conte

onent
of samples associated with an image plane (3.36)

xt

possiblevalue-ofa-specificinstance-ofacontextvariable{3-16)

3.16

context variable

variah
parsii

3.17

le used in the parsing process (3.54) to select which data structure is to be used forithe adap
g of a given syntax element

DC coefficient

firsts
comp

3.18

DC-LJ
array
specif]

3.19
decoc
embo

3.20
decod
proce

3.21

dequj
proce
codes

3.22

discri
one o
data s

ibset when the transform coefficients (3.75), that are contained in a spé€cific macroblock (3.46)
nent (3.14), are partitioned into 3 subsets

P array
of all DC (3.17) and low-pass (3.44) transform coefficients,(3.75), for all macroblocks (3.46) ass
ic component (3.14)

ler
Himent of a parsing process (3.54) and decading process (3.20)

ling process
5s of computing output samplewvalues from the parsed syntax elements of the codestream (3.13

Antization
ks of rescaling the~quantized transform coefficients (3.75) after their value has been par
ream (3.13) and(before they are presented to the inverse transform process (3.41)

minant
F DiserimVall or DiscrimVal2, which are the two member variables of an instance of the adap
tructure

tive VLC (3.3)

and a specific

pciated with a

sed from the

tive VLC (3.3)

Note 1

3.23

to entry: The adaptive VLC data structure is specified in subclause 5.5.5.

encoder
embodiment of an encoding process (3.24)

3.24

encoding process
process of converting source sample values into a codestream (3.13)

© ISO/IEC 2019 - All rights reserved
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extended image
image (3.35) produced by the decoding process (3.20) prior to windowing (3.79)

Note 1 to entry:

3.26
file

The extended image has a luma (3.45) array that is an integer multiple of 16 in width and height.

finite-length sequence of bytes (3.7) that is accessible to a decoder (3.19) in a manner such that the decoder can
obtain access to the data at specified positions within the sequence of bytes

EXAMPLE
performing "po|

3.27
file format
specified stru

3.28
fixed-length
FLC

code which af
same length

3.29

FLC refinemg
fixed-length c
fixed-length c

3.30

flexbits
fixed-length c(
length codes

3.31

Access to the data can be achieved by storing the entire seguence of butes in random access memor
J (=] he § J 4

sition seek” operations to specified positions within the sequence of bytes.

cture for the content of a file (3.26)

rode

signs a finite set of allowable bit patterns to a specific set of values,'where each bit pattern h

nt
ded (3.28) part of a DC coefficient (3.17) or low-pass-coefficient (3.44) that is parsed using ad
bdes

ded (3.28) part of the high-pass coefficient. (3.34) information which is parsed using adaptive

frequency band

one of three
coefficients (3

3.32

frequency m
codestream (]
frequency ban|

3.33
hard tiles

subsets of the transform coefficients (3.75) for an image (3.35), which are separately parsg
17), low-pass coefficients (3:44) and high-pass coefficients (3.34)

bde
.13) structurer mode where the DC (3.17), low-pass (3.44), high-pass (3.34) and flexbits
s (3.31) fer.each tile (3.72) are grouped separately

or by

as the

Aptive

fixed-

d: DC

(3.30)

codestream (3-I3)STIUCTUTE MOUE WHETE the OVeriap operators are not appiied across tile boundartes; Mstead,
boundary overlap operators are applied at tile boundaries

3.34

high-pass coefficient
third subset, when the transform coefficients (3.75) that are contained in a specific macroblock (3.46) and a
specific component (3.14) are partitioned into 3 subsets

3.35
image

result of the decoding process (3.20) consisting of a primary image plane (3.57) and an optional alpha image plane

(3.4)

© ISO/IEC 2020 - All rights re
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image plane
collective term for a grouping of the components (3.14) of the image (3.35)

3.37

initial level value
one of two values used to compute the VLC-coded (3.77) part of a transform coefficient (3.75)

3.38
interl

eaved alpha image plane

-2:2020(E)

alpha image plane (3.4) that is coded in a codestream (3.13) in an interleaved manner together with the primary

InioAl

image

3.39

internal colour format

colou

and tlhe sample reconstruction process (3.65), and distinguished from the output colourformat (3.4

with t]

3.40
inver
ICT
two sf
with

3.41

inver
part o
into s

3.42

inver
proce
transfl

343

little-
order
repre

Note 1

3.44
low-p
secon
specif

wlarafl2
Prartc (o937

 format associated with the spatial-domain samples obtained through the inverse transform

he output formatting process (3.50)

e core transform

eps of the inverse transform process (3.40) that involve processingef transform coefficients (3.
ach macroblock (3.46) independently, with no overlap filtering (3:53)

ke transform process
f the decoding process (3.20) by which a set of dequantized (3.21) transform coefficients (3.75)
pbatial-domain values

e scanning
5s of reordering an ordered set of parsed syntax elements from the codestream (3.13) to for
pbrm coefficients (3.75) associated with a specific component (3.14) and macroblock (3.46)

endian form

process (3.40)
9) associated

F5) associated

are converted

m an array of

ng of the bytes (3.7) that represent a numerical value as an integer number of bytes in which the bytes

senting the number dre'in ascending order of significance
to entry: With the least significant byte first, followed by the next least significant byte, etc.
ass coefficient

 subset, when the transform coefficients (3.75) that are contained in a specific macroblock
ic\Component (3.14) are partitioned into 3 subsets

(3.46) and a

3.45
luma

component (3.14) of an image plane (3.36) with index zero, and the transform coefficients (3.75) and sample values
associated with this component

Note 1 to entry: Although this term is commonly associated with a signal that conveys perceptual brightness information, as
used in this document the term is primarily an identifier of a particular array of samples or transform coefficients for an image

(3.35).
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3.46
macroblock
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collection of transform coefficients (3.75) or samples, across all components (3.14), that have the same indices i
and j with respect to a macroblock partition (3.47)

3.47

macroblock partition
partitioning of each component (3.14), into 16x16, 8x8, or 16x8 blocks (3.5), depending on the internal colour

format (3.39)

3.48

+h

output bit de,
representatio
of the output

3.49
output colou
colour format

3.50

h, including the number of bits and the interpretation of the bit pattern, used for the sample
mage (3.35) that are the result of the decoding process (3.20)

r format
associated with the output image (3.35) that is the result of the decoding progess (3.20)

output formd

process of Collverting the arrays of samples (that are the result of the sample regonstruction process (3.65]

the output sa

Note 1 to entry
(3.48).

3.51
output imagd
height of the s
decoding proc|

3.52
output image
width of the s
decoding proc|

3.53
overlap filter
steps of the
adjacent bloch

Note 1 to entry
When the codef
overlap filterin

tting process

ples that constitute the output of the decoding process (3.20)

This specifies a conversion (if necessary) into the appropriate output colour format (3.49) and output bi

height
ub-array of the luma (3.45) component (3.14).ef the primary image plane (3.57) that is output
pss (3.20)

width
ib-array, of the luma (3.45) component (3.14) of the primary image plane (3.57) that is output
bss (3.20)

ing
inverse transformr process (3.41) that involve processing of transform coefficients (3.75)
s (3.5) and magrablocks (3.46)

: When qverlap filtering is applied, it is applied across macroblock boundaries as well as block boun|
tream (3:13) uses soft tiles (3.67), the overlap filtering is also applied across tile (3.72) boundaries. Oth
b doeS not occur across tile boundaries.

yalues

) into

t depth

by the

by the

HCIOSS

daries.
brwise,

3.54

parsing process
process of extracting bit sequences from the codestream (3.13), converting these bit sequences to syntax element
values, and setting the values of global variables for use in the decoding process (3.20)

3.55
prediction

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

3.56

prediction residual
difference between the result of the prediction (3.55) process invoked for a sample or data element, and its
intended value
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primary image plane
image plane (3.36) that consists of all image (3.35) components (3.14) that are not a part of the alpha image plane

(3.4)

3.58
QP in

dex

-2:2020(E)

integer, which for a particular frequency band (3.31) and macroblock (3.46) specifies the index into the table of
quantization parameters (3.60) available for this frequency band and tile (3.72)

Note 1 to entry: The QP index (3.58) thereby selects, for this macroblock, the quantization parameter used for the

dequa

3.59

QP set

tization (3.21) of the transform coefficients (3.75) in the specific frequency band (3.31)

set of| quantization parameters (3.60) associated with a particular frequency band (3.31)} corresp

luma

3.60

3.45) and chroma (3.9) components (3.14)

quantization parameter

QP

value

used to compute the scaling factor for the dequantization (3.21) of-a\transform coefficient (3.7

inversg transform process (3.41) is applied

3.61
raste
scan
scann|

3.62

" scan order
rder in which a two-dimensional array of values iséScanned row-wise from left to right, and
ed from the top row to the bottom

refinegment

proce

3.63
run
numb|

5s of modifying a predicted or partially-computed transform coefficient (3.75)

er of zero valued coefficient levels that precede a non-zero valued coefficient level in the zig2

(3.80) during the inverse scanning (3.42) process

3.64
samp

le

element in a two-dimensional image array that comprises an image plane (3.36)

3.65
samp
proce

3.66

le reconstruction process

6s of(Converting dequantized (3.21) transform coefficients (3.75) into samples of the image (3.3%

onding to the

5), before the

the rows are

ag scan order

separate alpha image plane
alpha image plane (3.4) that is coded in a codestream separately from the primary image plane (3.57)

3.67

soft tiles
codestream (3.13) structure mode where the overlap operators are applied across tile boundaries

3.68

spatial co-location
sub-arrays of samples are spatially co-located (3.68) across components (3.14) when they correspond to the same
spatial region of the decoded image (3.35)

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29

199-2:2020(E)

Note 1 to entry: The macroblock partition (3.47) of the image ensures that the i-th macroblock (3.46) horizontally and j-th
macroblock vertically across all components are spatially co-located.

3.69
spatial mode

codestream (3.13) structure mode where the DC (3.17), low-pass (3.44), high-pass (3.34) and flexbits (3.30)
frequency bands (3.31) for each specific macroblock (3.46) are grouped together

3.70

spatial transformation
element in the codestream (3.13) indicating the preferred final displayed orientation of the decoded image (3.35)

Note 1 to entry

Note 2 to entry|
decoded image

3.71

start code
bit pattern th
elements in th

3.72
tile
collection of nj

Note 1 to entry

3.73
tile packet

contiguous subset of the codestream (3.13), which contains‘the coded syntax elements associated with a sj

tile (3.72)

3.74
tile partition

partition of thle image (3.35) into rectangular arrays of macroblocks (3.46)

Note 1 to entry

3.75

transform coefficient

values, associ
(3.21) - form

3.76
universal my

As specified in subclause 8.3.8.

The spatial transformation (3.70) is only a suggestion, and decoder (3.19) conformance is checked-only
(3.35) prior to the application of this transformation (i.e. for orientation 0).

at specifies the beginning of a tile packet (3.73) or other distinguished, contiguous set of 3
e codestream (3.13)

pacroblocks (3.46) that have the same indices i and j with respect to a tile partition (3.74)

Each tile (3.72) corresponds to the macroblocks for a rectangular region of the image (3.35).

As specified in subclause 6.4.

hted with each-specific macroblock (3.46) and specific component (3.14), that - after dequanti
the inputartays into the inverse transform process (3.41)

Itiple-octet coded character set transformation format 8

for the

yntax

becific

zation

UTF-8
8-bit characte

r set encoding

Note 1 to entry: As specified in ISO/IEC 10646:2017, Annex D.

3.77

variable-length code

VLC

code which assigns a finite set of allowable bit patterns to a specific set of values, where each bit pattern is
potentially of a different length
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3.78
VLC refinement
one of two values used to compute the VLC-coded (3.76) part of a transform coefficient (3.75)

Note 1 to entry: The number of bits required to specify the VLC-refinement is dependent on the value of the initial level value
(3.37). The VLC refinement is added to the initial level value to produce the VLC-coded part of the transform coefficient.

3.79

windowing

selection of spatially co-located (3.68) sub-arrays of the components (3.14) of all present image planes (3.36)
associated with an image (3.35) that are output by the decoding process (3.20)

3.80

zigzag scan order

adaptjve ordering for the inverse scanning (3.42) process, which assigns array indices’ to” each subsequent
transfprm coefficient (3.75) parsed from the codestream (3.13)

4 Abbreviated terms

CBPHP coded block pattern high-pass

CBPLP coded block pattern low-pass

CIE International Commission on Illumination

FCC Federal Communications Commission

FCT forward core transform

FLC fixed-length code

HP high-pass

ICC International Color Consortium

ICT inverse core transform

JPEG Joint Photographic Experts(Group

LP low-pass

LSB least significant bit

MSB most significant bit

NTSC National Television System Committee

QP quantization parameter

RP récommended practice

SMPTE Society of Motion Picture and Television Engineers

UUID universal unique identifier (as specified by ISO/IEC 11578)
UTF universal multiple-octet coded character set transformation format (as specified by ISO/IEC 10646)
VLC variable-length code

5 Conventions
5.1 Conformance language

The keyword "reserved" indicates a provision that is not specified at this time, shall not be used in
implementations conforming to this edition of this document and may be specified in the future. The keyword
"forbidden" indicates "reserved" and in addition indicates that the provision will never be specified in the future.
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5.2 Operators

NOTE Many of the operators used in this document are similar to those used in the C programming language (e.g. as
specified in ISO/IEC 9899).

5.2.1 Arithmetic operators
+ addition
- subtraction (as a binary operator) or negation (as a unary prefix operator)
++ increment by one as a unary postfix operator
-- decrgment by one as a unary postfix operator
* multiplication
/ integper division, where the result is truncated towards zero
- division in mathematical equations where no truncation or rounding is intended
x division in mathematical equations where no truncation or rounding is intended
y
% X % q1is defined as the modulus operator forx >=0anda >0
X % dis defined as —(((-x) % a)) forx <0and a>0
NOTE 1 Although sometimes used as unary prefix operators in the C programming language, the "++" and "- -" arithmetic

operators are njot used as unary prefix operators in this document.

NOTE 2 The diyjision operators used in this document differ somewhat from those used in the C programming language.

5.2.2 Logital operators

hl OR
hl AND
hl NOT

)
&&

!

logic
logic
logic

TRUE/FALSE [convention:

— When a va
element of
is evaluate

— When the
relational
compared

riable or arithmetic expression having a non-zero value is evaluated as a logical condition or
a logical expressian,)it is evaluated as TRUE, and when a variable or expression having a zero
d as a logical condition or as an element of a logical expression, it is evaluated as FALSE.

value of a¥ariable or arithmetic expression is compared to the value TRUE (in text or u
hbperator);-it is compared to the value 1, and when the value of a variable or arithmetic expres
to the value FALSE (in text or using a relational operator), it is compared to the value 0.

as an
value

s5ing a
ion is

— When a vartabteissettothie vatue TRUE Ttisset to the vatue 1 amd wirema variabte s setto the vatue F

it is set to the value 0.

10

ALSE,
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Relational operators

greater than

greater than or equal to
less than

less than or equal to
equal to

not equal to

-2:2020(E)

5.2.4

Bit-w
equiv.
value
negat
operat
opera

&

x>>Db

x<<b

Bit-wise operators

AND

When operating on a bit pattern argument that contains feweb bits than the other argume
argument is extended by adding more significant bits egual to the MSB of the shorter 4
that the number of bits representing the shorter argument is made the same as the num|
the longer argument.

OR

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

XOR

When operating on a bit pattern argument that contains fewer bits than the other argume
argument is extended by@dding more significant bits equal to the MSB of the shorter a
that the number of bifs representing the shorter argument is made the same as the num
the longer argument:

arithmetic right'shift of a two's complement integer representation of x by b binary digits
non-negativé integer

Bits shifted,into the MSBs as a result of the right shift have a value equal to the MSB of x pr
operatien:

arithmetic left shift of a two's complement integer representation of x by b binary digits
non-negative integer

Rits shifted into the .SBs as a result of the left shift have 3 value equal to 0

se operators operate on bit pattern values that are produced by conversion of am)integer value to an
hlent bit pattern value. Bit-wise operators operate on a two's complement representation
using a number of bits sufficient to represent the integer value (with a bit equaljto 0 in thg
ve integer value representations and otherwise with a bit equal to 1 in the MSB). The resul
or is then interpreted as a two's complement representation of an integer walue. The following bit-wise
ors are defined:

of the integer
MSB of non-
r of a bit-wise

ht, the shorter
rgument such
ber of bits for

ht, the shorter
rgument such
ber of bits for

ht, the shorter
rgument such
ber of bits for

, where b is a

or to the shift

where b is a

© ISO/IEC 2019 - All rights reserved
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5.2.5 Assignment operators

assignment operator

+= x+=ais definedasx=x+a

-= x -=aisdefinedasx=x-a

A= x*=aisdefinedasx=x"a

*= x*=aisdefinedasx=x*a

<<= x <<=ais defined asx = (x << a)
>>= x >3=ais defined asx = (x >>a)
5.2.6 Precedence order of operators

, they
ssion,
[

listed below in descending order of precedence. If several operators appear in the same ling
ecedence. When several operators of equal precedence appear at the same level<in an exprg
ceeds according to the associativity of the operator either from right to left or from left to righ

Operators ar¢g
have equal p
evaluation pri

Table 1 — Precedence order of operators

Operators Type of operation Associativity
()I1. expression leftto right
4, — - postfix operators right to left
- ! unary

L%, X multiplication and division left to right
+, - addition and subtraction left to right
<<, >> arithmetic shift left to right
<,> <=, >= relational left to right
==, = equality test left to right
& |, " bit-wise operator left to right
&&, | | logical operators left to right
7, =, %= 4=, -3, A=) <<=, >>= assignment operators right to left
5.2.7 Pseddocode operations

Pseudocode is organized into "functions" that are specified in tabular form. A sample pseudocode table is

ments

presented in

enclosed in crlI

function defi
containing thg

Arguments pd

Table 2. Pseudocode)statements are each expressed as a row of the table. A group of state

rly brackets "{..(}")is a compound statement and is treated functionally as a single statement

ition begins with'a table row specifying the name of the function, the arguments of the functio
opening ctrly bracket of a compound statement.

ssedto.a pseudocode function are listed in parenthesis after the function name, and are ¢

Each
n, and

pmma

delimited. Twp types of arguments are used in pseudocode function definitions, as follows:

— Non-array variables, which are passed by value (e.g. valueArgument1 in Table 2).
— Arrays, which are passed by reference (e.g. arrayArgument2| | in Table 2).

Non-array variables that are passed to a function are addressed within the function using a local variable name,
even when a global variable (subclause 5.5) has been used when calling the function. Since non-array variables are
passed by value rather than by reference, any changes made to the value of the local variable within the function
do not affect the value of the (local or global) variable that was used as a calling argument by the invoking process
when the function was called. Since arrays are passed to a function by reference rather than by value, any changes
made within the function to the values of entries in such an array (specified using a local array name within the
function) do persist after the completion of the pseudocode function. Changes made to the values of global
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variables (subclause 5.5) that are specified within a function using the name of the global variable also persist
after the completion of the pseudocode function.

Pseudocode functions may or may not return a value. When a function returns a value, the value that is returned is
specified by a "return” statement that appears as the last statement in the compound statement 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

Reference

The p

The p
"state|

The p
of a '
follow

ExamplePseudocode(valueArgumentl nrrnvArgnmnnf')[ NL
I L O 7 J =] L 1) U

statement

return valueReturn

Table 3 — Example of a pseudocode comment

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

ExamplePseudocodeComment( ) {

Reference

/* this is a comment start and end */

Table 4 — Example of a pseudocode while statement

seudocode convention shown in Table 4 specifies repeated, execution of a "condition" checking
ment" until the "condition" is no longer TRUE.

ExamplePseudocodeWhileStatement() {

Reference

while (condition)

statement

Table 5 — Example of a pseudocode for statement

seudocode convention shown in-Table 5 specifies evaluation of an "initial statement” followed
condition”, and when the “¢ondition" is TRUE, it specifies repeated execution of a "prima
ed by a "subsequent statement”, and repeating the checking of the condition and the exg
primdry statement and subsequent statement until the checked condition no longer evaluates to the

ExamplePseudocodeForStatement( ) {

Reference

for (initial statement; condition; subsequent statement)

primary statement

followed by a

by evaluation
ry statement”
cution of the
value TRUE.

The pseudocode convention shown in Table 6 specifies that a "statement” is executed if a "condition" is TRUE, and
that an "alternate statement" is otherwise performed.

Table 6 — Example of a pseudocode conditional statement

ExamplePseudocodeConditionalStatement( ) {

Reference

if (condition)

statement

else

alternative statement

© ISO/IEC 2019 - All rights reserved
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— 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

iArr[]={2,4, 6, 8}

)

5.2.8 Mathematical functions

Ceiling(x)

Floor(x)

Ln(x)

Max(a, b)

Min(a, b)

Abs(x)

Sign(x)

14

ceiling function

Returns the smallest integer that is greater than or equal to the real-valued argument x

floor function

Returns the largest integer that is less than or equal to the real-valued argument x.

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

2.718 281 828...)

maximum of two arguments (as specified in Table 8)

Table 8 — Definition of mathematical function Max( )

Max(a, b) {

Reference

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) {

Reference

if (a <= b)

valpeReturn = a

else

valueReturn = b

return valueReturn

}

absplute value of an argument (as specified in Table 10)

Table 10 — Definition of mathematical function Abs()

Abs(x) {

Reference

if (x>= 0)

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) {

Reference

if (x>= 0)

valueReturn =1

else
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valueReturn = -1

return valueReturn

}

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 integer value to a range lie hetween integers il.ow and iHigh (as specified i

n Table 13)

Sqrt(

Numoa

53§
5.3.1
The s
Table

the fix
advan

nes(x)

Table 13 — Definition of mathematical function Clip()

Clip(x, iLow, iHigh) {

Refer

ence

valueReturn = Max(x, iLow)

valueReturn = Min(valueReturn, iHigh)

return valueReturn

}

square root of x

returns the number of bits in an argument that are-set, for a positive integer agument x that
is represented in two's complement arithmetic (@s.specified in Table 14)

Table 14 — Definition of mathematical function Numones( )

Numones(x) {

Refer

ence

valueReturn = 0

while (x !=0) {

valueReturn += (x & 1)

x>>=1

}

return valueReturn

yntax and semantics notation

Method of specifying syntax in tabular form

ntax tables specify’ a superset of the syntax of all allowed codestreams. Additional constraintsfon the syntax
may allso be specified, €ither directly or indirectly, in other subclauses.

15 lists\an-example of pseudocode used to specify the syntax. When the name of a syntax elem

ent appears in

st column, it specifies that the syntax element is parsed from the codestream and the codestr¢am pointer is
ced'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 document.

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

— 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-

© ISO/IEC 2019 - All rights reserved
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bit syntax 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): ada
This indicd
selected ad

The column
constraints or

ptive entropy coded syntax element where the most significant bit of the code is the leftymo
laptively based on the values of other previously parsed syntax elements.

with the heading "Reference” provides one or more links to semantics ofJinformation
an associated syntax element.

Table 15 — Syntax table example

HEA

DER_EXAMPLE() { Descriptor Reference

* 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 */

—-

(condition)

SYNTAX_ELEMENT_EXAMPLE u(8) 5.3.2

}

5.3.2 SYN]

SYNTAX_ELEN
this subclausd

5.3.3 Synt

The codestres
elements app
the most-sign
the syntax ele
of the syntax

of the first sy
the next less 4
most-significa
bits of the firs

[AX_ELEMENT_EXAMPLE semantics

, as identified in the "Reference” column of the associated syntax table in subclause 5.3.1.
hx functions

m is formatted as an ordered sequence of bytes. These bytes contain sequences of bits. The 3
par within a sequence-of bits in the order specified in the syntax tables, and for each syntax ele
ficant bit of the syntax element representation is the first bit in the sequence of bits that repr
ment and the least’significant bit of the syntax element representation is the right-most bit. Th
blements shall:be extracted from the bytes that represent them by extracting the most-signific3
htax element from the most-significant bit of the first byte, the next bit of the syntax elemen
ignificant-bit of the byte, etc., proceeding through to the least-significant bit of the byte and th
nt bit of the following byte, if the bit pattern for the syntax element is longer than 8, etc. Aft]
t.Syntax element, the same convention shall be followed, starting at the next bit, for the bits

st bit.

tes a variable-length coded syntax element, where the VLC table used to parse the syntdx elenjent is

about

NENT_EXAMPLE is an example 8-bit syntax element having semantics and constraints specified in
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Unless otherwise specified, the bytes of the codestream are ordered in the sequence of bytes that forms the
codestream such that the conceptually-first byte is placed first in the sequence of bytes, the second byte is placed
second, etc. (i.e, so-called "network" or "big endian" byte ordering is 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.
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IS_BYTE_ALIGNED( ) is a syntax function specified as follows:
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— If the current position in the codestream is on a byte boundary, i.e., the next bit in the codestream is the first bit
in 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.

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 co

destream corresponds to iLoc equal to 0.

5.4
5.4.1

Globa
is spe
lower
excep
plane
image

In thd

Ormatting Conventions
Variable and array naming conventions

variables are in scope throughout more than one subclause. The extent of the scopé ‘of each g
cified in subclause 5.5. The name of a global variable begins with an upper ¢ase letter and i
case letters or numerals, and does not include underscore characters, e.gJas in "ImageWi
fion of image variables (subclause 5.5.1), all other global variables are associated with a
therefore, a separate instance of each global variable exists for the ptimary image plane and
plane (in the case where an alpha image plane is present).

parsing syntax and pseudocode tables of Clause 8, the global-variable IsCurrPlaneAlphaF

indicaqte which set of global variables are referenced in the tablejif IsCurrPlaneAlphaFlag is equal

globa
TRUE

The s
upper

Squary

one-d
arrayl

5.4.2

An in

variables referenced are those of the primary image plane; otherwise (IsCurrPlaneAlphaF]
, the global variables referenced are those of the alpha‘image plane.

ope of local variables is limited to one subclausesThey begin with a lower case letter and mayj
case letters or numerals and do not include underscore characters, e.g. iValue.

e parentheses are used for the indexing-of arrays. Arrays can be either syntax elements o
mensional array is referred to as a list! Array indices count from zero. For example, the fil
Example| | is arrayExample[0].

Data structure naming conventions

stance of a data structure is labelled by bold-faced letters. The member variables of a data

formadtted like global variables. To reference a member variable of a data structure instance, the

instar

ce's name is asspciated with the member variable with a period ".", e.g. AbslevellndexDCL

indicdtes that the member variable TableIndex is part of the data structure instance AbslevellndexI

5.4.3

Synta

Syntax-élement naming conventions

kK elements are labelled by a name in upper case letters, in which at least one underscor

includ

lobal variable
ncludes some
th". With the

$pecific image

for the alpha

ag is used to
to FALSE, the
ag is equal to

include some

r variables. A

st element of

structure are
ata structure

m.Tablelndex

)CLum.

b character is

ed:

5.4.4

Syntax structure naming conventions

Syntax structure is a term used to refer to a collection of syntax elements. Syntax structures are identified by a
name in upper case letters, in which at least one underscore character is included, followed by a pair of
parentheses. Within the parentheses, there may be one or more variables. These variables correspond to variables
or values that are associated with the pseudocode table for this syntax structure when the syntax structure is
invoked within another syntax structure.

5.4.5 Naming conventions for mnemonic constants

Mnemonics are used to refer to constant values taken by syntax elements in the parsing and decoding process.
Mnemonics constants are in upper case letters without underscores and may include numbers, e.g. YUV420. The
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mnemonic constants that are used are defined in Table 16. The mnemonic constant RESERVED is used to specify a
value that is reserved for future use.

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

BD10, BD

BD1WHITE1, BD8, BD16, BD16S, BD16F, BD32S, BD5,

Table 23 for syntax element OUTPUT_BITDEPTH
565, BD1BLACK1

ALL, NOR

LEXBITS, NOHIGHPASS, DCONLY

Table 29 for syntax element BANDS_PRESENT

5.4.6 Namijng conventions for numerical values

Integer numH
hexadecimal ¥

Hexadecimal
notation to dg
eight-bit pattd

that are specified under a "Code" heading in tables that are referred to as "code tables" are bit pattern
h string of digits equal to 0 or 1 in which the left-most bit is.¢considered the most-significan
cal values not prefixed by "0x" are decimal values. When usedtin expressions, a hexadecimal v
s having a value equal to the value of the corresponding bit pattern evaluated as a |
h of an unsigned integer (i.e., as the value of the numbéryformed by prefixing the bit pattern

(specified as
Other numeri
interpreted 4
representatio
sign bit equa
example, the
being equal tg

5.4.7 Array dimensions convention

Arrays of heig
and function
other cases.

5.5 Global v

In subclause
Changes in v
persistence is
5.5.1 Imag

The following

nexadecimal value OxF is equivalent to the 4-bit pattern '1111' and is interpreted in expressi

ers are expressed as bit patterns, hexadecimal values, or decimal numbers, Bit/pattern
alues have both a numerical value and an associated particular length in bits.

note a bit pattern having a length that is an integer multiple of 4. For,éxample, 0x41 represe
rn having only its second most significant bit and its least significantbitequal to 1. Numerical

to 0 and interpreting the result as a two's complément representation of an integer valug

the decimal number 15.

s and

hotation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary

hts an
yalues
yalues
t bit).
hlue is
binary
ith a
). For
bhns as

ht valHeight and width valWidth are-denoted as having dimension valHeightxvalWidth. For variable

names, the character "x" is used as-the cross symbol. Otherwise, the cross symbol "x" is used

ariables
b.5, bold font formatting is used to identify each global variables in the subclause it is desd
hlue applied to 'glébal variables persist beyond single pseudocode functions. The scope o
specified by the'subclause in which the global variable is defined.

te variables

glebal variables maintain information relevant to the entire image.

in all

ribed.
f that

ExtendedWidth[i]: This variable specifies the extended image width of component i.

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.

ImagePrimary[i][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.

18
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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.

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.

rage vertically.

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

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

NumlBInTile[n]: This variable holds the value associated with the number,of macroblocks in the ntth tile.

NumBandsOfPrimary: This variable holds the value associated with)‘the value of NumBands (defined in
subclguse 5.5.2) for the primary image plane.

Subsg¢quentBytes: This variable holds the value associated with“the number of bytes of subsequent data that
precefle the CODED_TILES( ) (subclause 8.2.2) syntax elemént and follow the image plane headers and the tiles
index|table.

5.5.2| Image plane variables
The fqllowing global variables maintain information relevant for all tiles of the current image plane.

IsCurpPlaneAlphaFlag: This variable is equal to TRUE if the current plane that is being parsed or decoded is the
alphalimage plane; otherwise, this variable is equal to FALSE. It is also used to specify which set df image plane
varialjles, tile variables, and macroblock variables are being referenced.

Num(omponents: This variable-holds the value associated with the number of colour components present in the
codesfream for the current‘image plane. For the primary image plane, its value can be obtainled by calling
DetermineNumComponénts( ) (subclause 8.4.11). For the alpha image plane, its value is equal to 1.

NumBands: This <ariable holds the value associated with the number of frequency bands pfresent in the
codesfream for-the current image plane. Its value can be obtained by calling DetermineNumBandg( ) (subclause
8.4.4)

NumlIPQPs: This variable holds the value associated with the number of low pass QP sets. This varigble may have

4 4 1 H 1 e £ 4l PRy |
a constatncvartaeoveran uuasc plalic ul 1t lllcly VClly ITUIIT UIIT LU UIT,

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

MBQPIndexLP[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 colour components.

MBQPIndexHP[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 HP coefficients, corresponding to the macroblock indexed by MBx and
MBy. The same index applies for all colour components.

© ISO/IEC 2019 - All rights reserved 19


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29199-2:2020(E)

MbDCLP[MBx][MBy][i][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 MBy, associated with the colour component
indexed by i. For non-zero values of the index j, this variable holds the j-th LP transform coefficient for the
macroblock indexed by MBx and MBy, and associated with the colour component indexed by i. The index j ranges
from 0 to 15 for luma components of all colour formats and chroma components of all colour formats except YUV
4:2:0 and YUV 4:2:2. In the YUV 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 colour component i — for the macroblock indexed by MBx and MBy. The index j

ranges from 0

to 255.

The ordering
index of a 4x4

to 15. Then thie 16 transform coefficients for this block (indexed in raster scan order in the block) arelrepreq

by the valueq
inclusive.

MBCBPHP[M
status for the
association of]
the value 1 if {

PredDCLP[M
and LP coeffi

indexed by i; the index j ranges from 0 to 6. The predicted DC value céresponds to index 0.

ModelBitsMH
the member ¥
macroblock in
one value for

NOTE The v,
parsing of the s

of the 256 transform coefficients in the macroblock is as follows: let iBlkIndex represent-the

of MBBuffer[MBx][MBy][i][j], where j ranges from (16*iBlkindex + 0) to (16X*iBlkIndex

Bx][MBy][i]: (MBx and MBy are defined in subclause 5.5.4) This variable holds the coded
macroblock indexed by MBx and MBy, associated with the colour component indexed by
a bit of this variable to the block in the macroblock is specified in subgclause 8.7.17.1, and a bit
he corresponding block has non-zero HP transform coefficients to(bé scanned.

Bx][MBy][i][j]: (MBx and MBy are defined in subclause 5.5.4), This variable holds the predict
Fient values, for the macroblock indexed by MBx and MBYy, associated with the colour comp

HP[MBx][MBy][i]: (MBx and MBy are defined insubclause 5.5.4) This variable holds the v4
ariable MBits[i], associated with the data structure ModelHP as defined in subclause 5.5.6, fi
dexed by MBx and MBy. The index i ranges frem 0 to 1. For each macroblock, two values are s
he luma component, and one value for the\.chroma components.

hlues ModelBitsMBHP[MBx][MBy][i] are-used in the parsing process to communicate the state betwsd
fntax structures MB_HP( ) and MB_FLEXBITS( ). See Table 83.

block

block of component i in the macroblock, indexed in raster scan order, with iBlkIndex ranging from 0

ented
+ 15),

block
i. The
takes

ed DC
onent

lue of
or the
tored:
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ImagePlane[{][x][y]: This variable holds:the’sample value associated with the colour component i, located [at the
position indidated by the values x and y,_where 0 <= i < NumComponents, 0 <= x < ExtendedWidth[i], 0 ¥=y <
ExtendedHeight[i], for the current image plane being decoded.

5.5.3 Tile yariables

The following|global variables maintain information that is relevant for all macroblocks in the current tile:
TileIndexx: This variable holds the column index of the current tile. The value of TileIndexx is in the range 0 <=

TileIndexx < N

lumTileCols.

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

NumMBInCurrentTile: This variable holds the value associated with the number of macroblocks in the current

tile.

DCQuantParam[i]: This variable holds the DC quantization parameter for the colour component i of the current

tile.

LPQuantParam[i][j]: This variable holds the LP quantization parameter for the colour component i, and the
quantization parameter index j of the current tile.
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HPQuantParam[i][j]: This variable holds the HP quantization parameter for the colour component i and the
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 associated
with the macroblock partition of the image.

MBYy: This variable holds the row index of the current macroblock, with respect to the block indices associated
with tfremacroblock partitiomrof theinmage:

MBD(Mode: This variable holds the DC coefficient prediction mode for the current macroblock.
MBLBMode: This variable holds the LP coefficient prediction mode for the current macreblock.
MBHPMode: This variable holds the HP coefficient prediction mode for the currentimacroblock.
DCInput[i]: This variable holds the DC transform coefficient value for each colouir component i.

LPInput[i][j]: This variable holds the j-th LP transform coefficient value\for each colour component {.

HPInputVLC[i][jl[K]: This variable holds the most significant bits.ef the k-th HP transform coeffigient value for
the j-th block of the macroblock for each colour component .

HPInputFlex[i][j]1[K]: This variable holds the least significant bits of the k-th HP transform coeffidient value for
the j-th block of the macroblock for each colour componént i.

IsMBLeftEdgeofTileFlag: This variable indicates:whether the current macroblock is along the left efige of the tile.
Itis s¢t 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 edg of the tile. It
is set pqual to TRUE if MBy is equal to TopMBIndexOfTile[TileIndexy]. Otherwise, it is set equal to FALSE.

5.5.5| Data structures for adaptive VLC table selection
5.5.5{1 General

Syntak elements whichare 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 ¢lement.

AdaptiveVLCdata structure template member variables are as follows:

— DigcerimVall: 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
syntax 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
macroblock.

— Delta2Tablelndex: The index selecting which Delta Table is used for modifying DiscrimVal2, for the current
macroblock.
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The collective term discriminant is used, when referring to either DiscrimVal1l or DiscrimVal2; these two member
variables are jointly referred to as the discriminants associated with a specific AdaptiveVLC data structure
instance.

Subclauses 5.5.5.2 through 5.5.5.4 define the instances of the AdaptiveVLC data structure that are used for the

parsing of syntax elements associated with DC, LP, and HP transform coefficients.

NOTE

Informative remarks related to this subclause are provided in subclause D.9.

5.5.5.2 DC adaptiveVLC data structure instances
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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 Tablelndex chooses between the code tables for the syntax element INDEX_A, which are
specified in subclause 8.7.18.9.4.

DecIndLPChr1: 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 subclause 8.7.18.9.4.
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AbsLevellndLPO: 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 LP values with iContext (local to the pseudocode table for DECODE_BLOCK( )) equal to 0.
The corresponding TableIndex chooses between the code tables for the syntax element ABS_LEVEL_INDEX, which
are specified in subclause 8.7.14.5.

AbsLevellndLP1: 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 LP values with iContext (local to the pseudocode table for DECODE_BLOCK( )) equal to 1.
The corresponding Tablelndex chooses between the code tables for the syntax element ABS_LEVEL_INDEX, which

are specified in subclause 8.7.14.5.

5.5.5

4 High-pass adaptiveVLC data structure instances
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AbsLevellndHPO: 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 Tablelndex 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() (Table50) from within DECODE_BLOCK()
(Table 72), referring to HP values with iContext (local to the pseudocode table for DECODE_BLOCK( )) equal to 1.
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The Tablelndex chooses between the code tables for the syntax element ABS_LEVEL_INDEX. This syntax element's

code tables ar

e 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 Tablelndex chooses between the code
tables for the syntax element NUM_CBPHP, which are specified in subclause 8.7.17.4.1.

DecNumBIKCBPHP: This data structure instance accumulates statistics for the NUM_BLKCBPHP syntax element,

during parsin

g of the syntax structure MB_CBPHP( ) (subclause 8.7.17.2). The Tablelndex chooses between the

code tables for NUM_BLKCBPHP, which are specified in subclause 8.7.17.4.2.

NOTE
INTERNAL_CLK

The pumber—ef—code—tables—for—theNUMBLKEBRHPR symhtax—element—is—either—5—er—9,—depending—on the
_FMT of the image.
5.5.6 Adaptive coefficient normalization data structure instances
f syntax elements associated with transform coefficients involves maintaining state variables which

The parsing o
are used for 4
state variable
data structurg
Model data st

— MState[i]
luma con

— MBitsJi]:
luma con

The following
ModelDC: Th
ModelLP: Thi

ModelHP: Th

5.5.7 Adaptive CBPHP prediction data structure instance

The CBPHP pf
colour comp
association of]

CBPHPModel
template hold|

ion of
. The

daptive coefficient normalization. Each frequency band (DC, LP, HP) maintains\its own collect
5 to track these statistics. To denote the association of these variables, a data-structure is use
template Model is defined as follows:

ructure template member variables:

: This variable maintains the associated state, where MState[0] represents the information fpr the

hponent, and MState[1] represents the information for the’chroma components.

This variable represents the number of bits, where/ MBits[0] represents the information fpr the

hponent, and MBits[1] represents the information for the chroma components.
instances of the Model data structure are usedfor the DC, LP, and HP bands:

s data structure instance maintains the@tatistics for the DC band.

s data structure instance maintains-the statistics for the LP band.

s data structure instance maintains the statistics for the HP band.

Each
e the

rediction mechanism is adapted based on the statistics of CBPHP of previous macroblocks
nent maintains ‘its own collection of state variables to track these statistics. To denof
these variables, the data structure template CBPHPModel is defined as follows:

has‘three member variables indexed by i, where i is equal to either 0 or 1. This data strficture
s.two independent sets of statistics: one for the luma component, corresponding to i = 0, and one for

the chroma co

DO O CSPOITa O D ap OTIOW

— CBPHPState[i]: This variable maintains the state.

— CountOn

es[i]: This variable represents the count of blocks, computed as specified in subclause 8.10.2, with

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

— CountZeroes[i]: This variable represents the count of blocks, computed as specified in subclause 8.10.2, with
the 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 fpllowing global variables maintain lists of the appropriate values of deltaDisc when a-syntax element is
parsefl using a VLC having a code table that can be adaptively selected:

AbslevellndexDelta[i][j]: This variable holds the value associated with the incremental discriminant value for
the i-th syntax element and the j-th code table associated with syntax element- ABS_LEVEL_INDEX (subclause
8.7.14.5).

FirstrlrdexDelta[i] [i]: This variable holds the value associated with the in¢rémental discriminant vialue for the i-
th synitax element and the j-th code table associated with syntax elementFIRST_INDEX (subclause 8.7.18.9.7).

Index1Delta[i][j]: This variable holds the value associated with the‘incremental discriminant valtyie for the i-th
syntax element and the j-th code table associated with syntax element INDEX_A (subclause 8.7.18.9.4).

Num(BPHPDelta[i][j]: This variable holds the value assoc¢iatéd with the incremental discriminant yalue for the i-
th syultax element and the j-th code table associated with'syntax element NUM_CBPHP (subclause 8.7.17.4.1).

NumBIKCBPHPDelta[i][j]: This variable holds the.¥alue associated with the incremental discrimipant value for
the i-th syntax element and the j-th code tablevassociated with syntax element NUM_BLKCBPHP (subclause
8.7.17.4.2).

5.7 Adaptive inverse scanningtables

The fqllowing global variables maintain lists of the various coefficient scanning orders and related sthtistics:

LowprssScaHOrder[i]: This, variable holds the value associated with the location where the|i-th lowpass
transfiorm coefficient is ptitjinto a block in the raster scan order.

HighpassHorScanOrder[i]: This variable holds the value associated with the location where the|i-th highpass
transform coefficient 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
transllorm coefficient is put into a block in the raster scan order with vertical scanning.

ScanOrder0[i]: This variable holds the value associated with the first of two possible initialization values for the
lowpass and highpass coefficient scans.

ScanOrder1[i]: This variable holds the value associated with the second of two possible initialization values for
the lowpass 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.
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HighpassVerTotals[i]: This variable holds the value associated with the statistics used to determine how the

highpass verti

cal 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.

6 Genera
structu

6.1 General

1 provisions, provisions specified in annexes, and image and codestream
res

The main bod
and specifies

shall be matched by the results produced by conforming decoders as specified. Annex A specifies a‘tag-bas

storage formd
required whe
requirements
representatio
described in 4
format speci

fl
file storage f(iFmat based on ISO/IEC 23008-12 which may be used for storage and*interchange of coded i

and also defi
and image sed

The subclause
is used to high

6.2 Image planes and component arrays

An image is d
plane. An imd
plane may ha

y of this document specifies the syntax and semantics which shall be used for JPEG XR coded:i
he associated decoding process that produces an output image from a coded image in a manhng

t that may be used for storage and interchange of such coded images and to which ¢onform

that shall be followed for classes of encoders and decoders. Aspects. of colour in
hs and colour management are discussed in Annex C. The typical expected encoding prod
innex D. Annex E contains a media type specification for images encoded-according to the tag-
d in Annex A which shall be followed when indicated as specified. Afingx F specifies an alter

es associated media type specifications for the storage and interchange of JPEG XR coded i
uences, which shall be followed when indicated as specified.

s of Clause 6 specify the image and codestream structures, for JPEG XR images. Italic font form
light occurrences of terms defined in Clause 3.

omposed of one or two image planes: a primary image plane, and, when present, an alpha
ge plane is an ordered set of components."A component is an array of samples. The primary
ve multiple components; NumCompaonents (subclause 8.4.11) specifies the number of compd

n
h this storage format is used. Annex B specifies profiles and levels, which determine conforjn

mages
r that
bd file
ceis
ance
agery
ess is
based
hative
hages,
mages

atting

image

image
nents,

with 1 <= NujnComponents <= 4111. For this_primary image plane, each component is an ExtendedHeight[i] x

ExtendedWid
width and hei

For both the |
defined to be
than 1, the co
components o

The alpha im(
are the same 4

h[i] array of samples, where.ExtéendedWidth[i] and ExtendedHeight[i] specify (respectivel
bht of the array for the i-th component, for the index i, 0 <= i < NumComponents.

brimary image plane and the alpha image plane, the component corresponding to the index i
the luma component of the respective image plane; in the case where NumComponents is g
nponents of the primary image plane corresponding to non-zero indices are defined to be the ¢
[ this image plane.

ge plane(is)an image plane that contains exactly one component. The dimensions of this comp
s those-of the luma component of the primary image plane.

y) the

=0is
reater
hroma

onent

NOTE  The p

Lirpose of an alpha image plane is to indicate a level of blend of the primary image plane with relation|

to the

background on which the image is being rendered. A common interpretation of the alpha image plane is as a multiplicative
processing (normalized to between 0 and 1) applied to the sample values of the primary image plane. The normalized value of
the alpha image plane determines the proportion of the blending. The value 0 indicates full transparency and the maximum
representable value indicates full opacity.

ExtendedHeight[0] is referred to as the extended image height. It specifies the number of rows in the luma array
that are processed within 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 luma array
that are processed within the decoding process. Its value is set equal to WIDTH_MINUS1 + 1 + LEFT_MARGIN +
RIGHT_MARGIN.
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The chroma component array sizes are specified such that ExtendedHeight[i] is equal to ExtendedHeight[1] and
ExtendedWidth[i] is equal to ExtendedWidth[1l] for all i > 1. The values of ExtendedHeight[1] and
ExtendedWidth[1] are specified in Table 17.

Table 17 — Pseudocode to calculate chroma component array sizes

CalculateChromaComponentArraySizes( ) { Reference

if INTERNAL_CLR_FMT ==YUV420) {
ExtendedHeight[1] = ExtendedHeight[0] / 2
ExtendedWidth[1] = ExtendedWidth[0] / 2

} else if (INTERNAL_CLR_FMT = =YUV422) {
F‘Yfpndndl—lnighf[ﬂ = F'Yfpndpdl—lpighf[ﬂ]
ExtendedWidth[1] = ExtendedWidth[0] / 2

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

}
6.3 Image windowing

Imagq windowing is specified by four syntax elements: TOP_MARGIN, BOFTOM_MARGIN, RIGHT [MARGIN, and
LEFT|MARGIN. These syntax elements determine the columns and_rows of the extended imagq that are not
present in the output image. With respect to a raster scan ordering itt-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 ngt output, nor are the last RIGHT_MARGIN columns of the/luma component. Similarly, the spatigally co-located
portidns of the 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 Iyma component is partitioned horizontallyand vertically into an integer number of 16x16 blodks of samples.
Label| these blocks arrayLumaMBJj][K],.@here 0 <= j < (ExtendedWidth[0]/16) and |0 <= k <
(ExtemdedHeight[0] / 16) are the block indices defined by this partitioning. MBHeight is defined to be equal to
ExtenfledHeight[0] / 16, and MBWidth is:defined to be equal to ExtendedWidth[0] / 16.

In a similar fashion, the chroma cemponents are partitioned into blocks arrayChromaMB][i][j][k] of size 8x8 for
4:2:0 pampling, of size 16x8 for 472:2 sampling, or of size 16x16 in the default case.

This gartitioning of the components into blocks is called a macroblock partition.
For efach specific pair of indices (j, k), the macroblock arrayMBJ[j][Kk] is defined to be the collecfion of blocks

arrayComplonentMB[i][j][k], for 0 <= i < NumComponents. Across all components (all palues of i),
arrayComponent|i][j][k] and arrayChromaMB([i][j][k] are spatially co-located.

Let 0 £-LeftMBIndexOfTile[0] < LeftMBIndexOfTile[1] < ... < LeftMBIndexOfTile[NumTileCols] = MBWidth, and 0 =
TopMBimdexOftitef6—<"TopMBimdexOftiteft << TopMBimdexOffitefNumtiteRowst—MBHeight be two
increasing sequences of integers, where the sequences are of length NumTileCols + 1 and NumTileRows + 1,
respectively. LeftMBIndexOfTile[ ] is calculated by calling DetermineLeftBoundaryofTile( ) (subclause 8.3.25) and
TopMBIndexOfTile[ ] is calculated by calling DetermineTopBoundaryofTile( ) (subclause 8.3.26). Associated with
any such pair of sequences, a tile partition may be defined: partition the macroblocks of each into tiles
arrayTile[m][n], for 0 <= m < NumTileCols, and 0 <= n < NumTileRows, where arrayTile[m][n] is defined to be the
set of all macroblocks MB[j][k] LeftMBIndexOfTile[m] <= j < LeftMBIndexOfTile[m+1] and TopMBIndexOfTile[n]
<=k < TopMBIndexOfTile[n+1].

The i-th tile column corresponds to the set of all tiles of the form arrayTile[i][n], for 0 <= n < NumTileRows;
similarly, the j-th tile row corresponds to the set of all tiles arrayTile[m][j], for 0 <= m < NumTileCols. The i-th tile
width is defined to be LeftMBIndexOfTile[i+1] — LeftMBIndexOfTile[i]; likewise, the i-th tile height is defined to be
TopMBIndexOfTile[i+1] — TopMBIndexOfTile[i]. Both the tile width and the tile height correspond to an integer
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number of macroblocks. The codestream specifies a tile partition for the image, which impacts the order of the
parsing of sample values associated with the image, as specified in the codestream parsing and decoding processes.
The tile partition shall satisfy 1 <= NumTileCols <= 4096, and 1 <= NumTileRows <= 4096.

NOTE Figure 1 provides an informative overview of the image plane partitions and implicit windowing where (a) the
extended image plane dimension is indicated by the bold rectangle, (b) the output image plane edges on the left and bottom are
indicated by dashed lines), (c) the 2x4 regular tiling pattern is shown (d) the macroblock in the tile (1,2) is shown and (e) the
blocks within the macroblock are shown in the expanded subfigure. Colour components are not explicitly shown.

\\

Internal image

i

Output image

Macroblock

—

Figure 1 — Informative overview of image partitions and internal windowing

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 coloyr component of the macroblock,ene of the following three conditions holds:

— If the component is a luma component or a chroma component with no down sampling, the following i$ true.
The compqnent contains 256 trdnsform coefficients for each macroblock. These 256 transform coefficierlts are
partitioned into three subsetS:\One set is of size 1, and this coefficient constitutes the DC coefficient ¢f this
componen{. Another set is 0f size 15; this set constitutes the low-pass coefficients. The third set is of sizg 240,
and constitutes the high-pass coefficients.

— If the component«is_a chroma component with a sampling rate of % for both the horizontal and vertical
directions the following holds true. The component contains 64 transform coefficients for each macrdblock.
These 64 trdnsform coefficients are partitioned into three subsets. One set is of size 1, and this coefficient
constitutes—the DL coefficient of this cg ent other set is of si i i
coefficients. The third set is of size 60, and constitutes the high-pass coefficients.

— If the component is a chroma component with a sampling rate of % for the horizontal direction and a sampling
rate of 1 for the vertical direction, the following holds true. The component contains 128 transform coefficients
for each macroblock. These 128 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 7; this set constitutes
the low-pass coefficients. The third set is of size 120, and constitutes the high-pass coefficients.

NOTE 1 The partitioning of transform coefficients into three sets, and the use of the terms DC, low-pass, and high-pass is
based on the hierarchical nature of the transform.
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Transform coefficients are dynamically partitioned into a VLC-coded part and a fixed-length coded part. The fixed-
length coded part of the DC and low-pass coefficient is called FLC refinement.

The fixed-length coded part of the high-pass coefficient is called flexbits. Flexbits can be carried in a separate tile
packet as specified in subclause 6.6.

NOTE 2 This partition of transform coefficients is designed to control the number of bits used to represent the VLC-coded part.
6.6 Codestream structure

A codestream is laid out in one of two orderings called the spatial mode and the frequency mode. In both modes, the

d vagua dclasd o oo S o dase ol ad by o £ila ool of,
codestreaisrataotutasacaat Tonowet Dy a SCqutCCOoOT T C pacRess:

NOTE| Figure 2 provides an informative overview of the codestream structure for the spatial mode and\the frequency mode.
The faft that tiles can be out of order, and the fact that there can be codestream segments of unspecified contgnt between the
tiles isjnot shown in Figure 2.

IMG_HDR | INDEXTBL TILE1 TILE2 wos o0 o0 00 o0

Spatial mode

DC LOWPASS HIGHPASS FLEXBITS

Frequéency mode

NOTE Image header is followed bya Sequence of tiles which are in spatial or frequency mode.

Figure 2 — Informative overview of codestream structure

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 tile packets, where each tile packet carries
transfprm cogfficients of one frequency band of that tile. The DC tile 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
macrabloek. The HP tile packet carries information of the VLC-coded part of the HP coefficients of eagh macroblock.
Finally, the flexbits tile packet carries information regarding the low order bits of the HP coefficients.

6.7 Precision and word length

The SCALED_FLAG syntax element specifies whether scaling is performed in the output formatting stage. If
SCALED_FLAG is equal to TRUE, the final output is divided by 8 in the output formatting stage and thus the
effective precision of the decoding processes such as the inverse transform is higher. If SCALED_FLAG is equal to
FALSE, there is no such division operation on the final output and the effective prevision of the decoding processes
of the inverse transform is lower.

NOTE Encoding with SCALED_FLAG equal to TRUE typically improves rate-distortion performance for lossy coding.
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7 Overview of decoder

7.1 General

A block diagram of the decoder, comprising of the parsing process and decoding process, is shown in Figure 3.

Parsing Process

Image layer MB layer and coefficient Ad\fféatggTeOf
and Tile layer parsing and Inverse .
—_— - — —P>
Parsing Coefficient scanning sel?\;::lgzlcand
Ve N

Decoding Process

Coefficient Coefficient

Remapping |——p» Prediction | | Dequantization

Sample Reconstruction

nd Td X
1% leve| Inverse l 1% level } 2% level | A vel - Output
> Inverse Overlap -

sform Overlap filtering Transform filtering Formatting

A
—
3
]
=]

Figure 3 — Informative decoding process block diagram

The parsing pfrocess consists of the following stages:
1. image layer and tile layer codestream parsing;

2. macroblgck layer codestream parsing which includes parsing the transform coefficients and inverse
scanningj

3. adaptatign of VLC table selectipn and context models.
The decoding|process consists of the following stages:
4. coefficient remapping;

5. coefficierjt prediction;

6. dequantization;

7. sample reconstruction, which consists of the following stages:
a. first-level inverse transform;
b. whenindicated, a first-level overlap filter;
c. second-level inverse transform;

d. when indicated, a second-level overlap filter;
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8. output formatting.
Clause 8 specifies the stages in the parsing processes. An overview of these steps is provided in subclause 7.2.

Clause 9 specifies the stages in the decoding processes. An overview of these processes is provided in subclause
7.3.

7.2 Overview of parsing process

7.2.1 Overview of image layer codestream parsing

The ithage Tevel codestream structure is specified in subclause 8.2. Tt consists of the image header,|the header of
the piimary image plane, and, when present, the header of the alpha image plane. The syntax of thé[image header
is spefified by subclause 8.3.

The inage plane header defines information that is unique to that plane, and its syntaxyis ‘specified by subclause
8.4.

The tile index table is used to locate the data that corresponds to a particular tile//The syntax of tile/index table is
specified by subclause 8.5.

7.2.2] Overview of tile layer codestream parsing

The syntax of the tile layer is specified by subclause 8.7. A tile-packet consists of a tile-packet headdr, followed by
comptessed data associated with macroblocks of the tile.

In spdtial mode, all the compressed data pertinent to a macroblock is located together in a single tjle-packet and
the pqrsing of syntax elements for a spatial-mode tile is'specified in subclause 8.7.2.

In frequency mode, each tile packet contains the ‘data associated with a particular transform band; ip this mode, a
tile-pdcket is classified as a DC tile-packet, a LRtile-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 tjle-packet are
specified in subclauses 8.7.3, 8.7.5, 8.7.7-and 8.7.9, respectively.

If the [quantization parameters @ssociated 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 cpefficients are
inverge transformed to reconstruct the macroblock.

Subclause'\877.11 defines the syntax structure MB_DC( ), which parses the syntax elements relafed to the DC
coeffigient; for each component.

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.
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7.3 Overview of the decoding process

7.3.1 Overview of coefficient mapping

The DC, LP and HP transform coefficients are remapped, and this remapping process is specified in subclause 9.5.

7.3.2 Overview of coefficient prediction

The transform coefficient may be predicted from the coefficients of the neighbouring blocks and macroblocks, and
this prediction process is specified in subclause 9.6.

7.3.3 Ovel

The dequanti
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For imagej

filter®peration, when indicated, is applied to 4x4 areas evenly straddling blocks in the DC-LP
with-soft tiles, this filter is applied to all such blocks. For images with hard tiles, this filter is a

r, and
Clause

nd LP
ess is

array.
bplied
as the
s. The
120 or
of the
noted

These
Ficient
D.9.5.

array.
bplied

only to thd

intérior 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. The
second-level overlap filtering process is specified in subclause 9.9.6.

The flowchart for the sample reconstruction process is shown in Figure 4.

32

© ISO/IEC 2020 - All rights re

served


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29199-2:2020(E)

Filter4x4
- Yes

~
4 ~
- S OverlapPost
<\lioundary;> P Filterd

~ ”
No I
PIadN Yes

<”Corner;s‘ OverlapPost
~ e Filter4
e Pig
-~

Yes

No

L ~
|CT4xd ,ao\/ERLAPs>
Se==22 e
No. L Sae”
S No Ao No o
No
AU “f20 Uo® VERLA
—»< 5O S ors \ 4 ICT4x4 ><ac_5yERLAP\ >
~ V27 . ~. V2 _e y sz=10r22.” A
SO e LIS No L SS a”
ves STERDP Y
P ~ es
Se” ’/'\s\ Yes
Yes <r Corner> . verlapPdst
~o Yrid Filter4
Pl Y S
-7 S8 [OverlapPost
<\(i°me'z/ Filter1 No
td
No 275, VYes
I (’B’oundary;\,‘—-l :V?:r.lfp; { ]—-
Pl \\\ Yes 5 ; \\\ r” L
CBoundany?
<sEi°\“”dar{'/ Filter2 No
td

No

erlapPgst
Filter4x4

OverlapPost
Filter2x2

First level Second level

Figure 4 — Informative overview of sample reconstruction process

7.3.5| Overview of output formatting

Subclause 9.10 defines the outputting process which accounts for the various transformations requjred to handle
the different colour formats and bitdéepths.

8 Yyntax, semantics,'and parsing process

8.1 (General

This ¢lause specifies the codestream layout, and the processes related to parsing syntax eleménts from the
codesfream. The’ parsing of syntax elements requires information about the order of syntax elegents as they
occurfin the codestream, along with the manner of correctly interpreting these syntax elements. At a|given point in
e state of the
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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IMAGE()

8.2.1 Syntax structure

The CODED_IMAGE( ) syntax structure is specified by Table 18.

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
IMAGE_HEADER() 8.3
IsCurrPlaneAlphaFlag = FALSE
IMAGE_PLANE_HEADER() 8.4
if (ALPHA_IMAGE_PLANE_FLAG) {

IsCurrPlaneAlphaFlag = TRUE

IMAGE_PLANE_HEADER() 84
}
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

SubsequentBy
this variable
SubsequentBy
be less than 4

The value of
syntax structy

The value of
document. Th

RESERVED_A]

re table of subclause’8.2.1.

BYTE syntax elements that follow.

tes specifies the number of bytes of.subsequent data that precede the CODED_TILES( ). The v4
is determined by a VLW_.ESC() syntax structure as specified in subclause 8.2.4.
tes is not equal to 0, it is a requirement of codestream conformance that SubsequentBytes sh

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

valueAdditionalBytes shall be equal to 0 in codestreams encoded according to this edition
e use of gther values of valueAdditionalBytes is reserved for future specification by ITU-T | IS
Decoders shall allow-this variable to have any value and shall use this value to determine the quant

lue of
'When
hll not

n the

f this
D /IEC.
ity of

NOTE

of a backward-compatible usage of different values of this variable.

8.2.3 RESERVED_A BYTE

The purpose of the specification for decoders to allow this variable to have any value is to enable the future definition

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

definition of a backward-compatible usage of this syntax element.

34

The purpose of the specification for decoders to ignore the value of RESERVED_A_BYTE is to enable the future
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VLW_ESC()

8.2.4.1 Syntax structure

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

ISO/IEC 29199-2:2020(E)

Table 19 — VLW_ESC( ) syntax structure

8.2.4

FIRST

8.2.4

SECOI

8.2.4

FOUR

8.2.4

EIGH]]

8.3

8.3.1

The IN

VLW _ESC() { Descriptor Reference

FIRST_BYTE u(8) 8.2.4.2

if (FIRST_BYTE < 0xFB) {
ODLUUNIND _DITL Uupoj O.4.77T.0
iValue = FIRST_BYTE * 256 + SECOND_BYTE

} else if (FIRST_BYTE = = 0xFB) {
FOUR_BYTES u(32) 8.2.4.4
iValue = FOUR_BYTES

} else if (FIRST_BYTE = = 0xFC) {
EIGHT_BYTES u(64) 8.2.4.5

iValue = EIGHT_BYTES

} else /* FIRST_BYTE is OxFD, or OxXFE, or OxFF */

iValue = 0 /* Escape Mode */

return iValue

}

2 FIRST_BYTE

3 SECOND_BYTE

4 FOUR_BYTES

5 EIGHT_BYTES

IMAGE_HEADER()

Syntax'structure

MAGE_HEADER( ) syntax structure is specified by Table 20.

| BYTE is an 8-bit syntax element that affects the computation of iValue as specified in subclaus

| BYTES is a 32-bit syntax element‘that affects the computation of iValue as specified in subclay|

e 8.2.4.1.

ND_BYTE is an 8-bit syntax element that affects the computation of iValue as specified in subclquse 8.2.4.1.

se 8.2.4.1.

' BYTES is a 64-bit syntax element that affects the computation of iValue as specified in subclayse 8.2.4.1.

© ISO/IEC 2019 - All rights reserved
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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(1) 8.3.4
RESERVED_C u(3) 8.3.5
TILING_FLAG u(1) 8.3.6
FREQUENCY_MODE_CODESTREAM _FLAG u(1) 8.3.7
SPATIAL_XFRM_SUBORDINATE u(3) 8.3.8
INDEX_TABLE_PRESENT_FLAG u(1) 8.3.9
OVERLAP_MODE u(2) 8.3.10
SHORT_HEADER_FLAG u(1) 8.3.11
LONG_WORD_FLAG u(1) 8.3.12
WINDOWING_FLAG u(1) 8.3.13
TRIM_FLEXBITS_FLAG u(1) 8.3.14
RESERVED_D u(1) 8.3.15
RED_BLUE_NOT_SWAPPED_FLAG u(1) 8.3.16
PREMULTIPLIED_ALPHA_FLAG u(1) 8:3:17
ALPHA_IMAGE_PLANE_FLAG u(1) 8.3.18
OUTPUT_CLR_FMT u(4) 8.3.19
OUTPUT_BITDEPTH u(4) 8.3.20
if (SHORT_HEADER _FLAG) {

WIDTH_MINUS1 u(16) 8.3.21
HEIGHT_MINUS1 u(16) 8.3.22
} else {
WIDTH_MINUS1 u(32) 8.3.21
HEIGHT_MINUS1 u(32) 8.3.22
}
if (TILING_FLAG) {
NUM_VER_TILES_MINUS1 u(12) 8.3.23
NUM_HOR_TILES_MINUS1 u(12) 8.3.24
}
for (n = 0; n < NUM_VER_TILES_MINUST; n++)
if (SHORT_HEADER_FLAG)
TILE_WIDTH_IN_MB|n} u(8) 8.3.25
else
TILE_WIDTH_IN.MB{n] u(16) 8.3.25
for (n = 0; n < NUM_HQOR_TILES_MINUS1; n++)
if (SHORT_HEADER_FLAG)
TILE_HEIGHT_IN_MB|n] u(8) 8.3.26
else
THZE-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
}
hi

8.3.2 GDI_SIGNATURE

GDI_SIGNATURE is a 64-bit syntax element that identifies the codestream. It shall have the value
0x574D50484F544F00.

NOTE  This signature corresponds to "WMPHOTO" using the UTF-8 character set encoding specified in ISO/IEC 10646:2017,
Annex D, followed by a byte equal to 0.
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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 edition of this
document. All other values are reserved.

NOTE  Alternative values for RESERVED_B could be specified in the future as an indication of a codestream that is not
compatible with prior decoder versions.

8.3.4 HARD_TILING_FLAG

HARD_TILING_FLAG is a 1-bit syntax element. If HARD_TILING_FLAG is equal to TRUE, overlap filtering is not
performed across tile boundaries (hard tiles). Otherwise (HARD_TILING_FLAG is equal to FALSE), overlap filtering
is performred across tite boundaries tsoft tites):

8.3.5| RESERVED_C

RESERVED_C is a 3-bit syntax element that shall be equal to 1 in all codestreams conforming to this jedition of this
document. All other values are reserved. Decoders conforming to this edition of this’document shall ignore the
value of RESERVED_C.

NOTE| The purpose of the specification for decoders to ignore the value of RESERVED_C is to enable the futurg definition of a
backwprd-compatible usage of different values of this syntax element.

8.3.6/ TILING_FLAG
TILING_FLAG is a 1-bit syntax element. If TILING_FLAG<{is equal to TRUE, both the syntax elements
NUM_VER_TILES_MINUS1 and NUM_HOR_TILES_MINUS1 are present in the codestream. Otherwisq, these syntax
elements are not present, and the number of tiles is equal to{1.
8.3.7] FREQUENCY_MODE_CODESTREAM_FLAG
FREQUENCY_MODE_CODESTREAM_FLAG is a 1+hit syntax element.

If FREQUENCY_MODE_CODESTREAM_FLAG"is equal to FALSE, the codestream is laid out in the spatial mode. If
FREQUENCY_MODE_CODESTREAM_FLAG"is equal to TRUE, the codestream is laid out in the frequen¢y mode.

8.3.8| SPATIAL_XFRM_SUBORDINATE
SPATIAL_XFRM_SUBORDINATE is a 3-bit syntax element that, in the absence of any over-riding|indication as
determined by the application or by a file format usage context, indicates a preferred spatial transformation that

should be applied tothe-decoded image, as specified by Table 21 as follows.

— THe "RCW'/table column, when equal to 1, indicates a 90 degree clockwise rotation request [of the output
image.

— THe“ElipH" table column, when equal to 1, indicates a horizontal flip request of the output image

— The "FlipV" table column, when equal to 1, indicates a vertical flip request of the output image.

— The "Example" table column visually illustrates the application of the requested transformation to an image of
the character "P".

— The "Fill" table column indicates the location of the [0][0] image sample coordinate position after application
of the requested transformation, as follows:

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

— "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 0 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 0 represents the left edge of the image and the column 0 represents the tep._efige of
the imdge.

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

NOTE The T[FF 6.0 specification includes an "Orientation" tag with a similar purpose. The TIFF Orientation tag valups that
correspond 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, respectively.

Table 21 — Interpretation of SPATIAL_XFRM_SUBORDINATE

SPATIAL_XFRM_SUBORDINATE RCW | FlipH | FlipV Example Fill
TL

BL
TR
BR
RT
RB
LT
LB

N O G o] W N = O
= R R RO O] O ©
Rl R ol R P O ©
R Ol R O RrIMO)] P ©

P9b dao..aoro

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
codestream. I[f FREQUENCY_MODE_CODESTREAM_FLAG is equal to TRUE, or NUM_VER_TILES_MINUS1 is greater
than 0, or NUM_HOR_TILES_MINUSL is greater than 0, it is a requirement of codestream conformancg that
INDEX_TABLE_PRESENT_FLAG_shall be equal to TRUE. If INDEX_TABLE_PRESENT_FLAG is equal to TRUE, the
index table i$ present in the. codestream. Otherwise, the index table is not present in the codestream. See
subclause 8.5,

8.3.10 OVERLAP_MODE

OVERLAP_M(DEds a 2-bit syntax element that specifies the overlap processing mode.

When OVERLAP_MODE is equal to 0, no overlap filtering is performed. Otherwise, if OVERLAP_MODE is equal to 1,
only the second level overlap filtering is performed. Otherwise, if OVERLAP_MODE is equal to 2, both first level
and second level 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
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_MINUS1 and HEIGHT_MINUS1 are 16-bit syntax elements, and TILE_WIDTH_IN_MB[n], when present, and
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HEIGHT_MINUS1

ISO/IEC 29199-

are 8-bit
elements,

when present,
32-bit syntax

syntax elements. Otherwise,

are and TILE_WIDTH_IN_MB[n], when

TILE_HEIGHT_IN_MB[n], when present, are 16-bit syntax elements.

8.3.12 LONG_WORD_FLAG

2:2020(E)

WIDTH_MINUS1 and
present,

and

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:

— All

values of the global array variable MbDCLP[ ][ ][ ][ ]

— Al

— Al

— Vallues of global array variable ImagePlane[ ][ ][ ] in the sample reconstruction precess specifie

values of the global array variable MBBuffer[ [[ ][ ][ ]

values of the global array variable PredDCLP[ ][ ][ ][ ]

l in subclause

9.9.
NQTE 1 Values of the global array variable ImagePlane[][][] in the-soutput formatting process specified in
sulpclause 9.10 are not included in the scope of the constraints imposed by LONGWORD_FLAG equal to FAL}JE.

— Al

indlex variables used to address the elements of arrays.

NQ
sc(

The v

— If
th
32
sig
std
(re

(0]
do
16
an|
ra
of
thi

values of local variables used in the sample reconstruction process specified in subclause

TE 2 Local variables used in the output formatting process specified in subclause 9.10 are not
pe of the constraints imposed by LONG_WORD_FLAG equal.to FALSE.

hriables associated with the decoding process spécitied in Clause 9 shall be constrained as follo

LONG_WORD_FLAG is equal to TRUE, it is a requirement for codestream conformance to this ¢
e range of values of all variables associated with the decoding process (Clause 9) shall not excg
-bit range from -23! range to 231-1, inclusive, although the range of values of these variables n
ned 16-bit range from -215 rangéto 2!5-1, inclusive. Thus all variables of the decoding p
red by decoders as 32 bit two's.complement integers while producing output conforming to {
gardless of the value of LONG:WORD_FLAG).

herwise (LONG_WORDLFLAG is equal to FALSE), it is a requirement for codestream confor
cument that the range of values of the specific affected variables listed above shall not exce
-bit range from €215 range to 215-1, inclusive, and that the range of values of all intermediat
d other variables-associated with the decoding process for the codestream shall not exceed the
nge from -23Lrange to 231-1, inclusive. In this case, it is sufficient for decoders to store the affe
the decoding process as 16 bit two's complement integers in order to produce output images
s dogunient.

D.9 except the

included in the

WS:

locument that
ted the signed
ay exceed the
rocess can be
his document

mance to this
ed the signed
e expressions
signed 32-bit
cted variables
ronforming to

NOTE

B "Décoder _implementations need not use two's complement arithmetic _using fixed-word-lengt]

h storage and

processing. However, in the case where such a representation is used, 32-bit variable storage and 32-bit arithmetic processing
elements are sufficient to decode an image, regardless of the value of LONG_WORD_FLAG. The LONG_WORD_FLAG element can
be used by the decoder to optimize its resource usage for the sample reconstruction process.

8.3.13 WINDOWING_FLAG

WINDOWING_FLAG is a 1-bit syntax element that specifies whether syntax elements specifying windowing
dimensions (TOP_MARGIN, LEFT_MARGIN, BOTTOM_MARGIN, and RIGHT_MARGIN as specified in
subclauses 8.3.27 through 8.3.30) are present in the codestream. If WINDOWING_FLAG is equal to TRUE, these
syntax elements are present in the codestream. If WINDOWING_FLAG is equal to FALSE, these syntax elements are
not present in the codestream.
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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 structure and TILE_FLEXBITS( ) syntax structure. If 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 shal

l ignore the value of this syntax element.

NOTE Thep
backward-com

8.3.16 RED|
RED_BLUE_N

— If OUTPUT
RED_BLUH

— Otherwise|
this editio
shall ignor

NOTE Thes
document. The
observed beh
OUTPUT_BITD}
provide better
operated in a nj

8.3.17 PREMULTIPLIED_ALPHA_FLAG

PREMULTIPL
to indicate th
form in relati

NOTE1 The d
multiplication
performed as a

When PREMU
the alpha imd
relation to thd

TPOSE of the specification for decoders to ignore the vatue of RESERVED_D 1S T0 enabie the future defimity
batible usage of different values of this syntax element.

[ BLUE_NOT_SWAPPED_FLAG
DT_SWAPPED_FLAG is a 1-bit syntax element. Its interpretation is specified as follows:

_CLR_FMT is equal to RGB and OUTPUT_BITDEPTH is equal to BD5, BD565; or BD10, the v4
| NOT_SWAPPED_FLAG affects the operation of the output formatting proecess.

the value of RED_BLUE_NOT_SWAPPED_FLAG shall be equal to-0.in all codestreams conform

e the value of RED_BLUE_NOT_SWAPPED_FLAG in this case.

pecification of semantics for RED_BLUE_NOT_SWAPPED_FLAG was not included in the original edition
specification of RED_BLUE_NOT_SWAPPED_FLAG was added later to address a problem with respect
hviour of existing implementations. In principle, ~“"when OUTPUT_CLR FMT is equal to RG
PTH is equal to BD5, BD565, or BD10, the value I\for RED_BLUE_NOT_SWAPPED_FLAG should ord
compression capability than the value 0. However, early product implementations of this documen
anner corresponding to the value 0.

ED_ALPHA_FLAG is a 1-bit syntax element that can be used, when an alpha image plane is pr
ht the coded image channels.other than the alpha channel are considered to be in pre-mulf
n to the alpha channel.

esignation of an alpha‘channel as pre-multiplied indicates that the decoded sample values do not j
y the alpha channel values when performing compositing (as any necessary such multiplication proce
pre-processing step-prior to encoding).

LTIPLIED-ALPHA_FLAG is equal to TRUE in the IMAGE_HEADER( ) of the coded image that co
ge plane;the channels other than the alpha channel are indicated to be in pre-multiplied fd
alpha channel.

on of a

lue of

ing to

h of this document. The value 1 is reserved. Decoders conforming to this edition of this dociment

of this
to the
B and
inarily
t have

esent,
iplied

equire
5s was

htains
rm in

When no alph

aimage plane is present, PREMULTIPLIED_ALPHA_FLAG shall be equal to FALSE, and decoders shall
ignore the value of this syntax element.

When an alpha image plane is present as a separate alpha image plane, PREMULTIPLIED_ALPHA_FLAG shall be
equal to FALSE in the IMAGE_HEADER( ) of the coded image that does not contain the alpha image plane, and
decoders shall ignore the value of this syntax element in the IMAGE_HEADER( ) of the coded image that does not
contain the alpha image plane.

When an alpha image plane is present and PREMULTIPLIED_ALPHA FLAG is equal to FALSE in the
IMAGE_HEADER( ) of the coded image that contains the alpha image plane, other indicators provided by other
means not specified in the main body of this document should be used to determine whether the channels other
than the alpha channel (when present) are considered to be in pre-multiplied form in relation to the alpha
channel. When an alpha image plane is present and PREMULTIPLIED_ALPHA_FLAG is equal to FALSE in the
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IMAGE_HEADER( ) of the coded image that contains the alpha image plane and such other indicators are not
available, it is suggested that the default interpretation should be that the channels other than the alpha channel
are considered not to be in pre-multiplied form in relation to the alpha channel.

NOTE 2 The specification of semantics for PREMULTIPLIED_ALPHA_FLAG was not included in the original edition of this
document. The specification of PREMULTIPLIED_ALPHA_FLAG was added later to correct for the ambiguity of interpretation
resulting from absence of such an indicator (when no indication is provided by other means outside the coded image syntax).
In the original edition of this document, the bit corresponding to PREMULTIPLIED_ALPHA_FLAG was required to be equal to 0
and decoders were required to ignore the value of this bit.

NOTE 3 When the file format specified in Annex A is used, the PIXEL_FORMAT value indicates 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 T PREMULTIPLIED_ALPHA_FLAG 1s required to be consistent with the PIXEL_FORMAT value. When thg¢ codestream is
conveyed by some means other than the file format specified in Annex A, some indicator may be available-to.irjdicate whether
the channels other than the alpha channel (when present) are considered to be in pre-multiplied form_ini‘relatjon to the alpha
channgl, 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 Jalpha image plang is present in
the cpdestream. If ALPHA_IMAGE_PLANE_FLAG is equal to TRUE, an, @lpha image plane {s present. If
ALPHA_IMAGE_PLANE_FLAG is equal to FALSE, no alpha image plane is presént in the codestream.

NOTE| If ALPHA_IMAGE_PLANE _FLAG is equal to FALSE, an alpha image plane can be carried as a separate[image within a
systen or file.

8.3.19 OUTPUT_CLR_FMT

OUTPUT_CLR_FMT is a 4-bit syntax element that specifies the colour 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
4 CMYK
5 CMYKDIRECT
6 NCOMPONENT
7 RGB
8 RGBE

9-15 RESERVED

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

For the cases where OUTPUT_CLR_FMT is equal to YUV420, YUV422, or YUV444, there are three output colour
components: the component corresponding to index 0 is the Y component, while the U and V correspond to colour
components 1 and 2, respectively. For CMYK and CMYKDIRECT, components 0, 1, 2, and 3 correspond respectively
to the C, M, Y, and K components, respectively. For RGB, components 0, 1 and 2 correspond respectively to R, G,
and B, and for RGBE, components 0, 1, 2, and 3 correspond respectively to the R, G, B, and E components.

8.3.20 OUTPUT_BITDEPTH
OUTPUT_BITDEPTH is a 4-bit syntax element that specifies the bit depth and corresponding representation of the
output image, as specified in Table 23. BDIWHITE1, BD1BLACK1, BD8, BD16, BD5 and BD10 are unsigned integer

formats, corresponding to 1, 1, 8, 16, 5 and 10 bits per component, respectively, having a representation specified
in subclause 9.10.8. In BDIWHITE1, a value of 0 indicates the minimum level or black for the specific channel and
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the value 1 indicates the maximum value for that channel. In BD1BLACK1, a value of 1 indicates the minimum
level or black for the specific channel and the value 0 indicates the maximum value for that channel. BD16S and
BD32S are signed (two's complement) integer formats corresponding to 16 and 32 bits per component,
respectively. BD16F is 16-bit Half float (1-bit sign, 5-bit exponent and 10-bit mantissa where the most significant
bit is the sign bit) having a representation as specified in subclause 9.10.7.3. BD32F is 32-bit float (1-bit sign, 8-bit
exponent, and 23 bit mantissa where the most significant bit is the sign bit) having a representation as specified in
subclause 9.10.7.3. BD565 corresponds to unsigned integer formats where the R, G and B components have 5, 6
and 5 bits, respectively, having a representation as specified in subclause 9.10.8.

The values of OUTPUT_BITDEPTH and OUTPUT_CLR_FMT shall be constrained as specified in subclause 9.10.

NOTE  Subclause- 9387 previdesmore-detalls-ontherepresentation-of-theseformats:

Table 23 — OUTPUT_BITDEPTH

OUTPUT_BITDEPTH Mnemonic
0 BD1WHITE1
1 BD8
2 BD16
3 BD16S
4 BD16F
5 RESERVED
6 BD32S
7 BD32F
8 BD5
9 BD10
10 BD565

11-14 RESERVED
15 BD1BLACK1

8.3.21 WID['H_MINUS1

WIDTH_MINUS1 plus 1 is the output image width. If SHORT_HEADER_FLAG is equal to TRUE, WIDTH_MINU¥$1 is a
16-bit syntax plement. Otherwise, WIDTH_MINUS1-is"a 32-bit syntax element. When OUTPUT_CLR_FMT is edqual to
YUV420 or YUV422, it is a requirement of<'codestream conformance to this document that the value of
WIDTH_MINUS1 + 1 shall be an integer multiple of 2.

It is a requifement of codestream conformance to this document that the value of WIDTH_MINUS1 1 +
LEFT_MARGIN + RIGHT_MARGIN_shall be an integer multiple of 16. When INTERNAL_CLR_FMT is eqpal to
YUV420 or YUV422 and OVERLAR*MODE is equal to 2, it is a requirement of codestream conformance fjo this
document thaft the value of WIDTH_MINUS1 + 1 + LEFT_MARGIN + RIGHT_MARGIN shall be greater than or|equal
to 32.

NOTE Images with INTERNAL_CLR_FMT equal to YUV420 or YUV422 and OVERLAP_MODE equal to 2 must have a wjidth of
at least 2 macrgblocks'due to the adjacent coefficient residual process described in subclause 9.9.3.1.

8.3.22 HEIGHT_MINUS1

HEIGHT_MINUS1 plus 1 is the output image height. [f SHORT_HEADER_FLAG is equal to TRUE, HEIGHT_MINUS1 is
a 16-bit syntax element. Otherwise, HEIGHT_MINUS1 is a 32-bit syntax element. When OUTPUT_CLR_FMT is equal
to YUV420, it is a requirement of codestream conformance to this document that the value of HEIGHT_MINUS1 + 1
shall be an integer multiple of 2.

It is a requirement of codestream conformance to this document that the value of HEIGHT_MINUS1 + 1 +
TOP_MARGIN + BOTTOM_MARGIN shall be an integer multiple of 16.
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8.3.23 NUM_VER_TILES_MINUS1

NUM_VER_TILES_MINUS1 is a 12-bit syntax element that is present when TILING_FLAG is equal to TRUE, and
specifies the number of tiles in a row minus 1. When NUM_VER_TILES_MINUS1 is not present, its value shall be
inferred to be equal to 0.

NOTE  "Vertical" indicates that the partitioning of the image corresponding to these tiles runs in the vertical direction.
8.3.24 NUM_HOR_TILES_MINUS1
NUM_HOR_TILES_MINUS1 is a 12-bit syntax element that is present when TILING_FLAG is equal to TRUE, and

specififestireTrumberof tites Tmacotumm mimos - When NOM-HOR-TIEES_MINUS T s ot present;jits value shall
be infprred to be equal to 0.

NOTE| "Horizontal" indicates that the partitioning of the image corresponding to these tiles runs in.the‘horizdntal direction.
8.3.25 TILE_WIDTH_IN_MB]n]

TILE_WIDTH_IN_MB[n] is a syntax element that specifies the width (in macroblock units) of the n-th tile column,
wherg the 0-th tile column is the left-most tile column in the image, and subsequent tile columns are numbered
consefutively, left to right. If SHORT_HEADER_FLAG is equal to TRUE, TILEAWIDTH_IN_MB[n] is ah 8-bit syntax
element. Otherwise, it is a 16-bit syntax element.

The width of the right-most tile in macroblock units is derived by subtracting the cumulative width df the previous
tiles from the width of the coded area in macroblock units ExtendedWidth[0] divided by 16.

The [position of the left boundary of the tile,;< LeftMBIndexOfTile[], is calculated] by calling
DetermineLeftBoundaryofTile( ) in the pseudocode in Table 24.

Table 24 — Pseudocode to determine the position of the left boundaries of the tild

7]

DetermineLeftBoundaryofTile( ) { Refer¢nce
LeftMBIndexOfTile[0] = 0
for (n = 0; n < NUM_VER_TILES, MINUS1; n++)
LeftMBIndexOfTile[n+1}'=-LeftMBIndexOfTile[n] + TILE_WIDTH_IN_MB|n]
LeftMBIndexOfTile[NUM\VER _TILES_MINUS1 + 1] = MBWidth

}

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_MB[n] 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_ELAG is equal to TRUE, MBWidth - LeftMBIndexOfTile[]NUM_VER_TILES_MINUS1] shall be greater
than dr equalto 2.

8 3 2 THE HEICHT IJIAN-MPILL]
e j 3§ ) V) LIU

TILE_HEIGHT_IN_MB[n] is a syntax element that specifies the height (in macroblock units) of the n-th tile row,
where the 0-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_MBI[n] is an 8-bit syntax element.
Otherwise, it is a 16-bit syntax element.

The height of the bottom tile in macroblock units is derived by subtracting the transmitted heights (plus 1) from
the height of the coded area in macroblock units ExtendedHeight[0] divided by 16.

The position of the top boundary of the tile, TopMBIndexOfTile[], is calculated by calling
DetermineTopBoundaryofTile( ) as specified in the pseudocode in Table 25.
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Table 25 — Pseudocode to determine the position of the top boundaries of the tiles

DetermineTopBoundaryofTile() {

Reference

TopMBIndexOfTile[0] = 0

for (n = 0; n < NUM_HOR_TILES_MINUS1; n++)

TopMBIndexOfTile[n+1] = TopMBIndexOfTile[n] + TILE_HEIGHT_IN_MB|n]

TopMBIndexOfTile[NUM_HOR_TILES_MINUS1 + 1] = MBHeight

}

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

8.3.27 TOP)|

TOP_MARGIN
the vertical of
TOP_MARGIN
YUV420, it is

an integer muy|

8.3.28 LEF1]

LEFT_MARGI]
the horizonta
LEFT_MARGI]
YUV420 or Y
LEFT_MARGI]

8.3.29 BOT
BOTTOM_MA

specifies the Y
When BOTTO

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

DetermineNumMBInTile( ) {
n=0
for (i=0;i < NUM_HOR_TILES_MINUS1 + 1; i++)
for (j = 0; j < NUM_VER_TILES_MINUS1 + 1; j++) {
NumMBInTile[n] =
TILE_HEIGHT_IN_MB]i] * TILE_WIDTH_IN_MB]j]

n++

Reference

| MARGIN

is a 6-bit syntax element that is present when WINDOWING_FLAG is equal to TRUE, and sp
fset of the top boundary of the output image relative to the top edge of the extended image.
is not present, its value shall be inferred to_be equal to 0. When OUTPUT_CLR_FMT is eq
h requirement of codestream conformance tothis document that the value of TOP_MARGIN s}
[tiple of 2.

_MARGIN

N is a 6-bit syntax element that'is present when WINDOWING_FLAG is equal to TRUE, and sp

offset of the left boundary-ofithe output image relative to the left edge of the extended image.
N is not present, its value ‘shall be inferred to be equal to 0. When OUTPUT_CLR_FMT is eq
UV422, it is a requirement of codestream conformance to this document that the va
N shall be an integetr multiple of 2.

TOM_MARGIN

RGIN isha-6-bit syntax element that is present when WINDOWING_FLAG is equal to TRUE

bcifies
'When
ual to
all be

beifies
'When
ual to
ue of

£, and

rertical, offset of the bottom of the output image relative to the bottom edge of the extended image.

MMARGIN is not present, its value shall be inferred as follows:

— IfHEIGHT_MINUS1 + 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_MINUS1 + 1) % 16).

When OUTPUT_CLR_FMT is equal to YUV420, it is a requirement of codestream conformance to this document

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 TRUE, and specifies
the horizontal offset of the right boundary of the output image relative to the right edge of the extended image.

When RIGHT_

44

MARGIN is not present, its value shall be inferred as follows:
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— IfWIDTH_MINUS1 + 1 is an integer multiple of 16, RIGHT_MARGIN shall be inferred to be equal to 0.

— Otherwise, RIGHT_MARGIN shall be inferred to be equal to 16 — ((WIDTH_MINUS1 + 1) % 16).

When OUTPUT_CLR_FMT is equal to YUV420 or YUV422, it is a requirement of codestream conformance to this

document that the value of RIGHT_MARGIN shall be an integer multiple of 2.

8.4 IMAGE_PLANE_HEADER()

8.4.1 Syntax structure

The INAGE_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(1) 8.4.3
BANDS_PRESENT u(4) 8.4.4
iff INTERNAL_CLR_FMT = =YUV444 | | INTERNAL_CLR_FMT = =YUV420 | |

INTERNAL_CLR_FMT = =YUV422) {
if INTERNAL_CLR_FMT = =YUV420 | | INTERNAL_CLR_FMT = = YUV422),{
RESERVED_E_BIT u(1) 8.4.5
CHROMA_CENTERING_X u(3) 8.4.6
} else /* INTERNAL_CLR_FMT = = YUV444 */
RESERVED_F u(4) 8.4.7
if INTERNAL_CLR_FMT = =YUV420) {
RESERVED_G_BIT u(1) 8.4.8
CHROMA_CENTERING_Y u(3) 8.4.9
} else
RESERVED_H u(4) 8.4.10
}else if (INTERNAL_CLR_FMT = = NCOMPONENT) {
NUM_COMPONENTS_MINUS1 u(4) 8.4.11
if (NUM_COMPONENTS_MINUS1 = =.0xF)
NUM_COMPONENTS_EXTENDED-MINUS16 u(12) 8.4.12
else
RESERVED_H u(4) 8.4.10
}
iff (OUTPUT_BITDEPTH ==BD16 | | OUTPUT_BITDEPTH = =BD16S | |
OUTPUT_BITDEPTH £'= BD32S)
SHIFT_BITS u(8) 8.4.13
iff (OUTPUT_BITERTH = = BD32F) {
LEN_MANTISSA u(8) 8.4.14
EXP_BIAS i(8) 8.4.15
}
DC_IMAGE_PLANE_UNIFORM_FLAG u(1) 8.4.16
iff (DC/IMAGE_PLANE_UNIFORM_FLAG)
DC_QP() 8.4.22
if (BANDS_PRESENT != DCONLY) {
RESERVED_I_BIT u(1) 8.4.17
LP_IMAGE_PLANE_UNIFORM_FLAG u(1) 8.4.18
if (LP_IMAGE_PLANE_UNIFORM_FLAG) {
NumLPQPs =1
LP_QP() 8.4.23
}
if (BANDS_PRESENT != NOHIGHPASS) {
RESERVED_]_BIT u(1) 8.4.19
HP_IMAGE_PLANE_UNIFORM_FLAG u(1) 8.4.20
if (HP_IMAGE_PLANE_UNIFORM_FLAG) {
NumHPQPs = 1
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HP_QP() 8.4.24
}
}
}
while (1IS_BYTE_ALIGNED())
BYTE_ALIGNMENT_BIT u(1) 8.4.21
}
8.4.2 INTERNAL_CLR_FMT

INTERNAL_CLR_FMT is a 3-bit syntax element that specifies the internal colour 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

subclause 9.10.

When IsCurrP

For the cases
components:
components

components, 1

Table 28 — INTERNAL_CLR_FMT

Mnemonic
YONLY
YUV420
YUV422
YUV444

YUVK
RESERVED
NCOMPONENT
RESERVED

INTERNAL_CLR_FMT
0

N[O || H|WIN |-

laneAlphaFlag is equal to TRUE, the value of INTERNAL_CLR_FMT shall be equal to 0.

where INTERNAL_CLR_FMT is equal to YUV420,YUV422, or YUV444, there are three internal
the component corresponding to index 0 is th&“Y component, and the U and V correspond to
| and 2, respectively. For YUVK, components 0, 1, 2, and 3 correspond to the Y, U, V,
espectively.

8.4.3 SCALED_FLAG

SCALED_FLA(
If SCALED_FI

performed as

8.4.4 BAN

BANDS_PRES]

codestream, a

is a 1-bit syntax element that'specifies whether scaling is performed in the output formatting
specified in subclause 9.10.6.

DS_PRESENT

ENT is a 4-bitsyntax element that indicates whether the various frequency bands are present
s specified.in Table 29.

Table 29 — BANDS_PRESENT

The values of INTERNAL_CLR_FMT and OUTPUT_CLR_FMT shall be constrained as specified in

rolour
rolour
hind K

stage.

AG is equal to FALSE, scaling is not performed. If SCALED_FLAG is equal to TRUE, scaling is

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

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 document that the value of NumBands shall be less than or equal to the value of
NumBandsOfPrimary.
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Table 30 — Pseudocode to determine the number of bands present in the codestream, NumBands

8.4.5

RESE]
INTEH

When|

The v.

NOTE

definition of a backward-compatible usage of different values of this syhtaX’element.

8.4.6

CHRO
YUV4

CHROQ

sampling grid. When present and in the range of 0 to 4, inclusive, CHROMA_CENTERING_X indi

left-m
positi
quart
positi

For ey
each ¢
of lun

The v
confo

DetermineNumBands( ) { Reference
if (BANDS_PRESENT = = ALL)
NumBands = 4
else if (BANDS_PRESENT = = NOFLEXBITS)
NumBands = 3
else if (BANDS_PRESENT = = NOHIGHPASS)
NumBands = 2
else /* (BANDS_PRESENT == DCONLY) */
NumBands = 1
if (IsCurrPlaneAlphaFlag = = FALSE)
NumBandsOfPrimary = NumBands
}

RESERVED_E_BIT

RVED_E_BIT is a 1-bit syntax element and is present when INTERNAL_CLR_EMT is equal
RNAL_CLR_FMT is equal to YUV420.

RESERVED_E_BIT is present, its value shall be equal to 0. The value 1 for RESERVED_E_BIT is 1
hlue of RESERVED_E_BIT shall be ignored by decoders.

The purpose of the specification for decoders to ignore the value of RESERVED_E BIT is to en

CHROMA_CENTERING_X

MA_CENTERING_X is a 3-bit syntax element. It.js‘present when INTERNAL_CLR_FMT is equal
0. When CHROMA_CENTERING_X is not present, its value should be inferred to be equal to 0.

MA_CENTERING_X indicates the positigning alignment of the chroma sampling grid with respe
ost sample of each row of each chrema array of the image is considered to be horizontally po
bn CHROMA_CENTERING_X with-respect to the left-most sample of each row of the luma arr

er luma sample positions:"\When present and equal to 7, CHROMA_CENTERING_X indic
bning alignment is unknown' or unspecified.

a samples.

hlue of GHROMA_CENTERING_X shall be equal to 0, 1, 2, 3, 4, or 7. The values 5 and 6 are reser
‘ming to this edition of this document should treat the values 5 and 6 as equivalent to the valug

NOTE

ample, when CHROMA_CENTERING_X is equal to 0 and INTERNAL_CLR_FMT is equal to YUV42
hroma sample is.considered to be horizontally located at the same position as the left-most sample of a pair

o YUV422 or

eserved.

hble the future

to YUV422 or

ct to the luma
rates that the
itioned at the
Ay, in units of
Ates that the

2 or YUV420,

ved. Decoders
7.

2:0 or 4:2:2 to

CEHROMA PF‘T\ITF‘DH\T(‘ Y is useful to 3id in naanv-m-nn apnrnpmafa l|pc')mp]|hg conversion from 4

4:4:4. However, the use of CHROMA CENTERING_X is not requlred for decoder conformance to this document, as the manner
of performing such an upsampling process is outside the scope of this document.

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
backw

The specification for decoders to ignore the value of RESERVED_F is to enable the future
ard-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 shal

NOTE

lignore the value of RESERVED_G_BIT.

backward-compatible usage of different values of this syntax element.

The specification for decoders to ignore the value of RESERVED_G _BIT is to enable the future definition of a

8.4.9 CHROMA€CENTERINGY
CHROMA_CENTERING_Y is a 3-bit syntax element. It is present when INTERNAL_CLR_FMT is equal(te'YU

When CHROM

CHROMA_CEN
sampling grid
top-most sam
position CHR(
quarter luma
positioning al

For example,
chroma samp
samples.

The value of
conforming td

NOTE CHRO
4:4:4. However
of performing s

8.4.10 RESERVED_H

RESERVED_H
YUV422,0or N

When RESERY

NOTE The {
backward-com

8.4.11 NUM

A_CENTERING_Y is not present, its value should be inferred to be equal to 0.

TERING_Y indicates the positioning alignment of the chroma sampling grid with respect to the
. When present and in the range of 0 to 4, inclusive, CHROMA_CENTERING_Y indicates th
ple of each column of each chroma array of the image is considered to be vertically positioned
MA_CENTERING_Y with respect to the top-most sample of each column'ofithe luma array, in u

sample positions. When present and equal to 7, CHROMA_CENTERING_Y indicates th:
gnment is unknown or unspecified.

when CHROMA_CENTERING_Y is equal to 0 and INTERNAL,_CLR_FMT is equal to YUV420
e is considered to be vertically located at the same positionas the upper sample of a pair of

HROMA_CENTERING_Y shall be equal to 0, 1, 2, 3,4;or 7. The values 5 and 6 are reserved. Deq
this edition of this document should treat the yalues 5 and 6 as equivalent to the value 7.

MA_CENTERING_Y is useful to aid in performing appropriate upsampling conversion from 4:2:0 to 4

the use of CHROMA_CENTERING_Y is not required for decoder conformance to this document, as the n
uch an upsampling process is outside the §cope of this document.

is a 4-bit syntax element.that is present when INTERNAL_CLR_FMT is equal to one of YU
COMPONENT.

pecification for decoders to ignore the value of RESERVED_H is to enable the future definitio
batible usage of different values of this syntax element.

_COMPONENTS_MINUS1

V420.

luma
at the
at the
hits of
it the

each
luma

oders

2:2 or
lanner

V444,

ED_H is present{itsvalue shall be equal to 0. Decoders shall ignore the value of this syntax element.

h of a

NUM_COMPONENTS_MINUS1 is a 4-bit syntax element that is present when INTERNAL_CLR_FMT is equal to
NCOMPONENT.

The number o

8.4.12 NUM

NUM_COMPONENTS_EXTENDED_MINUS16

f components, NumComponents, is specified in pseudocode in Table 31.
_COMPONENTS_EXTENDED_MINUS16

is a 12-bit syntax element that is present

NUM_COMPONENTS_MINUS1 is equal to OxF.

The number o

48

f components, NumComponents, is specified in pseudocode in Table 31.
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Table 31 — Pseudocode to determine the number of components present in the codestream

DetermineNumComponents( ) { Reference
if INTERNAL_CLR _FMT == NCOMPONENT)
if (NUM_COMPONENTS_MINUS1 = = 0xF)

NumComponents =
NUM_COMPONENTS_EXTENDED_MINUS16 + 16

else
NumComponents = NUM_COMPONENTS_MINUS1 + 1
else if INTERNAL_CLR_FMT= = YONLY)
NumComponents = 1
else if (INTERNAL_CLR_FMT = =YUV420 | |

8.4.1
SHIFT
BD32
subclg

8.4.1

LEN_N

the nimber of mantissa bits that are specified by the integer representation of floating point data

subclg
8.4.1

EXP_H
specif

8.4.1

DC_IM

DC band for all the macrioblocks in the corresponding image plane. If DC_IMAGE_PLANE_UNIFORM |

to TR
and tH
to the
band

8.4.1

INTERNAL_CLR_FMT ==YUV422 | |
INTERNAL_CLR_FMT = = YUV444)
NumComponents = 3

else if (INTERNAL_CLR_FMT = = YUVK)
NumComponents = 4

}
3 SHIFT_BITS

_BITS is an 8-bit syntax element that is present when OUTPUT_BITDEPTH is equal to BD
5. SHIFT_BITS is used to left-shift the sample values in the output formatting stage as
use 9.10.7.

4 LEN_MANTISSA

IANTISSA is an 8-bit syntax element that is present wheh OUTPUT_BITDEPTH is equal to BD3
use 9.10.7 prior to output conversion processing:

5 EXP_BIAS

IAS is an 8-bit syntax element that+is present when OUTPUT_BITDEPTH is equal to BD32F,
jes the bias of the exponent in thetepresentation of floating point data as specified in subclaus

6 DC_IMAGE_PLANE_UNIFORM_FLAG
AGE_PLANE_UNIFORM\FLAG is a 1-bit syntax element that specifies whether a single QP set
JE, a single QP set is used for the DC band of all tiles in the image (and hence for all macroblog

value specifted in the image plane header. If DC_IMAGE_PLANE_UNIFORM_FLAG is equal to
bf each tilemay use a different QP set, and these QP sets are specified in the tile headers.

7. RESERVED_I_BIT

16, BD16S, or
specified in

PF. It specifies
hs specified in

This element
£ 9.10.7.

s used for the
FLAG is equal
ks of all tiles),

is QP set is presént in the image plane header. In this case, the DC QP set used for all tiles shall be set equal

FALSE, the DC

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

NOTE
of aba

The purpose of the specification for decoders to ignore the value of RESERVED_I_BIT is to enable the future definition

ckward-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_]_
the value of R
discard) the v|

NOTE Thep
of a backward-

8.4.20 HP_I

HP_IMAGE_PI|
HP band. If H
all tiles in the
header. In thif
HP_IMAGE_PIj
colour compo

iSa I-bitT Symtax element. It IS a requirement ot codestream Contormance to
ESERVED_]_BIT shall be equal to FALSE. Decoders shall ignore (remove from the codestrea
hlue of RESERVED_]_BIT.

ompatible usage of different values of this syntax element.

MAGE_PLANE_UNIFORM_FLAG

ANE_UNIFORM_FLAG is a 1-bit syntax element that specifies whethér@single QP set is used f
P IMAGE_PLANE_UNIFORM_FLAG is equal to TRUE, a single QP sét shall be used for the HP b
image (and hence for all macroblocks of all tiles), and this QPZset is specified in the image
case, the HP QP set for all tiles shall be set equal to the values'specified in the image plane hed
ANE_UNIFORM_FLAG is equal to FALSE, multiple QP sets may be used for the HP bands o
hent in each tile, and these QP sets are specified in the tile)headers.

isdocument that

and

irpose of the specification for decoders to ignore the value of RESERVED_]_BIT is to enable-the future defiinition

or the
hnd of

plane
der. If
[ each

elis

8.4.21 BYTE_ALIGNMENT_BIT
BYTE_ALIGNNIENT_BIT is a 1-bit syntax element. When t(is present, its value shall be equal to 0. The valu
reserved.
8.4.22 DC_QP()
8.4.22.1 Syntax structure
The DC_QP( ) pyntax 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
else- HCOMPONENT-MOBE=—SEPARATEF
DC_QUANT_LUMA u(8) 8.4.22.4
DC_QUANT_CHROMA u(8) 8.4.22.5
} else if (COMPONENT_MODE ==
INDEPENDENT)
for (i = 0; i < NumComponents; i++)
DC_QUANT_CH[i] 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_CH[ ] when quantization parameters vary on a per tile basis.
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8.4.22.2 COMPONENT_MODE
COMPONENT_MODE is a 2-bit syntax element that is present if NumComponents > 1, and specifies whether the
colour 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.

Table 33 — COMPONENT_MODE

Value COMPONENT_MODE
0 UNIFORM
1 SEPARATE
2 INDEPENDENT
3 RESERVED

8.4.22.3 DC_QUANT

DC_QUANT is an 8-bit syntax element that is present if COMPONENT_MODE is equal toJNIFORM. Iy this case, the
value fof the DC QP for all the colour components shall be set to DC_QUANT.

8.4.22.4 DC_QUANT_LUMA

DC_QUANT_LUMA is an 8-bit syntax element that is present if COMPONENT MODE is equal to SEPARATE. In this
case, the value of the DC QP for the luma component shall be set to DC.QUANT_LUMA.

8.4.22.5 DC_QUANT_CHROMA

DC_QUWANT_CHROMA is an 8-bit syntax element that is present if COMPONENT_MODE is equal to BEPARATE. In
this c3se, the value of the DC QP for the chroma components'shall be set to DC_QUANT_CHROMA.

8.4.22.6 DC_QUANT_CHi]

DC_QUANT_CHIi] is an 8-bit syntax element that is present if COMPONENT_MODE is equal to INDEPENDENT. In
this cgse, the value of the DC QP for the i-th ¢elour component shall be set to DC_QUANT_CHIi].

8.4.23 LP_QP()
8.4.23.1 Syntax structure
The LP_QP( ) syntax structure is specified by Table 34.

Table 34 - LP_QP( ) syntax structure

LP_QP() { Descriptor Reference
for(q = 0; g < NumLPQPs; g++) {
if (NumComponents != 1)

COMPONENT_MODE u(2) 8.4.22.2
if (COMPONENT_MODE = = UNIFORM)

LP_QUANT[q] u(8) 8.4.23.2
else if (COMPONENT_MODE = = SEPARATE) {

LP_QUANT _LUMA[q] 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

)

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] ][ ] when quantization parameters vary on a per tile basis.

© ISO/IEC 2019 - All rights reserved 51


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29199-2:2020(E)

8.4.23.2 LP_QUANT]q]

LP_QUANT]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 colour components shall be set to LP_QUANT|[q].

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_C]liROMA[q] is an 8-bit syntax element that is present if COMPONENT_MODE is equal to SERARATE. In
this case, the yalue of the g-th LP QP for the chroma components shall be set to LP_QUANT_CHROMA[q}.

8.4.23.5 LP_QUANT_CH[i][q]

LP_QUANT_CHJi][q] is an 8-bit syntax element that is present if COMPONENT_MODE is equial to INDEPENDENT. In
this case, the yalue of the g-th LP QP for the i-th colour component shall be set to LP_QUANT_CH]Ji][q]-

8.4.24 HP_QP()
8.4.24.1 Syntax structure
The HP_QP( ) pyntax structure is specified by Table 35.

Table 35 — HP_QP( ) syntax structure

HP_QP() { Descriptor Reference
for (g = 0; g < NumHPQPs; g++) {
if (NumComponents != 1)

COMPONENT_MODE u(2) 8.4.22.2
if (COMPONENT_MODE = = UNIFORM)

HP_QUANT[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 CH[i][q] u(8) 8.4.24.5

}

NOTE  This functionn HP_QP(), is called from two locations: IMAGE_PLANE_HEADER or TILE_HEADER_HIGHPASS. Care
should be taker to‘use‘the correct value of HP_QUANT_CH[ ][ ] when quantization parameters vary on a per tile basis.

8.4.24.2 HP_QUANT|q]

HP_QUANT[(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 HP QP for all the colour components shall be set to HP_QUANT[q].

8.4.24.3 HP_QUANT_LUMA[(q]

HP_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 HP QP for the luma component shall be set to HP_QUANT_LUMA[q].
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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 q-th HP QP for the chroma components shall be set to HP_QUANT_CHROMA[q].

8.4.24.5 HP_QUANT_CHJi]l[q]

HP_QUANT_CHJi][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 colour component shall be set to HP_QUANT_CH]Ji][q].

8.5 INDEX_TABLE_TILES()

8.5.1 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_MINUS1 + 1) *
(NUM_VER_TILES_MINUS1 + 1)
else /* FREQUENCY_MODE_CODESTREAM_FLAG = = TRUE */
valueNumIndexTableEntries = (NUM_HOR_TILES_MINUS1 +1) *
(NUM_VER_TILES_MINUS1 + 1) * NumBandsOfPrimdry

INDEX_TABLE_STARTCODE u(16) 8.5.p
for (n = 0; n < valueNumIndexTableEntries; n++)
IndexOffsetTile[n] = VLW_ESC() 8.5.8

8.5.2| INDEX_TABLE_STARTCODE

INDEX_TABLE_STARTCODE is a 16-bit syntax element which indicates the start of the INDEX_TABLE_TILES().
This dlement shall have the value 0x0001. Other values of INDEX_TABLE_STARTCODE are reserved.

8.5.3| IndexOffsetTile[n]

IndexPffsetTile[n] is a variable that specifies the offset of the n-th tile packet from the start of thg coded image
data. The value of this variable is determined by a VLW_ESC( ) syntax structure.

The grdering of this “information is as follows: Index offset elements corresponding to each| tile shall be
consefutively ordered in low-to-high order of the frequency, i.e. DC followed by low-pass, high-pass$, and flexbits.
IndexPffsetTile-entries are ordered in the raster scan order of the respective tiles, i.e. left-to-right for the top row
of theltile, followed by left-to-right for the next row, and so on through the bottom row of the tile.

For spatiakmode codestreams, only one IndexOffsetTile is sent per tile. For images with missing sup-bands (such
as when BANDS_PRESENT 1s not equal to ALLJ, Index Ullset elements are sent only for the sub-bands that are
present. An example of this syntax element for an image with four spatial tiles and two frequency bands (DC and
LP, i.e. BANDS_PRESENT is equal to NOHIGHPASS) is specified below. Here, pDCTile[n] and pLPTile[n] are the
index offset elements of the DC and LP bands of tile n:

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

When the number of tile packets is 1, the index offset of the only packet is 0.
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8.6 PRO

FILE_LEVEL_INFO()

8.6.1 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) {

ROFHEIDBE u{8) 862
ILEVEL_IDC u(8) 8.6.3
RESERVED_L u(15) 8.6.4
ILAST_FLAG u(1) 8.6.5
jumBytes += 4

}
retufn numBytes
}
8.6.2 PROFILE_IDC

PROFILE_IDC
indicate a set

8.6.3 LEVEL_IDC

LEVEL_IDC (W
indicate a set

8.6.4 RESERVED_L

RESERVED_L
are reserved.

NOTE Thep
backward-com

No particular
PROFILE_LEV|

8.6.5 LAS]

LAST_FLAG (§
LEVEL_IDC, a

(when present) is an 8-bit syntax element. When present, the values)of PROFILE_IDC and LEVH
bf profile and level constraints as specified in Annex B.

'hen present) is an 8-bit syntax element. When present, the values of PROFILE_IDC and LEVE
bf profile and level constraints as specified in Annex'B.

is a 15-bit syntax element. When present, the value of RESERVED_L shall be equal to 0. Other
Pecoders shall ignore the value of this syntax element.

irpose of the specification for decoders to ignore the value of RESERVED_L is to enable the future definiti
batible usage of different values of this syntax element.

combination of PROFILE_IDC, LEVEL_IDC, and RESERVED_L shall appear more than once
EL_INFO( ) syntax Structure.

' FLAG

when present) is a 1-bit syntax element. It indicates whether the preceding PROFIL
hd RESERVED_L syntax elements are the last such syntax elements in the PROFILE_LEVEL_I]

L_IDC

L_IDC

yalues

on of a

n the

5_IDC,
(FO()

syntax structy
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8.7 CODED_TILES()
8.7.1 Syntax structure

The CODED_TILES( ) syntax structure is specified by Table 38.

Table 38 — CODED_TILES( ) syntax structure

ISO/IEC 29199-2:2020(E)

CODED _TILES() {

Descriptor

Reference

if (FREQUENCY_MODE_CODESTREAM_FLAG = = FALSE)

for (n = 0; n < (NUM_HOR_TILES_MINUS1 + 1) *

NTINM VED TITDC MNMINIICT o 1), o ) [
(IO VIV B T T _IIIIN OO T+ 1), T+

NumMBInCurrentTile = NumMBInTile[n]

POS_SEEK(IndexOffsetTile[n])

TILE_SPATIAL()

8.7)2

}

else { /* FREQUENCY_MODE_CODESTREAM_FLAG = = TRUE */

for (n = 0; n < (NUM_HOR_TILES_MINUS1 + 1) *
(NUM_VER_TILES_MINUS1 + 1); n++) {

NumMBInCurrentTile = NumMBInTile[n]

POS_SEEK(IndexOffsetTile[n * NumBandsOfPrimary])

TILE_DC()

8.713

}

if (NumBandsOfPrimary > 1)

for (n = 0; n < (NUM_HOR_TILES_MINUS1 + 1) *
(NUM_VER_TILES_MINUS1 + 1); n++) {

NumMBInCurrentTile = NumMBInTile[n]

POS_SEEK(IndexOffsetTile[n * NumBandsOfRrimary + 1])

TILE_LOWPASS()

8.7}5

}

if (NumBandsOfPrimary > 2)

for (n = 0; n < (NUM_HOR_TILES_MINUS1 + 1) *
(NUM_VER_TILES_MINUS1 +1); n++) {

NumMBInCurrentTile = NamMBInTile[n]

POS_SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 2])

TILE_HIGHPASS( )

8.7\7

}

if (NumBandsOfPrimary > 3)

for (n = 0; n < (NUM_HOR_TILES_MINUST + 1) *
(NUM_VER' TILES_MINUS1 + 1); n++) {

NumMBInCurrentTile = NumMBInTile[n]

ROS-SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 3])

TILE_FLEXBITS()

8.719
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8.7.2 TILE_SPATIAL()
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(4) 8.7.10.3
IsCurrPlameAtphaftag=FALSE
TILE{ HEADER _DC() 8.7.4
if (BANDS_PRESENT != DCONLY) { /* BANDS_PRESENT of Primary Plane */

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() 8.7.8

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
h
MB_DC() 8.7.11
if (BANDS_PRESENT != DGONLY) {
MB_LP() 8.7.16.1
if (BANDS_PRESENT = NOHIGHPASS) {
MB_CBPHR() 8.7.17.2
MB_HP)FLEX() 8.7.18.3
}
h

if (ALRHA_IMAGE_PLANE_FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS_PRESENT = DCONLY) {
/* BANDS_PRESENT of Alpha plane*/
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() 8.7.16.1
if (BANDS_PRESENT != NOHIGHPASS) {
MB_CBPHP() 8.7.17.2
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TILE_SPATIAL() {

Descriptor

Reference

MB_HP_FLEX()

8.7.18.3

}

}

} /* for if (ALPHA_IMAGE_PLANE_FLAG) */

} /* for (n = 0; n < NumMBInCurrentTile; n++) */

while (IS_BYTE_ALIGNED( ))

BYTE_ALIGNMENT_BIT

u(l)

8.4.21

}

8.7.3

TILE_DC()

The T

8.7.4

LE_DC[ J Syntax structure 1s speciiied by Table 4U.

Table 40 — TILE_DC( ) syntax structure

TILE_DC() {

Descriptor

Reference

TILE_STARTCODE

u(24)

8.7.10n

ARBITRARY_BYTE

u(8)

8.7.10.2

IsCurrPlaneAlphaFlag = FALSE

TILE_HEADER_DC( )

8.7.4

if (ALPHA_IMAGE_PLANE_FLAG) {

IsCurrPlaneAlphaFlag = 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)N

IsCurrPlaneAlphaFlag = TRUE

MB_DC()

8.7.11

}

}

while ({IS_BYTE_ALIGNED())

BYTE_ALIGNMENT_BIT

u(1)

8.4.21

}

TILE_HEADER_DC()

The TILE_HEADER_DC( ) syntax structure is specified by Table 41.

Table 41 — TILE_HEADER_DC( ) syntax structure

TILEDHEADER _DC() { Reference
if'(DC_IMAGE_PLANE_UNIFORM_FLAG = = FALSE)

DC_QP()

Descriptor

8.4.22

}
8.7.5LTILE_LOWPASS()

The TILE_LOWPASS( ) syntax structure is specified by Table 42.
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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 */
TILE_HEADER_LOWPASS() 8.7.6
if (ALPHA_IMAGE_PLANE_FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS_PRESENT != DCONLY) /* BANDS_PRESENT of
alpha image plane */
TILE_HEADER_LOWPASS() 8.7.6

for (nf= 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] = 8.7.10.10
DECODE_QP_INDEX(NumLPQPs) /* primary image plane */
MB_LP() 8.7.16.1

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] = DECODE_QP_INDEX(Num¥LRQPs) 8.7.10.10
/* alpha image plane */
MB_LP() 8.7.16.1
}

}
}
while [[IS_BYTE_ALIGNED( ))

BYTE_ALIGNMENT _BIT u(1) 8.4.21

i
8.7.6 TILE HEADER_LOWPASS()

The TILE_HEADER_LOWPASS() syntax structure is specified by Table 43.

Table 43 — TILE_HEADER_LOWPASS( ) syntax structure

TILE.HEADER_LOWPASS() { Descriptor Reference
if (LP_IMAGE_PLANE_UNIFORM_FLAG = = FALSE) {
USE_DC_QP_FLAG u(1) 8.7.10.4
if (USE_DC_QP_FLAG]
NumLPQPs =1
else {
NUM_LP_QPS_MINUS1 u(4) 8.7.10.5
NumLPQPs = NUM_LP_QPS_MINUS1 + 1
LP_QP() 8.4.23
}
}
}

58 © ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c
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The TILE_HIGHPASS( ) syntax structure is specified by Table 44.
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Table 44 — TILE_HIGHPASS( ) syntax structure

TILE_HIGHPASS( ) {

Descriptor

Reference

TILE_STARTCODE

u(24)

8.7.10.1

ARBITRARY_BYTE

u(8)

8.7.10.2

IsCurrPlaneAlphaFlag = FALSE

if (BANDS_PRESENT != DCONLY &&

B C R TE

/* BANDS_PRESENT of primary image plane */

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

}

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

IsCurrPlaneAlphaFlag = FALSE

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

if (NumHPQPs > 1 && USE_LP_QP_FLAG = = FALSE)

HP_QP_INDEX[n] = DECODE_QP_INDEX{NUmHPQPs)

8.7.1(.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 alpha image plane */

if (NumHPQP5>.1 && USE_LP_QP_FLAG = = FALSE)

HP_QP_INDEX[n] = DECODE_QP_INDEX(NumHPQPs)

8.7.1(.10

MB_CBRHP()

8.7.17.2

MB/HP()

8.7.18.2

}

}

while (!IS_BYTE_ALIGNED())

BYTE_ALIGNMENT_BIT

u(1)

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(1) 8.7.10.6

if (USE_LP_QP_FLAG)
NumHPQPs = NumLPQPs

eise
NUM_HP_QPS_MINUS1 u(4) 8.7.10.7
NumHPQPs = NUM_HP_QPS_MINUS1 + 1
HP_QP() 8.4.24

}

}
8.7.9 TILH FLEXBITS()

The TILE_FLEXBITS( ) syntax structure is specified by Table 46.

Table 46 — TILE_FLEXBITS( ) syntax structure

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++) {
IsCurrPlaneAlphaFlag = FALSE
if (BANDS_PRESENT = = ALL)
/* BANDS_PRESENT of primaky 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 (IJSSBYTE_ALIGNED( ))
BYTE_ALIGNMENT_BIT u(1) 8.4.21

}
8.7.10 Tiledlevel-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 can check the value of TILE_STARTCODE to ensure that it has the correct value. If some value other than
0x000001 is detected, decoders can 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 is 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 can be preferable in some uses.
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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.

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 ELEXBITS-is-a4-bit-syntax—element-thatispresentH-TRIMELEXBITS ELAG-is—equal-te—FRYE. 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] - TRIM_FLEXBITS) as specified in subclause 8.7.18.3 and subclause 8.7.19.1.

8.7.10.4 USE_DC_QP_FLAG

USE_IDC_QP_FLAG is a 1-bit syntax element which specifies whether the LP band uses the same QP|set as the DC
band.|If USE_DC_QP_FLAG is equal to TRUE, the values of the LP QP set are set to those of the DJ band QP set;
otherywise, the values of the LP QP set are explicitly specified in the codestream. When USE_DC_QP_FLAG is not
present, its value shall be inferred to be equal to FALSE.

8.7.10.5 NUM_LP_QPS_MINUS1

NUM_[LP_QPS_MINUS1 is a 4-bit syntax element that is present if LP_IMAGE_PLANE_UNIFORM_FLAG is equal to

FALSH

8.7.1

USE_L
band.

. This syntax element specifies the number of LP band QPs, per colour component in each tile,

0.6 USE_LP_QP_FLAG

P_QP_FLAG is a 1-bit syntax element that specifies whether the HP band uses the same QP
If USE_LP_QP_FLAG is equal to TRUEthe values of the HP QP sets are set to those of the LP

minus 1.

sets as the LP
band QP sets;

otheryise, the values of the HP QP sets'are explicitly specified in the codestream. When USE_LP_QP_FLAG is not
present, its value shall be inferred to-he equal to FALSE.

8.7.10.7 NUM_HP_QPS-MINUS1

NUM_HP_QPS_MINUS1 i$ a)4-bit syntax element that is present if HP_IMAGE_PLANE_UNIFORM_FLAG is equal to
FALSE. This syntax elemént specifies the number of HP band QPs, per colour component in each tile, minus 1.
8.7.10.8 EP_QP_INDEX]|n]

LP_QR_INDEX{n] is a variable-length syntax element that is present when BANDS_PRESENT is| not equal to

LY;NumLPQPs is greater than 1, and USE_DC_QP_FLAG is equal to FALSE. It specifies the QP i

’

ndex used for
ur component

[n] takes the value g. The LP QP index is parsed using the
syntax structure DECODE_QP_INDEX( ). When LP_QP_INDEX[n] is not present, its value shall be inferred to be
equal to 0.
8.7.10.9 HP_QP_INDEX|[n]

HP_QP_INDEX[n] is a variable-length syntax element that is present when BANDS_PRESENT is not equal to
DCONLY or NOHIGHPASS, NumHPQPs is greater than 1, and USE_LP_QP_FLAG is equal to FALSE. It specifies the
QP index for the HP band of the n-th macroblock, in raster scan order, of the tile. The HP band QP for each colour
component shall be derived from the g-th QP set when HP_QP_INDEX]|n] takes the value q. The HP QP index is

parsed using the syntax structure DECODE_QP_INDEX( ). When HP_QP_INDEX]n] is not present, its value shall be
inferred as follows:
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— 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.

8.7.10.10  DECODE_QP_INDEX()

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.

The syntax stifticture DECODE_QP_INDEX( J 1S Specified by Table 47.

Table 47 — DECODE_QP_INDEX( ) syntax structure

DECODE_QP_INDEX(iNumQP) { Descriptor Reference
iBifsQPIndex[]={0,0,1,1,2,2,3,3,3,3,4,4,4,4,4, 4,4}
iBifs = iBitsQPIndex[iNumQP]

IS_QPINDEX_NONZERO_FLAG u(1) 8.7.10.11
if (IS_.QPINDEX NONZERO_FLAG = = FALSE)

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

QPINDEX REF u(iBits) 8.7.10.12

iQPIndex = QPINDEX_REF + 1

return iQPIndex

i
8.7.10.11 IS_QPINDEX NONZERO_FLAG

IS_QPINDEX_NONZERO_FLAG is a 1-bit syntax element. [fSCQPINDEX_NONZERO_FLAG is equal to TRUE, the QP
index is derived from the syntax element QPINDEX_REF.Otherwise, the QP index is set to 0.

8.7.10.12 QPINDEX_REF

QPINDEX_REF is a syntax element that specifies the QP index when IS_QPINDEX_NONZERO_FLAG is eqgpal to
TRUE. The value of QPINDEX_REF shall bé\inthe 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
/* I§CurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane,
hind [sCurrPlaneAlphaFlag is equal to FALSE for parsing primary
image plane */
iBand =0 /* 0 = DC band, 1 = LP band, 2 = HP band */
blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (bInitializeContext) {
InitializeDCVLC() 8.8.3.1
InitializeModelMB(ModelDC, iBand) 8.12.1

}
iLapMean| ] = {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
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MB_DC() {

Descriptor

Reference

bAbsLevel = IS_DC_CH_FLAG

m=0

if (n !=0)

m=1

if (bAbsLevel)

iLapMean[m] = iLapMean[m] + 1

bChroma = FALSE /* Luma */

DCInput[n] =
DECODE_DC(ModelDC.MBits[m], iBand, bChroma, bAbsLevel)

8.7.12

}

else { /*INTERNAL_CLR_FMT is not YONLY, YUVK,

or NCOMPONENT */

VAL_DC_YUV /* Parse with VAL_DC_YUV Code table */

e(v)

8.7,14.2

/* Luma (Y) DC Parsing */

bAbsLevel = ((VAL_DC_YUV & 4) = 0)

if (bAbsLevel)

iLapMean[0] = iLapMean[0] + 1

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

DCInput[0] =
DECODE_DC(ModelDC.MBits[0], iBand, bChroma, bAbsLevel)

8.7.12

/* First chroma (U) DC Parsing */

bAbsLevel = ((VAL_DC_YUV & 2) = 0)

if (bAbsLevel)

iLapMean[1] = iLapMean[1] + 1

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

DCInput[1] =
DECODE_DC(ModelDC.MBits[1], iBand, bChroma, bAbsLevel)

8.7.1%

/* Second chroma (V) DC Parsing */

bAbsLevel = ((VAL_DC_YUV & 1) = 0)

if (bAbsLevel)

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

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

DCInput[2] =
DECODE_DC(ModelDC.MBits[1], iBand, bChroma, bAbsLevel)

8.7.12

}

UpdateModelMB(iLapMean|],,ModelDC, iBand)

8.12.2

bResetContext = (MBx == (LeftMBIndexOfTile[TileIndexx + 1] - 1) | |
(MBx - LeftMBIndexOfTile[TileIndexx]) % 16 = = 0)

if (bResetContext)

AdaptDC()

8.8.4.1L

}

8.7.12 DECODE.DC()

Table 49 — DECODE_DC( ) syntax structure

DECODE_DC(iModelBits, iBand, bChroma, bAbsLevel) {

Descriptor

Referenge

1DC=0

iContext =0

if (bAbsLevel)

iDC = DECODE_ABS_LEVEL(iBand, bChroma, iContext) - 1

8.7.13

if (iModelBits) {

DC_REF

u(iModelBits)

8.7.14.3

iDCRef = DC_REF

iDC = (iDC<< iModelBits) | iDCRef

}

if (ibC 1= 0) {

SIGN_FLAG

u(l)

8.7.14.4

if (SIGN_FLAG)

iDC = -iDC
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DECODE_DC(iModelBits, iBand, bChroma, bAbsLevel) {

Descriptor

Reference

}

return iDC

}

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 (iBand = = 0) /*DC*/

if (bCH

roma]j

SsA

fdaptVLC = AbsLevellndDCChr

else

SA|

daptVLC = AbsLevellndDCLum

else if (iB4

nd==1)/*LP*/

if (iCol

htext)

sA|

daptVLC = AbsLevellndLP1

else

SsA

daptVLC = AbsLevellndLP0O

else if (iB3

nd==2) /*HP*/

if (iCo

htext)

SsA

daptVLC = AbsLevellndHP1

else

sA|

daptVLC = AbsLevellndHPO

iRemapl ]

= (2,3,4,6,10, 14}

iFixedLen

1={0,0,1,2,2,2}

ABS_LEVE

[._INDEX /* Parse with table indexed by sAdaptVLC.Tablelndex */

ae(v)

8.7.145

sAdaptVL

C.DiscrimVal1l += AbslevellndexDelta[0][ABS_LEVEL_INDEX]

Table B6

if (ABS_LH

VEL_INDEX < 6) {

iFixed

= iFixedLen[ABS_LEVEL_INDEX]

iLevel

E iRemap[ABS_LEVEL_INDEX]

if (iFix

bd > 0) {

LE|

VEL_REF

u(iFixed)

8.7.1416

iLd

vel += LEVEL_REF

}

}else { /*

Escape mode */

FIXED

[ NUM

u(4)

8.7.1447

iFixed

= FIXED_NUM + 4

if (iFixe

d==19){

FI)

(ED_NUM_EXT

u(2)

8.7.1448

iFi

ked += FIXED_NUM: EXT

if

iFixed = = 22)4{

FIXED_NUM_EXT2

u(3)

8.7.149

iFixed *=FIXED_NUM_EXT2

}

}

LEVEL_REF

u(iFixed)

8.7.14.6

iLevel

= 2 + (1 << iFixed) + LEVEL_REF

}

return iLevel
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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 colour 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 colour component is equal to 0.

8.7.14.2 VAL_DC_YUV

VAL_IDC_YUV is a variable-length syntax element that is present if INTERNAL_CLR_FMT is not~dne of YONLY,
YUVK] or NCOMPONENT. The value of VAL_DC_YUV is a 3-bit number, which jointly specifies.the 2ero/non-zero
statu of the DC coefficients of the Y, U and V, respectively (i.e, (VAL_DC_YUV &4}~ spe¢cifies the Y,
(VALDC_YUV & 2) specifies the U, and (VAL_DC_YUV & 1) specifies the V). The codé€ table used in parsing
VAL_IPC_YUV is specified in Table 51.

Table 51 — Code table for VAL_DC_YUV

Code Value
10 0
001
0000 1
0001
11
010
00000
011

N[O [ AW N (=

8.7.14.3 DC_REF

DC_REF is a syntax element which specifies the FLC refinement in the DC value. The number of bits, iModelBits,
needdd to specify DC_REF is computed asspecified in subclause 8.7.12.

8.7.14.4 SIGN_FLAG

SIGN_FLAG is a 1-bit syntdx-element which specifies the sign of a coefficient. If SIGN_FLAG is equal to TRUE, the
coeffigient is negative. Otherwise, the coefficient is positive.

8.7.14.5 ABS_LEVEL_INDEX

ABS_IJEVEL ANDEX is a variable-length syntax element that has a value in the range of 0 to 6, inclusive. This syntax
element is\used in the computation of the VLC-coded part of the transform coefficient. The VLC-c¢ded part of a
transform/coefficient is parsed in two stages: the initial level value and the VLC refinement. If ABS_LEVEL_INDEX
is less than 6, the initial level and the number of bits required to specify the VLC refinement are specified by this
syntax element. If ABS_LEVEL_INDEX is equal to 6, further syntax elements are parsed to determine the initial
level value and the number of bits required to specify the VLC refinement, as specified in subclause 8.7.13.

The coding of this syntax element uses one of two tables, adaptively determined as specified by the parsing
process (see subclause 8.8). The two code tables are specified in Table 52.
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Table 52 — Code table for ABS_LEVEL_INDEX

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-te_specify
this syntax el¢ment is computed as specified in subclause 8.7.13 from ABS_LEVEL_INDEX if ABS_LEVEL INDEX is
less than 6, o1f from FIXED_NUM, FIXED_NUM_EXT, and FIXED_NUM_EXT?2 if ABS_LEVEL_INDEX is-gredter than or
equal to 6.

8.7.14.7 FIXED_NUM

FIXED_NUM i$ a 4-bit syntax element that is present if ABS_LEVEL_INDEX is equal to ‘6.t specifies the numper of
bits needed tq 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 numper of
extension bitgneeded 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 to 3. It gpecifies the number of additional extension bits needed to specify the initial level value.

8.7.15 Macroblock low-pass

8.7.16 Gengral

This subclausg specifies the derivation of the LP coefficients of the blocks in a macroblock. The presence of non-
zero entropy|coded LP coefficients;*i.e. coded block pattern low-pass, in a macroblock is represented by the
variable iCBPLP as computed, as'specified in Table 53, from the syntax elements CBPLP_YUV1 or CBPLP_YUV2 or
CBPLP_CH_BIT.

If INTERNAL_CLR_FMTis not equal to YUV420 or YUV422, the coded block status of the n-th colour compornent is
specified by ([iCBPLP->>n) & 1). If INTERNAL_CLR_FMT is equal to YUV420 or YUV422, the coded block stdtus of
the luma component is specified by (iCBPLP & 1). If the coded block status bit of a component is non-zero,| there
can be up to| 25vhon-zero LP coefficients associated with that component. These coefficients are parsed by
invoking the process DECODE_BLOCK() specified by subclause 8.7.18.5, and the inverse scanning order is
determined by invoking the process AdaptiveLPScan( ).

If INTERNAL_CLR_FMT is equal to YUV420 or YUV422, the coded block status of the U and V component is jointly
specified by ((iCBPLP >> 1) & 1). If the coded block status bit is non-zero, the LP coefficients of U and V are parsed
jointly by invoking the process DECODE_BLOCK( ) specified in subclause 8.7.18.5. The U and V coefficients are
interleaved, and a fixed inverse scanning order (specified by iRemapArr and iRemapOffset) is used. If
INTERNAL_CLR_FMT is equal to YUV420, there can be up to 3 U and 3 V coefficients and the inverse scanning
orderis U[1], V[1], U[2], V[2], U[3], V[3]. If INTERNAL_CLR_FMT is equal to YUV422, there canbeupto7Uand 7 V
coefficients and the inverse scanning order is U[4], V[4], U[1], V[1], U[2], V[2], U[3], V[3], U[5], V[5], U[6], V[6].

The value of the LP coefficients is refined by invoking the process REFINE_LP( ), and this process is invoked
irrespective of the value of iCBPLP.
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8.7.16.1 MB_LP()
The MB_LP( ) syntax structure is specified by Table 53.

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[]={0,4,8,12,1,5,9, 13, 2,6, 10, 14,3, 7, 11, 15}

iTranspose422[1={0,2,1,3,4,6,5, 7}

iTranspose420[] =10, 2, 1, 3}

blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if [bInitializeContext ) {

InitializeCountCBPLP() 8{9.2
InitializeLPVLC() 88.3.2
InitializeAdaptiveScanLP() 811.2
InitializeModelMB(ModelLP, iBand) 812.1
}
bResetTotals = ((MBx — LeftMBIndexOfTile[TileIndexx]) % 16) = = 0)
if [bResetTotals)
ResetTotalsAdaptiveScanLP() 8111.4

iLapMean| ] = {0, 0}

if (INTERNAL_CLR_FMT = =YUV422 | |
INTERNAL_CLR_FMT = = YUV420)

iFullPlanes = 2

elge

iFullPlanes = NumComponents

—_
—

if (INTERNAL_CLR_FMT = =YUV420 | |
INTERNAL_CLR_FMT = =YUV422 | |
INTERNAL_CLR_FMT = = YUV444) {

iMax = iFullPlanes * 4 - 5 /* Max value of CBPLP */

if (CountZeroCBPLP <=0 | | CountMaxCBREP < 0) {

CBPLP_YUV1 e(v) 87.16.3.1

if (CountMaxCBPLP < CountZeroCBPLP)

iCBPLP = iMax - CBPLP_YUV1

else

iCBPLP = CBPLP_YUV1

} else {

CBPLP_YUV2 u(iFullPlanes) |87.16.3.2

iCBPLP = CBPLPYUV2

}

UpdateCountCBPLP(iCBPLP, iMax) 89.3

} ¢lse {

iCBPLP =0

for((nz0; n < NumComponents; n++) {

CBPLP_CH_BIT u(1) 87.16.3.3

iCRPIDI_(CDDID RIT hY
TCOT o = (GO Of _GIi_D1iT 117

}

}

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

if INTERNAL_CLR_FMT = =YUV420)

jMax =3

else if INTERNAL_CLR_FMT = = YUV422)

jMax =7

else

jMax =15

for (j = 0;j <= jMax; j++)

LPInput[Kk][j] = 0

}

for (n = 0; n < iFullPlanes; n++) {
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MB_LP() { Descriptor Reference
if(n==0)

ilndex=0

else

ilndex=1

iNumNonZero = 0

if (iCBPLP>>n) & 1) {
for (i=0;i<32;i++)
iRLCoeffs[i] =0
iLocation =1
if (INTERNAL_CLR_FMT = =YUV420) && n)
iLocation = 10

if (INTERNAL_CLR_FMT = = YUV422) && n)
iLocation = 2
iNumNonZero = 8,7.18.5
DECODE_BLOCK(ilndex, iRLCoeffs[ ], iBand, iLocation)
if ((INTERNAL_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]

iTempli] = 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][iTpanspose422[iRemap]] = iTemp|k]

}

} elpe {

i=1

for (k = 0; k< iNumNonZero; k++) {
i += iRLCoeffs[k*2]
AdaptiveLPScan(n, i, iRLCoeffs[k * 2 + 1]) /* Updates LPInput */ 8.11.6
i++

}
}
} /* if (LCBPLP>>n) & 1) */
iModelBits = ModelLP.MBits[iIndex]
iLapMean[ilndex] += iNumNonZero
if (iModelBits)
if (INTERNAL_CLR_FMT= =YUV420) && n)
for (k=1; k<4; k++){

LPInput[1][iTranspose420[k]]= 8.7.16.2
REFINE_LP(LPInput[1][iTranspose420[k]], iModelBits)
LPInput[2][iTranspose420[k]] = 8.7.16.2

REFINE_LP(LPInput[2][iTranspose420[k]], iModelBits)

}
else if (INTERNAL_CLR_FMT= =YUV422) && n)

for (k=1; k<8; k++){
LPInput[1][iTranspose422[k]]= 8.7.16.2
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MB_LP() { Descriptor Reference
REFINE_LP(LPInput[1][iTranspose422[Kk]], iModelBits)
LPInput[2][iTranspose422[Kk]] = 8.7.16.2
REFINE_LP(LPInput[2][iTranspose422[k]], iModelBits)
}
else
for (k=1; k< 16; k++)

LPInput[n][iTranspose444[k]] = 8.7.16.2
REFINE_LP(LPInput[n][iTranspose444[Kk]], iModelBits)

} /*for (n=0...*/
UpdateModelMB(iLapMean|[ ], ModelLP, iBand) 8.12.2
bResetContext = (MBx = = (LeftMBIndexOfTile[TileIndexx + 1] - 1) | |

(MBX = LeltiMibIndexvurllie] rieindexxjj 7 16 ==U]j
if [bResetContext)
AdaptLP() g8.4.2
i
8.7.16.2 REFINE_LP()
Table 54 — REFINE_LP( ) syntax structure
REFINE_LP(iCoeff, iModelBits) { Descriptor Reference
COEFF_REF u(iModelBits) | 8.7.16.3.4
if (iCoeff > 0) {
iCoeff <<= iModelBits
iCoeff += COEFF_REF
} else if (iCoeff < 0) {
iCoeff <<= iModelBits
iCoeff —= COEFF_REF
1 else {
iCoeff = COEFF_REF
if (iCoeff) {
SIGN_FLAG u(1) 8.7.14.4
if (SIGN_FLAG)
iCoeff = —iCoeff
}
}
return iCoeff
}
8.7.16.3 MB_LP( ) and REFINE_LP( ) semantics
8.7.16.3.1 CBPLP)YUV1
CBPLP_YUV1 is-aSyntax element that is present if INTERNAL_CLR_FMT is one of YUV420, YUV42pR, or YUV444,
and also CountZeroCBPLP is less than or equal to 0 or CountMaxCBPLP is less than 0 it jointly specifies the coded
block pattérnlow-pass of the Y, U and V colour components as follows:
— [HNTERNAECER M T s YOV444the parsimg of €BPEP-YY Vi isspecifiedby Table 55:

— IfINTERNAL_CLR_FMT is YUV420 or YUV422, the parsing of CBPLP_YUV1 is specified by Table 56.

NOTE  If (CountZeroCBPLP > 0 && CountMaxCBPLP >= 0), the coded block pattern low-pass band is 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
Table 56—TC
Code Value
0 0
10 1
110 2
111 3

8.7.16.3.2 CBPLP_YUV2

CBPLP_YUV2 |is a syntax element that is present when INTERNAL_CLR_FMT is\equal to YUV420, YUV4R2, or
YUV444, and CountZeroCBPLP is greater than 0 and CountMaxCBPLP is greater‘than or equal to 0. The numpber of
bits required o specify this syntax element is specified by iFullPlanes.

8.7.16.3.3 CBPLP_CH_BIT

CBPLP_CH_BIT is a 1-bit syntax element that is present fer_each colour component in an image [when
INTERNAL_CLR_FMT is not one of YUV422, YUV420, or YUV444: Tt specifies the coded block pattern low-pass of
the corresporlding colour component. If CBPLP_CH_BIT is_egual to 0, all the coefficients in the LP band fqr this
macroblock of the corresponding colour component are’set to the value 0. If CBPLP_CH_BIT is equal to 1, the LP
band for this macroblock of the corresponding compongnt is non-zero.

8.7.16.3.4 COEFF_REF

COEFF_REF i a syntax element that refine€ssthe value of LP coefficients. The number of bits used to parge this
syntax element is specified by iModelBits.

8.7.17 Coded block pattern high-pass (CBPHP)
8.7.17.1 General

The CBPHP dgrivation process is hierarchical, and proceeds as follows:

First step: the syntax element NUM_CBPHP and REFINE_CBPHP( ) process specify the residual CBPHP status of
block-groups where each block-group consists of multiple blocks as specified below. |

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 c) 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 colour
component in that macroblock, and each block-group consists of 2x2 groups of blocks in that colour component.
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Thus, there are 4 block-groups for each colour component. NUM_CBPHP takes a value between 0 and 4 and
specifies the number of block groups (in that colour 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,
each p sroup—with—non—ze est BPHP NUM

o a o J I\

there is a NUM_BLKCBPHP syntax element for
BRPHP—+take e—between 0 and 8. If

least some chroma blocks in this block-group are non-zero, and the syntax elements. CHR_CBPHP is parsed to
specifly if a) the U, or b) V, or c) both U and V, colour components have blocks with nen‘zero residual CBPHP. In
this chse, the luma blocks that have non-zero residual CBPHP are indicated bythe value of NUM_BLKCBPHP,
VAL_INC and CODE_INC.

If INTERNAL_CLR_FMT is equal to YUV444 or YUV422, the chroma compongent with non-zero residyal CBPHP has
multiple blocks. 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 is equal
to YUV422, the syntax element CBPHP_CH_BLK specifies the chroma blocks that have non-zero residfial CBPHP.

If INTERNAL_CLR_FMT is equal to YONLY, YUVK, or NCOMPQ@NENT, there is a NUM_BLKCBPHP syntax element for
each block-group (in each colour component) where residual CBPHP status is non-zero. NUM_BLK(BPHP takes a
value |between 0 and 4. The blocks in this block-group-that have non-zero residual CBPHP are indicated by the
value of NUM_BLKCBPHP and CODE_INC.

Third|step: On the completion of the second step for all block groups in a macroblock, the residual CBPHP values
for all the blocks in colour component i are stored in the corresponding iDiffCBPHP[i] variable. These values are
stored in a hierarchical raster scan order,-where each consecutive nibble of 4 bits corresponds to pne 2x2 block
groupl Within each nibble, the blocks ‘of a block-group are in raster scan order, and 2x2 block-groups in a
macragblock are also in raster scan order. If INTERNAL_CLR_FMT is equal to YUV422 or YUV420), the hierarchical
scan qrder for the chroma components is identical to the normal scan order.

The PpredCBPHP( ) process is.invoked to compute the actual CBPHP values from the residual CBPHP values. The
value [of ((MBCBPHP[MBx]{MBy][i] >>j) & 1) specifies the coded block status of the j-th block|(in the same
hieraichical raster scanyorder as iDiffCBPHP) associated with the i-th colour component in the macroblock
indexed by MBx and MBy.
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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 | Reference
/* IsCurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane, and
IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary image plane */
/* sAdaptVLC is local instance of AdaptiveVLC data structure */
iFLC[]1={0,2,1,2,2,0}
iOff[] = {0, 4,28 12 1}
iout[ ] ={0, 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 (blnitiglizeContext)
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
/* refierence AdaptiveVLC struct for NUM_CBPHP */
NUM|CBPHP /* using sAdaptVLC */ ae(v) 8.7.17.4.1
sAdaptVLC.DiscrimVall += Table §
NpumCBPHPDelta[sAdaptVLC.DeltaTableIndex][NUM_CBPHP]
/1 sAdaptVLC.DeltaTableIndex is equal to 0 */
iCBPHP = REFINE_CBPHP(NUM_CBPHP) 8.7.17.8
for (iBlock = 0; iBlock < 4; iBlock++)
f[iCBPHP & (1 << iBlock)) {
sAdaptVLC = DecNumBIkCBPHP
/* reference AdaptiveVLC struct for NUM_BLKCBPHP */

O

—-

NUM_BLKCBPHP /* using sAdaptVLC™*/ ae(v) 8.7.17.4.2
sAdaptVLC.DiscrimVall += Table 90,
NumBIkCBPHPDelta[sAdaptVLC.DeltaTableIndex][NUM_BLKCBPHP] Table 91

iVal = NUM_BLKCBPHP+1
iBIKCBPHP = 0
if (iVal >= 6) { /* Is(chroma */
CHR_CBPHP e(v) 8.7.174.3
iBIKCBPHP\= 0x10 * (CHR_CBPHP + 1)
if (iVal>=9) {
VAL_INC e(v) 8.7.1744
iVal += VAL_INC

s
iVal -= 6

}

iCode = iOff[iVal]

if (iFLC[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 = REFINE_CBPHP(NUM_CH_BLK + 1) 8.7.17.3
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MB_

CBPHP() {

Descriptor

Reference

iDiffCBPHP[k + 1] |= (iCBPHPChr << (iBlock * 4))

}

/* INTERNAL_CLR_FMT = = YUV444 */

} else if (INTERNAL_CLR_FMT = = YUV422) {

iDiffCBPHP([0] |= ((iBIKCBPHP & 0xOF) << (iBlock * 4))

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

if ((iBIKCBPHP >> (k + 4)) & 0x01) {

iShift[4] = {0, 1, 4, 5}

CBPHP_CH_BLK

e(v)

8.7.17.4.7

iCBPHPChr = iShift[CBPHP_CH_BLK + 1]

iDiffCBPHP[k + 1] |= (iCBPHPChr << iShift[iBlock])

}

} else if INTERNAL_CLR_FMT = = YUV420) {

iDiffCBPHP([0] |= ((iBIKCBPHP & 0xOF) << (iBlock * 4))

iDiffCBPHP[1] |= (((iBIKCBPHP >> 4) & 0x01) << iBlock)

iDiffCBPHP[2] |= (((iBIKCBPHP >> 5) & 0x01) << iBlock)

} else /* Default */

iDiffCBPHP[i] |= ((iBIKCBPHP ) << (iBlock * 4))

} /* if (iCBPHP...) */

[*i/

bred CBPHP(iDiffCBPHP)

8.7.17.5.1

8.7.1

8.7.1

7.3 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_CBPHP1

} else if (iNum = = 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

}

7.4 MB_CBPHP( ) and REFINE_CBPHP( ) semantics

8.7.1

7: 4.1 NUM_CBPHP

NUM_CBPHP is a variable syntax element that specifies the number of block-groups where CBPHP residual values
CBPHP status 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 structure used to parse NUM_CBPHP is initialized to
the VLC table corresponding 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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8.7.17.4.2

Table 59 — Code table for NUM_CBPHP()

NUM_BLKCBPHP

Code 0 | Code 1 Value
1 1 0
01 000 1
001 001 2
0000 010 3
0001 011 4

NUM_BLKCBPHP is a varlable length syntax element that spec1f1es the CBPHP status of each block group where

residual CBPH 3
T, or YONLY NUM_ BLKCBPHP is coded using one of the two VLC tables spec1f1ed in Tale 60.

NCOMPONEN
Otherwise, NI
structure use
subclause 8.8

8.7.17.4.3

CHR_CBPHP i
specified in sy

UVK,

UM_BLKCBPHP is parsed using one of the two VLC tables specified in Table 61. The adaptive VLC
l to parse NUM_BLKCBPHP is initialized to the VLC table corresponding to Code 0 as‘$pecifiied in

3.4, and the structure is updated as specified in subclause 8.8.4.

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

Table 61 — Code table for NUM_BLKCBPHP
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 7
00171 0000001 8
CHR_CBPHP

b a syntax-element that specifies the chroma components have non-zero CBPHP in a block-gr
bclause8:7.17.1. 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

up as

NOTE Non-zero residual CBPHP in a) U component blocks are indicated by CHR_CBPHP = 0, b) V component blocks are
indicated by CHR_CBPHP =1, and c) both U and V component blocks are indicated by CHR_CBPHP = 2.
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8.7.17.4.4 VAL_INC

VAL_INC is a syntax element that refines the CBPHP of a block-group as specified in subclause 8.7.17.1 when
NUM_BLKCBPHP plus 1 is greater than or equal to 9. The VLC that specifies the parsing of VAL_INC is specified in
Table 62.

8.7.17.4.5 CODE_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
subclause 8.7.17.2.

8.7.17.4.6 NUM_CH_BLK
When| INTERNAL_CLR_FMT is equal to YUV444, NUM_CH_BLK 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.

Table 63 — Code table for NUM_CH_BLK

Code Value
1 0
01 1

000 2

001 3

8.7.17.4.7 CBPHP_CH_BLK
When| INTERNAL_CLR_FMT is equal to YUV422, CBRHP_CH_BLK is a syntax element that refings the chroma
CBPHP for a block-group as specified in subclause 8/7:17.1. The VLC that specifies the parsing of CBPHP_CH_BLK is
specified in Table 62.

8.7.17.4.8 REF_CBPHP1

REF_(BPHP1 is a variable size syntax element that refines the CBPHP of a block-group ag specified in
subclduse 8.7.17.1. The VLC that spécifies the parsing of REF_CBPHP1 is specified in Table 64.

Table 64 — Code table for REF_CBPHP1

Code Value
00 3
01 5
100 6
101 9
110 10
111 12

8.7.17.4.9 REF_CBPHP
REF_CBPHP is a 2-bit syntax element that refines the CBPHP of a block-group as specified in subclause 8.7.17.1.
8.7.17.5 CBPHP prediction

The CBPHP of neighbouring blocks is used to predict the CBPHP of current block as specified by subclause
8.7.17.5.1. The prediction of CBPHP in each component is performed independently. The prediction of CBPHP for
the U and V components in the YUV422 case is specified by subclause 8.7.17.5.3.The prediction of CBPHP for the U
and V components in the YUV420 is specified by subclause 8.7.17.5.4. In all other cases, the prediction of CBPHP is
specified by subclause 8.7.17.5.2. After the CBPHP of the current block is reconstructed, the CBPHP prediction
model is updated as specified by subclause 8.10.2.
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8.7.17.5.1

8.7.17.5.2

76

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)

8.7.17.5.2

if INTERNAL_CLR_FMT = =YUV422) {

MBCBPHP[MBx][MBy][1] = PredCBPHP422(1, iDiffCBPHP)

8.7.17,5:3

MBCBPHP[MBx][MBy][2] = PredCBPHP422(2, iDiffCBPHP)

8.7Z.115.3

} else if (INTERNAL_CLR_FMT = = YUV420) {

MBCBPHP[MBx][MBy][1] = PredCBPHP420(1, iDiffCBPHP)

87.17.5.4

MBCBPHP[MBx]|[MBy][2] = PredCBPHP420(2, iDiffCBPHP)

8.7.17.5.4

PredCBPHP444()

Table 66 — Pseudocode for function PredCBPHP444( )

PredCBPHP444(i, iDiffCBPHP) {

Reference

cl=0

if (i> 0)

cl=1

iCBPHP = iDiffCBPHP[i]

if (CBPHPModelHP.CBPHPStat&[c1] = = 0) {

if (IsMBLeftEdgeofTileFlag)

if (IsMBTopEdgeofTileFlag)

iCBPHP "=.1

else

iCBRHR “= ((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 "= ((iCBPHP & 0x00CC) << 6)

iCBPHP "= ((iCBPHP & 0x3300) << 2)

} else if (CBPHPModelHP.CBPHPState[c1] = = 2)

iCBPHP "= 0x0000FFFF

iNOrig = Numones(iCBPHP)

UpdateCBPHPModel(c1, iNOrig)

8.10.2

return iCBPHP
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8.7.17.5.3 PredCBPHP422()

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

8.7.17.5.4 PredCBPHP420()

Table 68 — Pseudocode for function PredCBPHP420( )

PredCBPHP420(j, iDiffCBPHP[ ]) { Reference
iCBPHP = iDiffCBPHP([i]
if (CBPHPModelHP.CBPHPStaté[1] == 0) {
if (IsMBLeftEdgeofTileFlag)
if (IsMBTopEdgeofTileFlag)
iCBPHP *=1
else
iCBPHR*= ((MBCBPHP[MBx][MBy-1][i] >>2) & 1)

else
iCBPHP "= ((MBCBPHP[MBx-1][MBy][i] >> 1) & 1)
iCBPHP "= (0x02 & (iCBPHP << 1))
iCBPHP "= ((iCBPHP & 0x3) << 2)
} else if (CBPHPModelHP.CBPHPState[1] = =2)
iCBPHP "= 0x0OF
iNOrig = Numones(iCBPHP) * 4
UpdateCBPHPModel(1, iNOrig) 8.10.2
return iCBPHP

}
8.7.18 Macroblock righ-pass

8.7.18.1 General

The presence of non-zero HP coefficients in j-th block in colour 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.
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8.7.18.2 MB_HP()

Table 69 — MB_HP( ) syntax structure

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) {

Initialize HPVLC() 8.8.3.3
InjitializeAdaptiveScanHP( ) 8.11.3
InjitializeModelMB(ModelHP, iBand) 8.12.1
}
bResqtTotals = (((MBx - LeftMBIndexOfTile[TileIndexx]) % 16) = = 0)
if (bRpsetTotals)
Ré¢setTotalsAdaptiveScanHP( ) 8.11.5

iLapMean| ] = {0, 0}
for (i F 0; i < NumComponents; i++) {
bChroma = (i > 0)

iNBlocks = 4

if(bChroma && INTERNAL_CLR_FMT = = YUV420)
iNBlocks = 1

elpe if (bChroma && INTERNAL_CLR_FMT = = YUV422)
iNBlocks = 2

iCBPHP = MBCBPHP[MBx][MBy][i]
forr (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 = 8.7.18.4
DECODE_BLOCK_ADAPTIVE(iCBPHP & 1, bChroma, i, iBlockMap)
iLapMean[bChroma] += iNumNaenZero
iCBPHP >>= 1

}

}
Mode]BitsMBHP[MBx][MBy]{0}.= ModelHP.MBits[0]

Mode]BitsMBHP[MBx][MBy]J1] = ModelHP.MBits[1]
UpdateModelMB(iLapMean[ ], ModelHP, iBand) 8.12.2
bResgtContext = (MBx= = (LeftMBIndexOfTile[TileIndexx + 1] - 1) | |
(NiBx — LeftMBIndexOfTile[TileIndexx]) % 16 = = 0)

if (bRpsetContext)

AflaptHP() 8.8.4.3
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Table 70 — MB_HP_FLEX( ) syntax structure

ISO/IEC 29199-2:2020(E)

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 = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (bInitializeContext) {

3.3

Initializ alIDVT O D)
THitaHZer—~vosty

InitializeAdaptiveScanHP( )

1.3

InitializeModelMB(ModelHP, iBand)

o (| g

2.1

}

bResetTotals = (((MBx — LeftMBIndexOfTile[TileIndexx]) % 16) = = 0)

if (bResetTotals)

ResetTotalsAdaptiveScanHP( )

iLapMean| ] = {0, 0}

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

ilndex =0

bChroma=i>0

if (i> 0)

ilndex=1

iModelBits = ModelHP.MBits[ilndex]

iNBlocks = 4

if (bChroma && INTERNAL_CLR_FMT = = YUV420)

iNBlocks = 1

else if (bChroma && INTERNAL_CLR_FMT = = YUVi422)

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][iBloek][k] = 0

iNumNonZero =
DECODE_BLOEK_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 >>=1

}

}

ModelBitsMBHP[MBx][MBy][0] = ModelHP.MBits[0]

ModelBitsMBHP[MBx][MBy][1] = ModelHP.MBits[1]

UpdateModeIMB(iLapMean] ], ModelHP, 1Band]

bResetContext = (MBx = = (LeftMBIndexOfTile[TileIndexx + 1] - 1) | |

(MBx - LeftMBIndexOfTile[TileIndexx]) % 16 = = 0)

if (bResetContext)

AdaptHP()

8.8.4.3
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8.7.184 DECODE_BLOCK_ADAPTIVE()

Table 71 — DECODE_BLOCK_ADAPTIVE( ) syntax structure

DECODE_BLOCK _ADAPTIVE(bNoSkip, bChroma, iComponent, iBlock) { Descriptor | Reference
iBand=2 /*0=DC1=LP,2=HP*/
for (i=0;i<32;i++)

iLocalCoeff[i] = 0
iLocation =1
iNumNonZero = 0
if (bNoSkip) {

INumNoerZere
DECODE_BLOCK(bChroma, iLocalCoeff[ ], iBand, iLocation)

k = iLocation

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

k +=iLocalCoeff[kk * 2]
AdaptiveHPScan(iComponent, iBlock, k, iLocalCoeff[kk * 2 + 1]) 8.11.7
k++

d
N
H
d
[4 a1

}

retiurn iNumNonZero

8.7.18.5 DECODE_BLOCK()

Table 72 — DECODE_BLOCK( ) syntax structure

DECQDE_BLOCK(bChroma, iCoeff] ], iBand, iLocation) { Descriptor | Reference
iNumNZ =1
iHirstindex = DECODE_FIRST_INDEX(bChroma, iBand) 8.7.18.8
SIGN_FLAG u(1) 8.7.14.4
iSR = (iFirstIndex & 1)
SRn = (iFirstIndex >> 2)
(Jontext = (iSR & iSRn)
if[(iFirstindex & 2)
iCoeff[1] = DECODE_ABS_LEVEL(iBand, bChroma, iContext) 8.7.13
else
iCoeff[1] =1
if(SIGN_FLAG)
iCoeff[1] = —iCoeft[1]
iCoeff[0] =0
if|(iSR==0)
iCoeff[0] = DECODE_RUN(15 - iLocation) 8.7.18.6
ocation +=-4G0€ff[0] + 1
while (iSRn¥=/0) {
iSR= (iSRn & 1)
iCoeff[iNumNZ * 2] = 0
if (ECD - — n)
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(1) 8.7.14.4
if (ilndex & 1)
iCoeff[(iNumNZ * 2) + 1] = 8.7.13
DECODE_ABS_LEVEL(iBand, bChroma, iContext)

—

—-

—-

—-
=

else
iCoeff[(iNumNZ*2)+1]=1
if (SIGN_FLAG)
iCoeff[(iNumNZ * 2) + 1] = —iCoeff[(iNumNZ * 2) + 1]
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DECODE_BLOCK(bChroma, iCoeff] ], iBand, iLocation) {

Descriptor | Reference

iNumNZ++
}
return iNumNZ
)i
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}
RunBIn[ [ ={-1,-1,-1,-1,2,72, 21, 1,1,1,0,0, 0, 0}
iRunFixedLength[]={0,0,1,1,3,0,0,1,1,2,0,0,0,0, 1}
if (iMaxRun < 5) {
iRun = 1;
if (iMaxRun !=1) {
RUN_VALUE e(v) 8.7.18.9.1
iRun = RUN_VALUE
}
}else {
RUN_INDEX e(v) 8.7.18.9.p
ilndex = RUN_INDEX + 5* iRunBin[iMaxRun]
iFixed = iRunFixedLength[ilndex]
iRun = iRemap(ilndex]
if (iFixed) {
RUN_REF u(iFixed) 8.7.18.9.8
iRun += RUN_REF
}
}
return iRun
i
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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 (Band == 1) /*LP */

if (bChroma)

if (iContext)

sAdaptVLC = DecIndLPChr1

else

sAdaptVLC = DecIndLPChr0

elsg /* Luma */

if (iContext)

sAdaptVLC = DecIndLPLum1

else

sAdaptVLC = DecIndLPLumO

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

if (pChroma)

if (iContext)

sAdaptVLC = DecIndHPChr1

else

sAdaptVLC = DecIndHPChr0

elsg /* Luma */

if (iContext)

sAdaptVLC = DecIndHPLum1

else

sAdaptVLC = DeciIndHPLumO

if (iLodation < 15) {

INDEX_A /* variable-length parse with sAdaptVLC */

ae(v) 8.7.18.9.4

/* update the discriminants for sAdaptVLC */

sAdaptVLC.DiscrimVall +=
Index1Delta[sAdaptVLC.DeltaTableIndex] INDEX_A]

Table 88

sAdaptVLC.DiscrimVal2 +=
Index1Delta[sAdaptVLC.Delta2TableIndex|[INDEX_A]

Table 88

ilnflex = INDEX_A

} else if (iLocation = = 15) {

INIDEX_B

e(v) 8.7.18.9.5

ilnflex = INDEX_B

} else

INDEX_C_FLAG

u(1) 8.7.18.9.6

ilnfex = INDEX_C_ELAG

}

returnlilndex

82
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8.7.18.8 DECODE_FIRST_INDEX()

Table 75 — DECODE_FIRST_INDEX( ) syntax structure

DE

CODE_FIRST_INDEX(bChroma, iBand) {

Descriptor

Reference

/* sAdaptVLC is local instance of AdaptiveVLC data structure */

if (iBand = = 1) /*LP */

if (bChroma)

sAdaptVLC = DecFirstindLPChr

else /* Luma */

sAdaptVLC = DecFirstindLPLum

20 k1IN k /
Z) ] I 7

1 £ 0D |
CISCIT o ama = =

if (bChroma)

sAdaptVLC = DecFirstindHPChr

else /* Luma */

sAdaptVLC = DecFirstindHPLum

FIRST_INDEX /* Decode with sAdaptVLC */

ae(v)

§.7.18.9.7

/* update Discriminants for sAdaptVLC */

sAdaptVLC.DiscrimVall +=
FirstindexDelta[sAdaptVLC.DeltaTableIndex][FIRST_INDEX]

Table 87

sAdaptVLC.DiscrimVal2 +=
FirstindexDelta[sAdaptVLC.Delta2TableIndex][FIRST_INDEX]

Table 87

return 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 is present when iMaxRun is greater than 1 apd iMaxRun is

less than 5. It specifies the value of run. If iMaxRun is equal to 2, the parsing of RUN_VALUE i
76. Otherwise, if iMaxRun is equal to 3, the“parsing of RUN_VALUE is specified by Table 77.

Table
iMaxR

un is equal to 4), the parsing of RUN_VALUE is specified 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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RUN_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

8.7.18.9.3

RUN_REF is a
size of the RU

8.7.18.9.4
INDEX A is a

range of 0 to
determined af

Code Value
1 0
01 1
001 2
UuUuvvu 5]
0001 4

RUN_REF

fixed-length syntax element that specifies the value of iRun in subclause 8.7.18,6(The presen
N_REF syntax element is indicated by iFixed, as specified in subclause 8.7.18.6.

INDEX_A
variable-length syntax element that is present when iLocation is dess*than 15. It has a value
5, inclusive. The coding of this symbol uses one of four tableS~The choice of table is adap

specified in subclause 8.8.4. The VLC tables are specified in Table 80.

Table 80 — Code table for INDEX_A

Code 0 | Code1 | Code2 | Code 3 Value
1 01 0000 00000 0
00000 | 0000 0001 00001 1
001 10 01 01 2
00001 | 0001 10 1 3
01 11 14 0001 4
0001 001 001 001 5

INDEX_A jointly codes the following two events:

— The binary
follows:
— If (IND|
— Otherwj

— The ternat
coefficient|

event of whether the magnitude of the next non-zero coefficient is equal to 1 or greater tha

EX A & 1) is equal’to 0, this magnitude is equal to 1.

se, this magnitude is greater than 1.

y of event whether this coefficient is the last coefficient in the block, and if there are more noi
5, whether the run before the next non-zero coefficient is zero or non-zero, as follows:

e and

in the
tively

h1as

1-Zero

— If (IND

X _A>>1)1s equal to 0, this coefficient 1s the last coefficient in the block.

— Otherwise, if INDEX 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 non-zero.

NOTE ThuslI

8.7.18.9.5

NDEX_A has an alphabet size of 2*3= 6.

INDEX_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.

84
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Table 81 — Code table for INDEX_B

Code Value
0 0
10 2
110 1
111 3

INDEX_B jointly codes the following two events:

— The binary event of whether the magnitude of the next non-zero coefficient is equal to 1 or greater than 1 as

fol

OJALS:

co

NOTE
8.7.1

INDE}
subse

8.7.1
FIRST|

this sy
8.8.4.

If INDEX B & 1) is equal to 0, this magnitude is equal to 1.

Otherwise, this magnitude is greater than 1.

bfficients, 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.

Thus INDEX_B has an alphabet size of 2*2= 4.

8.9.6 INDEX_C_FLAG

quent run/level symbols.

8.9.7 FIRST_INDEX

| INDEX is a variable-length syntax element that has a value in the range of 0 to 11, inclusive.
ntax element uses one of five tables-The choice of table is adaptively determined as specifie

The VLC tables are specified in Table 82.

Table 82 — Code table for FIRST_INDEX

e binary event of whether this coefficient is the last coefficient in the block orif-there are more non-zero

{_C_FLAG is a 1-bit syntax element that is present when'iLocation is equal to 16. It specifies the presence of

The coding of
l in subclause

Cade 0 Code 1 Code 2 Code 3 Code 4 Value
Q000 1 0010 11 001 010 0
0000 01 00010 001 11 1 1
0000 000 | 000000 [ 0000 000 | 0000000 | 0000001 2
0000 001 [ 000001 | 0000001 | 00001 0001 3
00100 0011 00001 00010 0000010 4
010 010 010 010 011 5
00101 00011 0000010 | 0000 001 [ 0000 0000 | 6
1 11 011 011 0010 7
00110 011 100 00011 0000011 8
0001 100 101 100 0011 9
00111 0000 1 0000011 | 000001 00000001 | 10
011 101 0001 101 00001 11
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FIRST_INDEX

jointly codes the following three events:

— The 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.

— Otherw

ise this run is zero.

— The binary event of whether the magnitude of the first non-zero coefficient is equal to 1 or greater than 1 as

follows:

— If (FIRST_INDEX & 2) is equal to 0, this magnitude is equal to 1.

— Other
— The terna
zero coeffi
— If (FIRS
— Otherw
— Otherw

ST, this Magnitude {5 greater thamn 1.

BT INDEX >> 2) is equal to 0, the first coefficient is the last coefficient in the block.
se, if (FIRST_INDEX >> 2) is equal to 1, the run before the next non-zero coefficient is zero.

se ((FIRST_INDEX >> 2) is equal to 2), the run before the next non-zero coefficient is non-zero.

y event of whether the first coefficient is the last coefficient in the block, and if there are.mer¢ non-
rients whether the run before the next non-zero coefficient is zero or non-zero, as follows.

NOTE  Thus FIRST_INDEX has an alphabet size of 2*3*3 = 12.
8.7.19 Macroblock FLEXBITS
8.7.19.1 MB_FLEXBITS()
Table 83 — MB_FLEXBITS( ) syntax structure
MB_FLEXBITS() { Descriptor Reference
/*[IsCurrPlaneAlphaFlag is equal to TRUE for parsingalpha image plane,
and IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary
image plane */
iHlerScanOrder[]1={0,1,4,5,2,3,6,7,8,9,12,13,10,11, 14,15}
fort (i = 0; i < NumComponents; i++) {
ilndex=0
if (i>0)
ilndex=1
iModelBits = ModelBitsMBHP[MBx][MBy][ilndex]
iNBlocks = 4
if ((ilndex = = 1) & INTERNAL_CLR_FMT = = YUV420))
iNBlocks =d
else if (ilndex'&& (INTERNAL_CLR_FMT = = YUV422))
iNBlocks.= 2
for (iBlock= 0; iBlock < iNBlocks * 4; iBlock++) {
iBlockMap = iBlock
if (iNBlocks = = 4)
iBtockMap—=tHierScanmOrderfiBlock}
BLOCK_FLEXBITS(i, iBlockMap, iModelBits, TRIM_FLEXBITS) 8.7.19.2
}
}
}
NOTE Informative remarks related to this subclause are provided in subclause D.9.
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8.7.19.2 BLOCK_FLEXBITS()

Table 84 — BLOCK_FLEXBITS( ) syntax structure

BLOCK_FLEXBITS(iComponent, iBlock, iModelBits, iTrimFlexBits) { Descriptor | Reference
iTranspose444[]1={0,4,8,12,1,5,9,13,2,6,10,14,3,7,11,15}
iFlexBitsLeft = iModelBits — iTrimFlexBits
if (iFlexBitsLeft < 0)
iFlexBitsLeft = 0
if (iFlexBitsLeft)
for (n=1;n < 16; n++)
HPInputFlex[iComponent][iBlock][iTranspose444[n]]= 8.7.19.3
DECODE_FLEX(HPInputVLC[iComponent][iBlock][iTranspose444[n]],
iFlexBitsLeft) << iTrimFlexBits

8.7.1P.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 (iVLCCoeff > 0)
iFlexCoeff = FLEX_REF
else if (iVLCCoeff < 0)
iFlexCoeff = —FLEX_REF
else {
iFlexCoeff = FLEX_REF
if (iFlexCoeff) {
SIGN_FLAG u(1) 8.7.14.4
if (SIGN_FLAG)
iFlexCoeff = —iFlexCoeff

}

}

return iFlexCoeff

}
8.7.1p.4 FLEXBITS semantics

8.7.19.4.1 FLEX_REF

FLEX |REF is a syntax element that specifies the flexbits part of the HP coefficient. The size of this synftax element is
specified by iFlexBits:

8.8 Adaptive VLC code table selection

8.8.1| «eneral

Adaptive VLC Table Selection is a process by which the entropy coding method adapts to image statistics and thus
provides better compression. First, a small number of representative VLC tables are predefined. These tables are
designed so as to be suitable for a wide range of statistics. During the entropy coding process, the most
appropriate code table is selected based on the history of recently-coded symbols. The VLC tables and the
information required for adaptation are precomputed as follows

Let the set of VLC tables be: vT1, vT2, .., vTn where the ordering of the tables is predefined based on their relative
similarity. That is vT1 and vT2 exhibit greater similarity to each other than vT1 and vT3 do to each other. The
measure of similarity between tables can be qualified by using relative entropy. Let table vTi be a VLC table used
for entropy coding of symbol iX, and let vTj and vTk be the two nearest tables (in terms of similarity). For each
value of symbol iX, a metric deltaDisc estimating the relative advantage of coding this value using table vTj or
table vTk instead of table vTi is precomputed and stored in tables vTi.DeltaTableIndex and vTi.Delta2Tablelndex.
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This deltaDisc is positive if this symbol is more efficiently coded by the new table instead of the current table. This
deltaDisc is negative if this symbol is less efficiently coded by the new table instead of the current table. For
example, if a given value of the symbol requires 3 bits in the new table, while it requires 5 bits in the current table,
this value is more efficiently coded in the new table and the 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
AdaptVLCTable1() (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

o o - lcoriraamnantc axn racat

current table caracttalhla 1t ara ic

As the discrin
there is no nd
only two codd
these cases as

NOTE Inforn

8.8.2 Adaptive VLC deltaDisc tables

When a synta
AdaptiveVLC

deltaDisc. Thd
Table current
are two discri

Based on the

syntax elemeft, a distinct collection of tables of deltaDis¢walues are defined; in the sequel these tables v

called deltaDi
each syntax e
1 deltaDisc ta
- 2 inclusive)
(Delta2Table]
current macrd

The syntax el

syntax element's code table. Foryeach of these values, there is defined an associated deltaDisc value. In thi

when the synf
specified as fi
instance):

— sAdaptVL

Zero.

francitios o o afth o A
or-te-transitiente-ene-ofthe nearesttableHthereis
roder,
re are
red in

ninants are computed based on previously coded symbols both at the encoder and at thelde
ed for additional side information to signal the selected VLC. For coding some symboals, the

tables, and there is only one possible transition. The adaptation complexity is further redu
there is only the DeltaTableIndex and only one discriminant is required.

hative remarks related to this subclause are provided in subclause D.9.

x element is parsed using a VLC having a code table that can be“adaptively selected, the assofiated
ata structure's member variables DiscrimVall and DiscrimVal2 are modified by adding an amount

specific value of this deltaDisc is dependent on the syntax element being parsed, the VL{J Code
y being used to parse this syntax element, the current¥alue of this syntax element, and (when|there
minants) which discriminant is being modified.

" each
vill be
es for
re N -
and N
Index
or the

e factors, the appropriate values of deltaDisc ar€ specified by collecting them in tables. Fo

sc tables. A syntax element which is parsed‘using adaptive VLC tables will have N code tabl
ement, for some positive integer N > 1df there are N code tables for a syntax element, there a
bles (one deltaDisc table for switching\between code tables i and i + 1, for i ranging between 0
The AdaptiveVLC data structuresdssociates to DiscrimVall the associated variable DeltaTablg
ndex for DiscrimVal2); DeltaTableIndex defines which of the N - 1 deltaDisc tables is in use f
block.

ement itself takes valties between 0 and M - 1, where M represents the number of entries in this
b way,
ax element take$ the value iVal, the modification of an AdaptiveVLC data structures discrimingnts is
llows (here,.sAdaptVLC is a local variable used in place of particular AdaptiveVLC data striicture

C.DiscrimVall is incremented by deltaDisc[sAdaptVLC.DeltaTableIndex][iVal].

ltaDisc

— sAdaptVL

DiserimVal2 isincremented by de

[sAdantVLC Delta2Tablelndexl V4]l
SAGAPHVE o eHa s abieRaeXx -t

Table 86, Table 87, Table 88, Table 89, Table 90, and Table 91 specify the set of deltaDisc code tables for adaptive
VLC syntax elements.

For the syntax element ABS_LEVEL_INDEX (subclause 8.7.14.5), there is one deltaDisc table for switching between

Code Tables 0

88

and 1, as specified in Table 86.
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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

-2:2020(E)

For tY
a diff
specif

For th

e syntax element FIRST_INDEX (subclause 8.7.18.9.7), there are four Delta tables, with the tah
brent deltaDisc value for each DeltaTableIndex and each value of FIRST_INDEX; the deltaD
jed in Table 87.

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 0 0 0 0
6 0 -2 0 -1
7 -1 -1 0 -1
8 2 0 -2 -2
9 1 0 0 -1

10 0 -2 1 -2
11 0 -1 1 -2

For th

e syntax element INDEX_A (subclause'8.7.18.9.4),

there are three Delta tables, as specified by 7]

Table-88 — Constant table Index1Delta|m][n]

Index'value Value for Value for Value for
n m=0 m=1 m=2
0 -1 -2 -1
1 1 0 -1
2 1 0 0
3 1 2 1
4 0 0 -2
5 1 0 0

essyntax element NUM_CBPHP (subclause 8.7.17.4.1), there is one deltaDisc table for switd

le associating
sc values are

able 88.

hing between

Code Tables 0 and 1 as specified in Table 89.

Table 89 — Constant table NumCBPHPDelta[m][n]

© ISO/IEC 2019 - All rights reserved

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

For all other
deltaDisc tabl

8.8.3 Initi;
The relevant
initialized by
specified in {
CBPHP is initi

These functig
specified in sy

NOTE Initial

Index value Value for
n m=0
0 0
1 -1
2 0
3 1
4 1

values of INTERNAL_CLR_FMT, the code table for NUM_BLKCBPHP has nine-Symbols, arf
b is specified by Table 91.

Table 91 — Constant table NumBIkCBPHPDelta
for INTERNAL_CLR_FMT other than
YONLY, NCOMPONENT, and YUVK

Value for
m=0
2
2
1
1
-1
-2
-2
-2
-3

Index value

RIN|ON || WIN[(=O]=

hlization
hdaptive VLC data structures that are associated with each of the three bands DC, LP and K

ubclauses 8.8.3.1, 8:8:3.2, and 8.8.3.3, respectively. The adaptive VLC structure associated
hlized by the funetion' InitializeCBPHPVLC( ) that is specified in subclause 8.8.3.4.

ns in turn make use of the functions InitializeVLCTable1() and InitializeVLCTable2( ) whi
bclauses8:8:3.5 and 8.8.3.6, respectively.

zeVLCTablel( ) is used for initializing VLC code tables when there are exactly two code tables. If thg

more than two

rodé table tables, InitializeVLCTable2( ) is used.

8.8.3.1 InitializeDCVLC()

90

Table 92 — Pseudocode for function InitializeDCVLC()

InitializeDCVLC() { Reference
AbsLevellndDCLum = InitializeVLCTable1(AbsLevellndDCLum) 8.8.3.5
AbsLevellndDCChr = InitializeVLCTable1(AbsLevellndDCChr) 8.8.3.5

}

d the

P are

the functions InitializeDCVLC( ), InitializeLPVLC(), and InitializeHPVLC(). These functions are

with

h are

re are
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8.8.3.2 InitializeLPVLC()

Table 93 — Pseudocode for function InitializeLPVLC( )

8.8.3

8.8.3

8.8.3

Initialize LPVLC( ) { Reference
DecFirstindLPLum = InitializeVLCTable2(DecFirstindLPLum) 8.8.3.6
DecIndLPLumO = InitializeVLCTable2(DecIndLPLum0) 8.8.3.6
DecIndLPLum1 = InitializeVLCTable2(DecIndLPLum1) 8.8.3.6
DecFirstIndLPChr = InitializeVLCTable2(DecFirstindLPChr) 8.8.3.6
DecIndLPChrO0 = InitializeVLCTable2(DecIndLPChr0) 8.8.3.6
DecIndLPChr1 = InitializeVLCTable2(DecIndLPChr1) 8.8.3.6
AbskevelndbP0=1tnitializeVE€TabletH{AbskevelndEP 6} 8:835
AbsLevellndLP1 = InitializeVLCTable1(AbsLevellndLP1) 8.8.3.5

}

3 InitializeHPVLC()

Table 94 — Pseudocode for function Initialize HPVLC( )

InitializeHPVLC( ) { Reference
DecFirstindHPLum = InitializeVLCTable2(DecFirstindHPLum) 8.8.3.6
DecIndHPLumO = InitializeVLCTable2(DeciIndHPLumO) 8.8.3.6
DecIndHPLum1 = InitializeVLCTable2(DecindHPLum1) 8.8.3.6
DecFirstindHPChr = InitializeVLCTable2(DecFirstindHPChr) 8.8.3.6
DecIndHPChro = InitializeVLCTable2 (DecIndHPChr0) 8.8.3.6
DecIndHPChr1 = InitializeVLCTable2 (DecIndHPChr1) 8.8.3.6
AbsLevellndHPO = InitializeVLCTable1(AbsLevellndHPO) 8.8.3.5
AbsLevellndHP1 = InitializeVLCTable1(AbsLevellndHP1) 8.8.3.5

}

4 InitializeCBPHPVLC()

Table 95 — Pseudocode for function InitializeCBPHPVLC()

InitializeCBPHPVLC( ) { Reference
DecNumCBPHP = InitializeVLCTable1(DecNumCBPHP) 8.8.3.5
DecNumBIkCBPHP =InitializeVLCTable1(DecNumBIkCBPHP) 8.8.3.5

)

5 InitializeVLCTable1()

TFable 96 — Pseudocode for function InitializeVLCTable1()

InitializeVLCTable1(sAdaptVLC) {

Reference

/* sAdaptVLC is an instance of the AdaptiveVLC data structure */

sAdaptVLC.Tablelndex = 0

sAdaptVLC.DeltaTableIndex = 0

sAdaptVLC.DiscrimVall = 0

Teturn SAdaptvLc

© ISO/IEC 2019 - All rights reserved
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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.Tablelndex = 1

sAdaptVLC.DeltaTablelndex = 0

sAdaptVLC.Delta2Tablelndex = 1

sAdaptVLC.DiscrimVall = 0

sAdaptVLC.DiscrimVal2 = 0

A 94 Wal

4 Ad
retarirSsIxaaptv e

}

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, LP and H
updated by the functions AdaptDC( ), AdaptLP(), and AdaptHP( ), respectively. The pseudogode for the fun
AdaptDC( ), AfaptLP( ), and AdaptHP( ) are specified in subclause 8.8.4.1, subclause 8.8.4.2)\and subclause 8

respectively:

The functiony AdaptLP() and AdaptHP() perform the updates by using the funetions AdaptVLCTablel(

AdaptVLCTabje2( ) which are specified in subclauses 8.8.4.4 and 8.8.4.5.
8.8.4.1 AdaptDC()

Table 98 — Pseudocode for functionAdaptDC( )

8.8.4.2 AdaptLP()

AdaptDC() { Reference
AbsLevellndDCLum = AdaptVLCTable1(AbskevellndDCLum) 8.8.4.4
AbsLevellndDCChr = AdaptVLCTable1(AbsLevellndDCChr) 8.8.4.4

}

Table 99 — Pseudocode for function AdaptLP()

AdaptLP() { Reference
DecFirstindLPLum =.AdaptVLCTable2(DecFirstindLPLum, 4) 8.8.4.5
DecIndLPLum@ =-AdaptVLCTable2(DecIndLPLum0, 3) 8.8.4.5
DecIndLPLum1/= AdaptVLCTable2(DecIndLPLum1, 3) 8.8.4.5
DecFirstindEPChr = AdaptVLCTable2(DecFirstindLPChr, 4) 8.8.4.5
DecIndEPChr0 = AdaptVLCTable2(DecIndLPChr0, 3) 8.8.4.5
DeendLPChr1 = AdaptVLCTable2(DecIndLPChr1, 3) 8.8.4.5
AbsEevellndLP0O = AdaptVLCTable1(AbsLevellndLP0) 8.8.4.4
AbsLevellndLP1 = AdaptVLCTable1(AbsLevellndLP1) 8.8.4.4

P are
ctions
.8.4.3,

) and
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8.8.4.3 AdaptHP()

Table 100 — Pseudocode for function AdaptHP()

8.8.4

Adapt
index
the se|

AdaptHP() { Reference
DecFirstindHPLum = AdaptVLCTable2(DecFirstindHPLum, 4) 8.8.4.5
DecIndHPLumO = AdaptVLCTable2(DeciIndHPLumO, 3) 8.8.4.5
DecindHPLum1 = AdaptVLCTable2(DeciIndHPLum1, 3) 8.8.4.5
DecFirstindHPChr = AdaptVLCTable2(DecFirstindHPChr, 4) 8.8.4.5
DecIndHPChr0 = AdaptVLCTable2(DecIndHPChro, 3) 8.8.4.5
DecIndHPChr1 = AdaptVLCTable2(DecindHPChr1, 3) 8.8.4.5
AbskevelndHPO-=Adapt¥LctabletAbskevelndHP 63 8:8-44
AbsLevellndHP1 = AdaptVLCTable1(AbsLevellndHP1) 8.8.4.4
DecNumCBPHP = AdaptVLCTable1(DecNumCBPHP) 8.8.4.4
DecNumBIKkCBPHP = AdaptVLCTablel(DecNumBIkCBPHP) 8.8.4.4

}

4 AdaptVLCTablel()

[VLCTablel( )is used for choosing VLC code tables when there are exactly two code tables. In
Tablelndex takes only the values 0 or 1, and there is only one parameter (DiscrimVall) whi
lection of VLC code tables. DeltaTablelndex takes only the value 0, and\there is only the one deltaDisc table.

Table 101 — Pseudocode for function AdaptVLCTable1()

this case, the
h determines

AdaptVLCTable1(sAdaptVLC) {

Reference

/* sAdaptVLC is an instance of the AdaptiveVLCdata structure */

iMaxTableIndex = 1 /* Only two code tables */

cLowerBound = -8

cUpperBound = 8

/* sAdaptVLC.DeltaTableIndex = 0, since only 2 code tables */

if (sAdaptVLC.DiscrimVall < cLowerBound &&
sAdaptVLC.Tablelndex != 0){

sAdaptVLC.Tablelndex-.=

sAdaptVLC.DiscrimVall = 0

} else if (sAdaptVLC.DjscrimVall > cUpperBound &&
sAdaptVLC.TabléIndex != iMaxTableIndex ) {

sAdaptVLC.TableIndex++

sAdaptVLC.DiscrimVall = 0

1 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

i
J

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 TableIndex 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/IEC 2019 - All rights reserved
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8.9

8.9.1 Gend

Table 102 — Pseudocode for function AdaptVLCTable2()

AdaptVLCTable2(sAdaptVLC, iMaxTablelndex) {

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.Tablelndex !=0) {

sAdaptVLC.TableIndex- -

bChange = TRUE

} else if (iDiscrimHigh > cUpperBound &&
sAdaptVLC.Tablelndex |= iMaxTablelndex ) {

sAdaptVLC.Tablelndex++

bChange = TRUE

}

if (bChange) {

sAdaptVLC.DiscrimVall = 0

sAdaptVLC.DiscrimVal2 = 0

if (sAdaptVLC.TableIndex = = iMaxTableIndex) {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.TableIndex - 1

sAdaptVLC.Delta2TableIndex = sAdaptVLC.TableIndex - 1

} else if (sAdaptVLC.Tablelndex = = 0) {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.TableIndex

sAdaptVLC.Delta2Tablelndex = sAdaptVLC.Tablelndex

} else {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.TableIndex - 1

sAdaptVLC.Delta2TableIndex = sAdaptVLC:TdbleIndex

}

} else { /* no change to table, but clip the discrithinant */

if (sAdaptVLC.DiscrimVall < -64)

sAdaptVLC.DiscrimVall = -64

if (sAdaptVLC.DiscrimVall > 64)

sAdaptVLC.DiscrimVall = 64

if (sAdaptVLC.DiscrimVal2's*-64)

sAdaptVLC.DiscrimVal2 = -64

if (sAdaptVLC.DiscrimVal2 > 64)

sAdaptVLC.RiscrimVal2 = 64

}

return sAdaptVLC

)

Adajptation©f CBPLP state variables

ral

The parsing of CBPLP depends on the value of the variables CountZeroCBPLP and CountMaxCBPLP. The functions
specified in this subclause specify the initialization and updating of these constants.

94
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The variable CountZeroCBPLP and CountMaxCBPLP for LP coefficients are initialized by the function

InitializeCountCBPLP( ) specified in Table 103.

Table 103 — Pseudocode for function InitializeCountCBPLP()

InitializeCountCBPLP( ) {

Reference

CountZeroCBPLP =1

CountMaxCBPLP =1

}

8.9.3[ UpdateCountCBPLP()

The function UpdateCountCBPLP( ) updates the variables CountZeroCBPLP and CountMaxCBRLP. The pseudocode

for this function is specified in Table 104.

Table 104 — Pseudocode for function UpdateCountCBPLP()

UpdateCountCBPLP(iCBPLP, iMax) {

Reference

CountZeroCBPLP +=1 - (4 * (iCBPLP = = 0))

CountZeroCBPLP = Max(-8, Min(7,CountZeroCBPLP))

CountMaxCBPLP += 1 - (4 * (iCBPLP = = iMax))

CountMaxCBPLP = Max(-8, Min(7,CountMaxCBPLP))

}

8.10| Adaptive CBPHP prediction

CBPHP prediction depends on the value of member varidbles of the data structure instance CBPHPModelHP. The
functipns specified in this subclause specify the initialization and updating of this data structure.

8.10.1 InitializeCBPHPModel()

The data structure instance CBPHPModelHP is initialized in the function InitializeCBPHPModel(|) specified in

Table(105.

Table 105 <</Pseudocode for function InitializeCBPHPModel( )

InitializeCBPHPModel() {

Reference

CBPHPModelHP.CBPHPState[0] = CBPHPModelHP.CBPHPState[1] = 0

CBPHPModelHP.CountOnes[0]

CBPHPModelHP.CountOnes[1] = -4

CBRHPModelHP.CountZeroes[0] = CBPHPModelHP.CountZeroes[1] = 4

© ISO/IEC 2019 - All rights reserved
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8.10.2 UpdateCBPHPModel()

The variables associated with the data structure instance CBPHPModelHP are updated by the function
UpdateCBPHPModel( ) as specified in Table 106.

Table 106 — Pseudocode for function UpdateCBPHPModel( )

UpdateCBPHPModel(i, iNOrig) {

Reference

iNDiff = 3

CBPHPModelHP.CountOnes|[i] += iNOrig - iNDiff

CBPHPModelHP.CountOnes[i] = Clip(CBPHPModelHP.CountOnes[i], -16,15)

CBPHPModetiP-CountZeroesfit =16 —1INOrig=1NDiff

CBPHPModelHP.CountZeroes[i] = Clip(CBPHPModelHP.CountZeroesJi], =16, 15)

if (CBPHPModelHP.CountOnesJi] < 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

)

8.11

The parsing
scanning tabl

specified in this subclause define the initialization and updating ef-these tables.

8.11.1 Adaptive inverse scanning tables

The inverse §
represent the
example list Ij
the block in tH

The three list
the inverse sc
and HP coeffi
specified belg
statistics of nd

The three list
specified in g

Adalptive inverse scanning

es LowpassScanOrder(i], HighpassHorScanOrder[i],"and HighpassVerScanOrder[i]. The fun

order in which a given transform™coefficient is parsed from the codestream, and let thg
e j-th position in raster scan,order, where j is equal to listScanOrderf(i].

b LowpassScanOrder][ ], HighpassHorScanOrder| |, and HighpassVerScanOrder|[ ], are used to s
anning order of LP ceefficients, HP coefficients in the case of prediction from the left (subclaus
ients in the case of prediction from the top, respectively. These lists are initialized to scan ord
w. However, the\lists are adaptive, and thus may change over the course of parsing, based
n-zero transferm coefficients in the codestream.

s LowpassScanOrder][ ], HighpassHorScanOrder|[ ], and HighpassVerScanOrder[ ] are initializ
ubclauses 8.11.2 and 8.11.3. The initial orders are specified by the two lists ScanOrder0]

f syntax elements corresponding to LP and HP coefficients depends on the state of the igverse

ctions

canning order of transform coefficients’is a permutation of the integers 1 to 15. Let the intleger i

local

stScanOrder][ ] specify an inverse*seanning order as follows: the i-th transform coefficient is piit into

pecify
e 9.6),
ers as
n the

ed as
] and

ScanOrder1[ ]|, whiich are specified by Table 107.
Table 107 — Definitions of ScanOrder0 and ScanOrder1
i 1 2 3 4 5 6 7 8 9 1 1 1 1 1 1
0 1 2 3 4 5
ScanOrderO[i] 4 1 5 8 2 9 6 12 3 10 | 13 7 14 | 11 | 15
ScanOrder1[i] 1 2 5 4 3 6 9 8 7 12|15 |13 |10 | 11 | 14

Each of the lists LowpassScanOrder[], HighpassHorScanOrder[] and HighpassVerScanOrder[] also has an
associated list that determines how the scan order is updated. These corresponding lists are LowpassTotals][ ],
HighpassHorTotals[ ], and HighpassVerTotals|[ ], respectively. These associated lists are initialized to be equal to
the list ScanTotals[ ], which is specified by Table 108.
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Table 108 — Definition of ScanTotals

i 1 2 3 4 5 6 7 8 9 |10 |11 |12 |13 |14 | 15

ScanTotals[i] 32 (30128 |26|24|22(20|18 |16 |14 | 12|10 | 8 6 4

The three lists LowpassScanOrder[ ], HighpassHorScanOrder|[ ], and HighpassVerScanOrder[] are updated as
specified in subclause 8.11.

8.11.2 InitializeAdaptiveScanLP()

The a
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.JL
}
}

8.11.3 InitializeAdaptiveScanHP()

The aflaptive inverse scanning tables for HP coefficients are initialized in the function InitializeAdagtiveScanHP( )
specified in Table 110.

Table 110 — Pseudocode for fun¢tion InitializeAdaptiveScanHP( )

InitializeAdaptiveScanHP( ) { Reference
for (i=1;i<=15;i++){
HighpassHorScanOrder([i] = ScanOrder0[i] ScanOrder0[i] specified in subclause 8.1]1.1
HighpassVerScanOrder[i] = ScanOrder1[i] ScanOrder1][i] specified in subclause 8.1]1.1
HighpassHorTotals[i] = ScanTotals[i] ScanTotals[i] specified in subclause 8.11.1
HighpassVerTotals[i] ='SeanTotals[i] ScanTotals[i] specified in subclause 8.11.1

}
8.11.4 ResetTotalsAdaptiveScanLP()

The list LowpassTaotals’/of the adaptive inverse scanning tables for LP coefficients is reset in| the function
Reset[otalsAdaptiffeScanLP( ) specified in Table 111.

Table 111 — Pseudocode for function ResetTotalsAdaptiveScanLP()

ResetTotalsAdaptiveScanLP() { Reference
forfi—t1<=15;71)
LowpassTotals[i] = ScanTotals[i] ScanTotals[i] specified in subclause 8.11.1
}
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8.11.5 ResetTotalsAdaptiveScanHP()

The lists HighpassHorTotals and HighpassVerTotals of the adaptive inverse scanning tables for HP coefficients are
reset in the function ResetTotalsAdaptiveScanHP( ) specified in Table 112.

Table 112 — Pseudocode for function ResetTotalsAdaptiveScanHP()

ResetTotalsAdaptiveScanHP( ) { Reference
for (i=1;i<=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
J
i

8.11.6 AdaptiveLPScan()

The function|AdaptiveLPScan() updates the list LPInput[Kk], and also updates the variablésyassociated with
tracking and modifying the LP scan order LowpassScanOrder(i] as specified in Table 113.

Table 113 — Pseudocode for function AdaptiveLPScan(})

AdaptiveLPScan(n, i, iValue) { Reference

k = LowpassScanOrder]i]

LPInput[n][Kk] = iValue

LowpassTotals[i]++

if ((i > 1) && (LowpassTotals[i] > LowpassTotals[i-1])) {
valueTemp = LowpassTotals][i]
LowpassTotals[i] = LowpassTotals[i-1]
LowpassTotals[i-1] = valueTemp
valueTemp = LowpassScanOrderfi]
LowpassScanOrder[i] = LowpassScanOrderfi~1]
LowpassScanOrder[i-1] = valueTemp

}
8.11.7 AdaptiveHPScan()

The function|AdaptiveHPScan() updates:the list HPInputVLC[iComponent][iBlock][K], and also updat¢s the
variables asdociated with tracking' and modifying the HP scan orders HighpassHorScanOrder[i] and

HighpassVerScanOrder([i] as specifiedin Table 114.
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Table 114 — Pseudocode for function AdaptiveHPScan()

AdaptiveHPScan(iComponent, iBlock, i, iValue) {

Reference

if (MBHPMode = = 1) { /* vertical scan order */

k = HighpassVerScanOrderf(i]

HighpassVerTotals[i]++

HPInputVLC[iComponent][iBlock][k] = iValue

if((i>1) &&
(HighpassVerTotals[i] > HighpassVerTotals[i-1])) {

valueTemp = HighpassVerTotals[i]

HighpassVerTotals[i] = HighpassVerTotals[i-1]

HighpassVerTotals[i-1] = valueTemp

valueTemp = HighpassVerScanOrderfi]

HighpassVerScanOrder[i] = HighpassVerScanOrder[i-1]

HighpassVerScanOrder[i-1] = valueTemp

}

} else { /* horizontal scan order */

k = HighpassHorScanOrder(i]

HighpassHorTotals[i]++

HPInputVLC[iComponent][iBlock][k] = iValue

if((i>1) &&
(HighpassHorTotals[i] > HighpassHorTotals[i-1])) {

valueTemp = HighpassHorTotals[i]

HighpassHorTotals[i] = HighpassHorTotals[i-1]

HighpassHorTotals[i-1] = valueTemp

valueTemp = HighpassHorScanOrder[i]

HighpassHorScanOrder][i] = HighpassHorScanOxder[i-1]

HighpassHorScanOrder[i-1] = valueTemp

}

oked only after the completionof the LP transform coefficient parsing process.

See subclause 9.6 for more information.

Adaptive coefficient normalization

J1 InitializeModelMB( )

ariable MBHPMode is computed during the HP prediction direction computation procesg specified in
use 9.6.3.2. The scan order is selected based on the value of the variable MBHPMode. AdagtiveHPScan( )
only be invoked on a macroblocky after the HP prediction direction computation procesf specified in
use 9.6.3.2 has been invoked and completed for this macroblock. The HP prediction directior] process shall

The initialization of the Model data structure is specified by the function InitializeModelMB() gqs specified in

Table

115.

Table 115 — Pseudocode for function InitializeModelMB( )

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

)

8.12.2 UpdateModelMB()

The adaptation of the Model data structure is specified by the function UpdateModelMB() as specified in

Table

116.
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Table 116 — Pseudocode for function UpdateModelMB( )

UpdateModelMB(iLapMean| ], Model, iBand) { Reference
/* INTERNAL_CLR_FMT is the colour format of the image */
/* iBand is the frequency band (DC=0,LP=1, HP=2)*/
iModelWeight = 70
iWeight0[3] = {240 /*DC*/, 12 /*LP*/, 1}
iWeight1[3][MAX_COMPONENTS] = {
{0, 240, 120, 80, 60, 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}

iWeight2[6] = {120, 37, 2 /*YUV420*/,120, 18,1 /*YUV422*/}
iLhpMean[0] *= iWeight0[iBand]
if INTERNAL_CLR_FMT = = YUV420)
iLapMean|[1] *= iWeight2[iBand]
elge if INTERNAL_CLR_FMT = = YUV422)
iLapMean[1] *= iWeight2[3 + iBand]
elge {
iLapMean[1] *= iWeight1[iBand][NumComponents - 1]
if (iBand = = 2)
iLapMean[1] >>= 4

iNumModels = 2
if INTERNAL_CLR_FMT = = YONLY)
iNumModels = 1
fof (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 (iMS < -8)
if (Model. MBits[j] = = 0)
iMS =-8
else {
iMS=0
Model. MBits[j]- -

=

}
} else if (iDelta, >=.8) {
iDelta -=
if (iDelta > 15)
iDelta=15
iMS += iDelta
if (iMS > 8)
if (Model. MBits[jl>=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 agsumption that, when they are invoked, the input variables required for this process have Qeen correctly
parsefl from the codestream.

The decoding process is specified so that the decoded samples from any two JPEG XR decoders will he numerically
identical. Any decoder which produces results that match the process specified here conforms to the|requirements
of thi§ document.

The ithage decoding process proceeds as specified in subclause 9.2.
9.2 Image decoding

The olitputs of this process are the output samples of the image.

The ithage decoding process proceeds as in Table 117.

Table 117 — Pseudocode for function ImageDecoding( )

ImageDecoding() { Refer¢nce
ImagePlaneDecoding( ) 9.3
/* resulting sample values are storedhin the variables ImagePlane[i][x][y] */
if ((OUTPUT_CLR_FMT = = RGB) &&
((OUTPUT_BITDEPTH = = BD5)+ | (OUTPUT_BITDEPTH = = BD565) | |
(OUTPUT_BITDEPTH = = BD10))) /* Packed RGB */
outputArrays = 1
else if ((OUTPUT_CLR_EMT.;= =RGB) | | (OUTPUT_CLR_FMT = =YUV444) | |
(OUTPUT_CLR_FMT. = =YUV422) | | (OUTPUT_CLR_FMT = = YUV420))
outputArrays =3
else if (OUTPUZF~CLR_FMT = = RGBE)
outputArrays = 4
else
outputArrays = NumComponents
for (is'0; i < outputArrays; i++) {
if ((i > 0) && (OUTPUT_CLR_FMT = = YUV420))
outputHeight = (HEIGHT_MINUS1 +1) / 2
else
outputHeight = HEIGHT_MINUST + 1
if ((OUTPUT_BITDEPTH = = BDIWHITE1) | |
(OUTPUT_BITDEPTH = = BD1BLACK1)) /* 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_MINUS1 + 1
for (y = 0; y < outputHeight; y++)
for (x = 0; X < outputWidth; x++)
ImagePrimaryl[i][x][y] = ImagePlane[i][x][y]

}
if (ALPHA_IMAGE_PLANE_FLAG = = TRUE)

© ISO/IEC 2019 - All rights reserved 101


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29199-2:2020(E)

ImageDecoding() {

Reference

ImagePlaneDecoding( )
/* resulting sample values, corresponding to the alpha image plane,
are stored in the variables ImagePlane[0][x][y] */

9.3

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

for (x = 0; x <= WIDTH_MINUS1; x++)

ImageAlpha[0][x][y] = ImagePlane[0][x][y]

NOTE Throughout the parsing of syntax elements in Clause 8, 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 one set
corresponding to the alpha image plane. In the same manner, this subclause assumes that there are two sets of global variables

being used in th

e decoding process, corresponding to the primary and alpha image planes, respectively.

9.3 Image plane decoding

This process if 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.

Table 118 — Pseudocode for function ImagePlaneDecoding( )

Imag¢PlaneDecoding() { Reference
ImlagePlaneDCQP() 9.7.1.1
ImlagePlaneLPQP() 9.7.2.1
ImlagePlaneHPQP() 9.7.3.1
for (TileIndexy = 0; TileIndexy < NumTileRows; TileIndexy*+)

for (TileIndexx = 0; TileIndexx < NumTileCols; Tilelndexx++)
TileTransformCoefficientProcessing( ) 9.4.1
/* At this point, transform coefficients\for the entire image plane have
been obtained */
SampleReconstruction( ) 9.9.1
/* This process performs both levels 0fithe inverse transform and overlap
operations on the entire image */.
OytputFormatting( ) 9.10.2

}

9.4 Tile trapsform coefficient processing

9.4.1 Ovel

This process [is invoked for each tile. The inputs to this process are the horizontal and vertical indices

current tile.

view

The outputs of this;process are transform coefficients for each macroblock in the tile.

of the

The transform coefficient processing proceeds as specified in Table 119.
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Table 119 — Pseudocode for function TileTransformCoefficientProcessing( )

TileTransformCoefficientProcessing( ) { Reference
TileLevelDCQP( ) 9.7.1.2
TileLevel LPQP( ) 9.7.2.2
TileLeve HPQP( ) 9.7.3.2
n=_0

for (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( ) 9.4.2
LPTransformCoefficientDecoding( ) 9.4.3
HPTransformCoefficientDecoding( ) 9.4.4
n+=1

)

NOTE| The computation of the global variable MBHPMode is dependent upon the complétion of the LP transform coefficient
decoding process. MBHPMode is computed at the beginning of the HP coefficient decoding process.

9.4.2| DC transform coefficient decoding
The opitputs of this process are DC transform coefficients for each colour component of the current mpacroblock.
The D transform coefficient processing proceeds as specified inw Table 120.

Table 120 — Pseudocode for function DCTransformCoefficientDecoding( )

DCTransformCoefficientDecoding(-) { Reference
DCMBCoefficientRemap( ) 9.5.1
DCPredictionGeneral( ) 9.6.1.1
DequantizeDCCoefficients(; ) 9.8.1

}

9.4.3| Low-pass transform coefficient decoding
The opitputs of this process are LP transform coefficients for each colour component of the current macroblock.
The LP transform coefficienitprocessing proceeds as specified in Table 121.

Table121 — Pseudocode for function LPTransformCoefficientDecoding( )

LPTransformCoefficientDecoding( ) { Reference
LPMBCoefficientRemap( ) 9.5.2
LPPredictionGeneral() 9.6.2.1
DequantizeLPCoefficients( ) 9.8.2

b

9.4.4 High-pass transform coefficient decoding
Input to this process is the value of MBHPMode for the current macroblock.
The outputs of this process are HP transform coefficients for each colour component of the current macroblock.

The HP transform coefficient processing proceeds as specified in Table 122.
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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
i
9.5 Coefficient remapping

This subclause specifies the coefficient remapping processes for DC, LP and HP coefficients.

9.5.1 DCc

Input to this f
MBy, which id

Output of thig
componenti
NOTE Thev

The values in

9.5.2 Low

Inputs to this|
each colour c(

Output of thi
coefficients, i

The LP coeffid

pefficient remapping

entify the current macroblock.

process is the list of values MbDCLP[MBx][MBy][i][0], of DC transform coefficients, for each
f the current macroblock.

lues DCInput[i] are the outputs of the MB_DC( ) syntax structure of subclause\8¢7.11.
the array MbDCLP[MBx][MBy][i][0] are set by Table 123.

Table 123 — Pseudocode for function DCMBE€oefficientRemap( )

DCMBCoefficientRemap() {
for (i = 0; i < NumComponents; i++)
MbDCLP[MBx][MBy][i][0] = DCInput[i]

Reference

}
pass coefficient remapping

process are a list of variables LPInput[i][j] which hold the j-th LP transform coefficient val
mponent i.

dexed in raster scan order, of colour component i.

ient remapping process proceeds as specified by Table 124.

rocess is a list DCInput[i] of DC level values for each colour component i, and the variables MH

s process is the array of variables MbDCLP[MBx][MBy][i][j] which hold the j-th LP tran

x and

rolour

e for

sform
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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)
for (j=1;j<=7;j++)
if (BANDS_PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j]
else
MbDCLP[MBx][MBy][i][j] = 0
else /* INTERNAL_CLR_FMT = =YUV420*/
for (j=1;j<=3;j+4)
if (BANDS_PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j]
else
MbDCLP[MBx][MBy][i][j] = 0

else
for (j=1;j<=15;j++)
if (BANDS_PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j]
else
MbDCLP[MBx][MBy][i][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 != 0 && INTERNAL_CLR_FMT = = YUV422)
jMax = 7

else
jMax = 15

for'(g= 0; j <= jMax; j++)
HPBlockCoefficientRemap(i, j) 9.5.4

i
9.5.4| High-pass block coefficient remapping

Inputs to this process are: the array HPInputVLC[currentComponent][blkindex][j] for the current colour
component currentComponent, and the current block index blkindex, with j ranging from 1 to 15, the array
HPInputFlex[currentComponent][blkindex][j] for the current colour component currentComponent, and the
current block index blkIndex, with j ranging from 1 to 15, the variable ModelBits[MBx][MBy], 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 * blkIindex + 15), corresponding to the current block. Pseudocode
for this process is in Table 126.

© ISO/IEC 2019 - All rights reserved 105


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29

199-2:2020(E)

Table 126 — Pseudocode for function HPBlockCoefficientRemap( )

HPBlockCoefficientRemap(currentComponent, blkindex) {

Reference

if (currentComponent = = 0)

ilndex =0

else

ilndex =1

for (j=1;j<=15;j++) {

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][blkIindex][j]

}

9.6 Transfarm coefficient prediction

9.6.1 DCc
9.6.1.1 Ove
Four modes a
— Predict fro
— Predict frq
— Predict frq
— No predict]
The predictio
and top-left o

chroma comp

9.6.1.2 DCH

pefficient prediction

rview of DC prediction

m left
m top
m left and top

ion

bnents are also uSed:

redictionGeneral()

Inputs to this

Fe defined for the prediction of the DC coefficient of.a macroblock. These modes are:

h mode is determinedtfrom the position of the macroblock, as well as the DC values to the le
f the macroblock. Fusther, if the image has chroma components, the corresponding DC values

progess are the Boolean variables IsMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, as W
the values MpDCLP[MBx][MBy][i][0], for each colour component i of the current macroblock. The vd

ft, top
of the

rell as
riable

b tile;

IsMBLeftEdg nfTinF‘Ing is Pqnnl to TRUE when the current macroblock is at the left Png of th
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.

Outputs of this process are the updated values MbDCLP[MBx][MBy][i][0], for each colour component i of the
current macroblock.

The DC prediction process proceeds as in Table 127.
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Table 127 — Pseudocode for function DCPredictionGeneral( )

DCPredictionGeneral() { Reference
CalcDCPredMode( ) 9.6.1.3
DCCoefficientPrediction( ) 9.6.1.4
UpdateDCPredictionVariables( ) 9.6.1.5

}

9.6.1.3 DC prediction direction computation

Inputs to this process are the variables IsMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, and the values
PredDCLP[MBx-1][MBy][i][0], PredDCLP[MBx][MBy-1][i][0], and PredDCLP[MBx-1][MBy-1][i][0], for each

colou
Outpu
predi
both ]

The D

component 1.

he top and left macroblocks, and 3 specifies no prediction.

C prediction direction process proceeds as shown by Table 128.

t of this process is the value of MBDCMode. The possible values of MBDCMode are as\follov
tion from the left macroblock, 1 specifies prediction from the top macroblock, 2 specifies pi

Table 128 — Pseudocode for function CalcDCPredMode()

vs: 0 specifies
ediction from

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 frormJeft only */

else /* if (IsMBLeftEdgeofTileFlag%= FALSE &&
IsMBTopEdgeofTileFlag = =\ FALSE) */ {

iLeft = PredDCLP[MBx-1][MBy][0][0]

iTop = PredDCLP[MBx}{MBy-1][0][0]

iTopLeft = PredDGLP[MBx-1][MBy-1][0][0]

if INTERNAL/CCR_FMT ==Y_ONLY | |
INTERNAL-CLR_FMT = =NCOMPONENT) {

iStrHor= Abs(iTopLeft - iLeft)

iStrVier = Abs(iTopLeft - iTop)

}elsef

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][MBy-1][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 - iTop) * iScale +

Abs(iTopLeftU — iTopU) + Abs(iTopLeftV — iTopV)

}

iOrwt =4

if ((iStrHor * iOrWt) < iStrVer)

MBDCMode =1
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CalcDCPredMode() { Reference
else if ((iStrVer * iOrWt) < 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 gccurs 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][MBy][i][0] for each colour component i.

Outputs to thiis process are the updated values MbDCLP[MBx][MBy][i][0], for each colour*component i pf the

current macrqgblock.

The DC coeffigient prediction process proceeds according to Table 129.

Table 129 — Pseudocode for function DCCoefficientPrediction()

I)CCoefficientPrediction() {

Reference

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

iLeft = PredDCLP[MBx-1][MBy][i][0

[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][MB¢][1][0] += (iTop + iLeft) >> 1

else /* (INTERNAL_CLR_FMT = = YUV420 | |
INTERNAL_CLR_FMT = = YUV422)*/

MbDCLP{MBx][MBy][i][0] +=
(iTop)+iLeft+1)>>1

}

9.6.1.5 Update of DCprediction variables

Outputs of this\process are the updated variables PredDCLP[MBx][MBy][i], for each colour component i, Where

MBx and MBy are indexing the current macroblock.

The update of DC prediction variables process proceeds as shown 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]
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9.6.2 Low-pass prediction
9.6.2.1 Overview of low-pass prediction

Three modes 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;
— No prediction when MBLPMode is equal to 2.

The LPP coefficient prediction mode (MBLPMode) is determined by the DC coefficient prediction~njode, together
with the quantization parameters of both the current block and the block from which the!D( values were
predig¢ted.

This fule ensures that prediction of LP coefficients does not take place across miacroblocks with different
quantjzation parameters.

Not all of the LP coefficients associated with a macroblock are predicted. The-definition and indiceq of DC and LP
coeffigients that are predicted is shown in Figure 5. The DC coefficient of the blocks shown in dprk gray is at
positipn 0, and the LP coefficients that can be predicted are shown in light.gray. For the colour formdt YUV422, the
LP copfficient associated with position 5 is predicted from position~1in 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 b¢ predicted from both top and left.

N
0o | 1 2 | 3 o 1 o | 1
(%)

4 5 6 7 2 3 2 3

8 9 10 11 / 5
12 | 13 | 14 | 15 6 7
a) b) c)

Figure 5 — DC and LP coefficients in (a) 4x4, (b) 422 chroma, and (c) 420 chroma blpck

9.6.2.2 LPPredictionGeneral()

Inputs to this process are the variable MBDCMode for the current macroblock, as well as the values
MbDCLP[MBx][MBy][i][j], for each colour component i of the current macroblock, and index j referencing the LP
transform coefficients, indexed in raster scan order.

NOTE The values MbDCLP[MBx][MBy][i][j] come from the LP coefficient remapping process of subclause 9.5.2.

Outputs to this process are the values MbDCLP[MBx][MBy][i][j], for each colour component i of the current
macroblock.
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The LP prediction process proceeds as in Table 131.

Table 131 — Pseudocode for function LPPredictionGeneral( )

LPPredictionGeneral() { Reference
CalcLPPredMode() 9.6.2.3
LPCoefficientPrediction( ) 9.6.2.4
UpdateLPPredictionVariables( ) 9.6.2.5

}

9.6.2.3 Low-pass prediction direction computation

Inputs to this
Output to thij
represents pr

the value 2 re

The LP predic

process are the variables MBDCMode and MBQPINdexLP[MBX][MBy]-

process is the value of MBLPMode. The possible values of MBLPMode are as follows;\the v

ediction from the left macroblock, the value 1 represents prediction from the top macrobloc
presents no prediction.

tion direction process proceeds as in Table 132.

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
MBLPMode = 2
}
9.6.2.4 Low-pass coefficient prediction

Inputs to this|
and MBy, whi

Outputs to th
current macrg

The LP coeffig

process are: the variable MBLPMode representing the LP prediction direction; the variable
Ch index the current macroblogk:in the image; and the variables PredDCLP[MBx][MBy][i][j]-

is process are the updated values MbDCLP[MBx][MBy][i][j], for each colour component i
block, and j an index.referencing the LP transform coefficients, indexed in raster scan order.

ient prediction process proceeds as in Table 133.

Table 133 — Pseudocode for function LPCoefficientPrediction( )

LPC

pefficientPrediction() { Reference

f

or{i’'="0; i < NumComponents; i++) {

hlue 0
k, and

5 MBx

bf the

if (i ==0 ! ! ((INTPRNAI_F[ R_EMT = VH\M.?(]) &&
(INTERNAL_CLR_FMT = YUV422))) {

if (MBLPMode = = 0) {

i

MbDCLP[MBx][MBy][i][4] += PredDCLP[MBx-1][MBy][i][4]

LAT) AT

1
MbDCLP[MBx][MBy][i][8] += PredDCLP[MBx-1][MBy][i][5]
MbDCLP[MBx][MBy][i][12] += PredDCLP[MBx-1][MBy][i][6]

[
} else if (MBLPMode = =1) {

MbDCLP[MBx][MBy][i][1] += PredDCLP[MBx][MBy-1][i][1]

][
MbDCLP[MBx][MBy][i][2] += PredDCLP[MBx][MBy-1][i][2]
MbDCLP[MBx][MBy][i][3] += PredDCLP[MBx][MBy-1][i][3]

}

} else if (INTERNAL_CLR_FMT ==YUV420) { /*iisequal to 1 or 2 here */

if (MBLPMode = = 0) /* Prediction from left */

MbDCLP[MBx][MBy][i][2] += PredDCLP[MBx-1][MBy][i][2]
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LPCoefficientPrediction() {

Reference

else if (MBLPMode = = 1) /* Prediction from top */

MbDCLP[MBx][MBy][i][1] += PredDCLP[MBx][MBy-1][i][1]

} else if (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]

MbDCLP[MBx][MBy][i][6] += PredDCLP[MBx-1][MBy][i][6]

} else if (MBLPMode = = 1) { /* Prediction from top */

MbDCLP[MBx][MBy][i][4] += PredDCLP[MBx][MBy-1][i][4]

MbDCLP[MBx][MBy][i][1] += PredDCLP[MBx][MBy—1][i][5]

MbDCLP[MBx][MBy][i][5] += MbDCLP[MBx][MBy][i][1]

9.6.2
Input

Outpu
index

The u

/* 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 colour 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 forj=1*/

}

5 Update of low-pass prediction variables

PS .

bdate of LP prediction variables process proceeds as in Table 134.

Table 134 — Pseudocode for function UpdateLPPredictionVariables()

to this process are the variables MBx and MBy, which indexcthe current macroblock in the imdge.

UpdateLPPredictionVariables( ) { Reference
for (i = 0; i < NumComponehnts; i++) {

if(i==0]] ((INTERNAL_CLR_FMT != 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]
PredDCLP[MBx][MBy][i][3] = MbDCLP[MBx][MBy][i][3]
RredDCLP[MBx][MBy][i][4] = MbDCLP[MBx][MBy][i][4]
PredDCLP[MBx][MBy][i][5] = MbDCLP[MBx][MBy][i][8]
PredDCLP[MBx][MBYy][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] = MbDCLP[MBx][MBy][i][4]
PredDCLP[MBx][MBy][i][5] = MbDCLP[MBx][MBy][i][5]
PredDCLP[MBx][MBy][i][6] = MbDCLP[MBx][MBy][i][6]

}

}
}
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9.6.3 High-pass prediction
9.6.3.1 Overview of high-pass prediction

There are two prediction processes involving HP coefficients: the HP prediction direction process, and the HP
prediction process. The process that computes HP prediction direction also sets the HP direction variable
MBHPMode which determines the initial HP inverse scanning order. Therefore, the process that computes HP
prediction direction shall be executed before the HP coefficient inverse scanning process. The HP prediction
process is executed after the HP coefficient remapping process.

Information in the LP transform coefficients is used to compute a simple metric to determine the orientation of
prediction of [P Coefficients associated with each macroblocK. 1NTee modes are defined for the prediction |of the
HP coefficients of the outer transform. The same mode is used for all blocks within a macroblock for-which in-
macroblock pfediction is possible. For blocks that have no valid reference within the macroblock, null prediction
is used. The thiree 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 transpofed to
point downwards.
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Figure 6 — HP prediction from left

NOTE In the implementation of a decoder, the only information that needs to be available for future useis 1 DC+ 6 LP =7
coefficients per macroblock component (fewer for YUV420 / YUV422 chrominance). Therefore, at most for YUV444, 21
coefficients need to be cached per macroblock. Further, the coefficients used for prediction from left can be discarded after the
next macroblock is predicted. For YUV444, therefore, it is necessary to only cache 12 coefficients per macroblock for use in the
next row of macroblocks. More state is required on the encoder side: the HP coefficients must be maintained throughout this
process, as the encoding of HP coefficients is dependent on the encoding of LP coefficients.

9.6.3.2 High-pass prediction direction computation
Inputs to this process are the variables MBx and MBy, indexing the location of the current macroblock in the

image.
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Output of this process is the variable MBHPMode for the current macroblock.

The HP prediction process proceeds as in Table 135.

Table 135 — Pseudocode for function CalcHPPredMode( )

CalcHPPredMode() {

Reference

iStrHor = Abs(MbDCLP[MBx][MBy][0][1]) +
Abs(MbDCLP[MBx][MBy][0][2]) +
Abs(MbDCLP[MBx][MBy][0][3])

iStrVer = Abs(MbDCLP[MBx][MBy][0][4]) +
Abs(MbDCLP[MBx][MBy][0][8]) +

9.6.3

Input
and M
the H
of this

Abs(MbDCLP[MBx][MBy][0][12])

if (INTERNAL_CLR_FMT != YONLY) &&
(INTERNAL_CLR_FMT != NCOMPONENT)) {

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

iStrHor += Abs(MbDCLP[MBx][MBy][i][1])

if INTERNAL_CLR_FMT = = YUV420)

iStrVer += Abs(MbDCLP[MBx][MBy][i][2])

else if INTERNAL_CLR_FMT = =YUV422) {

iStrVer += Abs(MbDCLP[MBx][MBy][i][2]) +
Abs(MbDCLP[MBx][MBy][i][6])

iStrHor += Abs(MbDCLP[MBx][MBy][i][5])

} else

iStrVer += Abs(MbDCLP[MBx][MBy][i][4])

}

}

iOrwt =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 */

}

3 High-pass prediction

to this process are: the variable MBHPMode, which indicates the HP prediction direction; tk
By, which index the current macroblock in the image; and the values MBBuffer[MBx][MBy][i]
P transform coefficients obtained from the HP coefficient remapping process of subclause 9.5.]

process are the ipdated values MBBuffer[MBx][MBy][i][k] of HP transform coefficients.

© ISO/IEC 2019 - All rights reserved
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The HP prediction process proceeds as in Table 136.

114

Table 136 — Pseudocode for function HPCoefficientPrediction( )

HPCoefficientPrediction() {

Reference

if INTERNAL_CLR_FMT = =YUV420) | | INTERNAL_CLR_FMT = = YUV422)

iComponents = 1

else

iComponents = NumComponents

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

if (MBHPMode = = 0) {

blkid[]1={12356,79,10,1113,14,15}

for (j=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*bIKId[j] + 8] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 1) + 8]

MBBuffer[MBx][MBy][i][16*bIKId[j] + 12] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 1) + 12]

}

} else if (MBHPMode ==1) {

blkId[ ] = {4,5,6,7,8,9,10,11,12,13,14,15}

for (j=0;j<12;j++) {

MBBuffer[MBx][MBy][i][16*blkId[j] + 1] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] — 4) + 1]

MBBuffer[MBx][MBy][i][16*blkId][j] + 2] +=
MBBuffer[MBx][MBy][i][16*(bIkId[j] — 4) + 2]

MBBuffer[MBx][MBy][i][16*blkId][j] + 3] +=
MBBuffer[MBx][MBy][i][16*(bIkId[j] — 4) +3]

}

—-

fJONTERNAL_CLR_FMT = = YUV420) {

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

if (MBHPMode = = 0) {

blkld[ ] = {1,3}

for (j=0;j<2;j++) {

MBBuffer[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]

MBBGffer{MBx][MBy][i][16*bIKId[j] + 12] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 1) + 12]

}

} else if (MBHPMode = = 1) {

blkid[ ] = {2,3}

for (j=0;j<2;j++) {

MBBuffer[MBx][MBy][i][16*bIkId[j] + 1] +=

MBBuffer]MBx][MBy[i[[T6*(bIKId[j] = 2) * 1]

MBBuffer[MBx][MBy][i][16*bIKId[j] + 2] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 2) + 2]

MBBuffer[MBx][MBy][i][16*bIKId[j] + 3] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 2) + 3]

}

}

} else if INTERNAL_CLR_FMT = = YUV422) {

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

if (MBHPMode = = 0) {

blkld[ ] = {1,3,5,7}

for (j=0;j<4;j++) {
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HPCoefficientPrediction() {

Reference

MBBuffer[MBx][MBy][i][16*bIKId[j] + 4] +=
MBBuffer[MBx][MBy][i][16*(blkId[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*bIKId[j] + 12] +=

MBBuffer[MBx][MBy][i][16*(blkId[j] - 1) + 12]

}

} else if (MBHPMode ==1) {

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

for (j=0;j<6;j++) {

MBBuffer[MBx][MBy][i][16*blkId[j] + 1] +=

MBBuffer[MBx][MBy][{][16*(bIKId[j] - 2) + 1]

MBBuffer[MBx][MBy][i][16*blkId][j] + 2] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 2) + 2]

MBBuffer[MBx][MBy][i][16*blkId[j] + 3] +=
MBBuffer[MBx][MBy][i][16*(blkId][j] - 2) + 3]

}

9.7 Derivation of quantization parameters

9.7.1

9.7.1{1 Image plane level derivation of DC quantization parameters

This grocess derives the array DCQuantParam[i] of image plane level DC quantization parameters f

Derivation of DC quantization parameters

r each colour

component i, if these parameters are specified at®he 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 tilg

plane

The ithage plane level derivation process-of DC quantization parameters proceeds as in Table 137.

NOTE

9.7.1

Table 137 — Pseudocode for function ImagePlaneDCQP()

ImagePlaneDCQP( ) { Reference,
if (DC_IMAGE:RLANE_UNIFORM_FLAG = = TRUE)
AssignDCQuantizationParameters( ) 9.7.1.3
}

If DC_IMAGE_PLANE_UNIFORM_FLAG is equal to FALSE, the quantization parameters are specified at

2 /Tile'level derivation of DC quantization parameters

le level.

in the image

If these parameters are specified at the tile Ievel, this process derives the array DCQuantParam[i] of tile-level DC
quantization parameters for each colour component i. Otherwise, it does nothing and it is assumed that the image

plane level derivation process already derived the array DCQuantParam[i].

The tile-level derivation process of DC quantization parameters proceeds as in Table 138.

Table 138 — Pseudocode for function TileLevelDCQP()

TileLevelDCQP( ) { Reference
if (DC_IMAGE_PLANE_UNIFORM_FLAG = = FALSE)
AssignDCQuantizationParameters( ) 9.7.1.3
}

© ISO/IEC 2019 - All rights reserved
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NOTE IfDC_IMAGE_PLANE_UNIFORM_FLAG is equal to TRUE, quantization parameters were set at the image plane level.
9.7.1.3 Assignment of DC quantization parameters
The assignment process of DC quantization parameters proceeds as in Table 139.

Table 139 — Pseudocode for function AssignDCQuantizationParameters( )

AssignDCQuantizationParameters( ) { Reference
if (COMPONENT_MODE = = UNIFORM)
for (i = 0; i <=NumComponents—1; i++)
n(‘lenfquqm[i] = nF_QI]ANT
else 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[i]

}
9.7.2 Deriyation 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 lével'LP quantization parameters, for each
colour compopent 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 indicat¢s that
these quantization parameters are specified at the image plang level; otherwise, it does nothing, and it is expected
that the tile-lgvel derivation process will derive the array LPQuantParam[i][j], for each tile in the image plané.

The image plane level derivation process of LP quantization parameters proceeds as in Table 140.

Table 140 — Pseudocode for function ImagePlaneLPQP()

ImagePlaneLPQP() { Reference
if (LP_IMAGE_PLANE_UNIFORM.FLAG)
AssignLPQuantizationParameters( ) 9.7.2.3
}

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, quantization parameters are set at the tile level.

9.7.2.2 Tilglevel'derivation of low-pass quantization parameters

This process Iderives the values LPQuantParam[i][j] of tile-level LP quantization parameters, for each ¢olour
component i, and each allowable index j (ranging from 0 to NumLPQPs-1). These values are derived if these
quantization parameters are specified at the tile level; otherwise, it does nothing, and the image plane level
derivation process derived the array LPQuantParam[i][j], used for each tile in the current image plane.
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The tile-level derivation process of LP quantization parameters proceeds as in Table 141.

Table 141 — Pseudocode for function TileLevelLPQP()

TileLevelLPQP( ) {

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 (LP_IMAGE_PLANE_UNIFORM_FLAG != TRUE)

AssignLPQuantizationParameters( )

NOTE

}

When LP_IMAGE_PLANE_UNIFORM_FLAG is equal to TRUE, nothing is done in this function) becau|

paramieters were set at image plane level.

9.7.2|3 Assignment of low-pass quantization parameters

The agsignment process of LP quantization parameters proceeds as in Table 142,

9.7.3
9.7.3

This j

Table 142 — Pseudocode for function AssignLPQuantizationParameters()

AssignLPQuantizationParameters() {

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){

LPQuantParam[0][j] = LP_QUANT LUMAJj]

for (i = 1; i <=NumComponents=1;i++)

LPQuantParam[i][j] = LP.QUANT_CHROMA([j]

} else if (COMPONENT_MODE &= INDEPENDENT)

for (i = 0; i <=NumCompenents-1; i++)

LPQuantParamli]{j] = LP_QUANT_CH[i][j]

}

Derivation of high-pass quantization parameters

1 Image plane level derivation of high-pass quantization parameters

rocess derives*the values HPQuantParam[i][j] of image plane level HP quantization paramg
colour componeént i, and each allowable index j. These values are derived if these quantization p
specified at<the image plane level; otherwise, it does nothing, and it is expected that the tile-le

proceps will derive the array HPQuantParam{[i][j], for each tile in the image plane.

The image plane level derivation process of HP quantization parameters proceeds as in Table 143.

Table 143 — Pseudocode for function ImagePlaneHPQP()

ImagePlaneHPQP() {

Reference

if (HP_IMAGE_PLANE_UNIFORM_FLAG)

AssignHPQuantizationParameters( )

9.7.3.3

)

NOTE1 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.
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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 colour
component 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.

The tile-level derivation process of HP quantization parameters proceeds as in Table 144.

Table 144 — Pseudocode for function TileLevelHPQP()

TileLevelHPQP( ) { 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 function, because quantjzation
parameters wefe set at image plane level.

9.7.3.3 Assignment of high-pass quantization parameters
The assignmept process of HP quantization parameters proceéds’as in Table 145.

Table 145 — Pseudocode for function‘AssignHPQuantizationParameters( )

AskignHPQuantizationParameters( ) { Reference
for (j = 0; j < NumHPQPs; j++) {
if (COMPONENT_MODE = = UNIFORM)
for (i = 0; i <=NumComponents-1; i++)
HPQuantParam[i][jJ;= HP_QUANT]j]
else if (COMPONENT _MODE = = SEPARATE) {
HPQuantParam|[0}[j] = HP_QUANT_LUMA[j]
for (i=1; i <cNumComponents-1; i++)
HPQuantParam[i][j] = HP_QUANT_CHROMAJj]
} else if (GOMPONENT_MODE = = INDEPENDENT)
for {i’="0; i <=NumComponents-1; i++)
HPQuantParam[i][j] = HP_QUANT_CH]i][j]

}
9.8 Dequantization

9.8.1 Dequantization of DC coefficients

This process is applied for the DC coefficients of a macroblock, for all colour components.

Input to this process is the array DCQuantParam|[i] of DC quantization parameters for each colour component i;
the array MbDCLP[MBx][MBy][i][0] of DC transform coefficients for each colour 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 colour
component i.
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Output of this process is an array of scaled DC transform coefficients MbDCLP[MBx][MBy][i][0], for each colour
component i.

The dequantization process for DC coefficients proceeds as in Table 146.

9.8.2
This p
Input
comp
MbD(
the LH

Outpy
comp

The d

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][MBYy][i][0] * iQuantScalingFactorfi]

)

Dequantization of low-pass coefficients
rocess is applied for the LP coefficients of an entire macroblock, for all colour components.

to this process are the values LPQuantParam[i][j] of LP quantization parameters, for
bnent i and index j; the quantization parameter index) MBQPIndexLP[MBx][MBy]

transform coefficients, indexed in raster scan order.

t of this process is an array of scaled LP transfornizcoefficients MbDCLP[MBx][MBy][i][j], fd
bnent i and index j ranging from 1 to 15, referencing.the respective LP transform coefficient.

bquantization process for LP coefficients proceeds as in Table 147.

Table 147 — Pseudocode for function DequantizeLPCoefficients( )

each colour
; the array

LP[MBx][MBy][i][j] of LP transform coefficients, with i representing the colour component, angl j referencing

r each colour

DequantizeLPCoefficients() { Reference

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

k = MBQPIndexLRP[MBx][MBy]

valueQP[i] = LPQuantParam[i][k]

if(i==0)

iQuantSealingFactor([i] = QuantMap(valueQP[i], 1) 9.8.4
else

iQuantScalingFactor([i] = QuantMap(valueQP[i], 0) 9.8.4

if\('= = 0) /* Luma Component */

for (j=1;j<=15;j+4)

MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBy][i][j] * iQuantScalingFactor([i]

else if (INTERNAL_CLR_FMT != YUV422) &&

LINITPCDALAL oY O D grn L XZIINZ 4N
(IINTERINAL_CLR_TIVIT T =TUVHZU7J])

for (j=1;j<=15;j++)

MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBy][i][j] * iQuantScalingFactorfi]

else if INTERNAL_CLR_FMT = = YUV422)

for (j=1;j<=7;j++)

MbDCLP[MBx]|[MBy][i][j] =
MbDCLP[MBx][MBy][i][j] * iQuantScalingFactorfi]

else /* if INTERNAL_CLR_FMT = = YUV420) */

for (j=1;j<=3;j++)

MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBy][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 colour components.

Inputs to this process are the values HPQuantParam[i][j] of HP quantization parameters, for each colour
component i and index j; the quantization parameter index MBQPIndexHP[MBx][MBy]; the array
MBBuffer[MBx][MBy][i][j] of HP transform coefficients, where i and j are indices, with i representing the colour
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 colour
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.

Table 148 — Pseudocode for function DequantizeHPCoefficients( )

DequantizeHPCoefficients() { Reference
for (i = 0; i < NumComponents; i++) {
k = MBQPIndexHP[MBx][MBy]
valueQP[i] = HPQuantParam[i][K]
iQuantScalingFactor([i] = QuantMap(valueQPJi], 1) 9.8.4
if (i ==0) /* Luma Component */
for (blkindex = 0; blkindex <= 15; blkindex++)
for (j=1;j<=15;j+4+)
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]f16*blkIndex + j] *
iQuantScalingFactor[i]
else if INTERNAL_CLR_FMT = =¥UV422)
for (blkindex = 0; blkIndex!<= 7; 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 = =YUV420) */
for (blkindex = 0; blkIndex <= 3; blkIndex++)
for(jJ=1;j <= 15;j++)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantScalingFactorfi]
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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) {

NOTE
SCALE]
subclal

99 §
9.9.1

Input
plane

iNotScatedShift=—=2

if (iQP < 32) {

iMan = (iQP + 3) >> 2

iExp=0

} else if (iQP < 48) {

iMan= (16 + (iQP % 16) +1)>>1

iExp = (iQP>>4) + iNotScaledShift

} else {

iMan = 16 + (1QP % 16)

iExp = (iQP>>4) -1 + iNotScaledShift

}

iQuantScalingFactorResult = iMan << iExp

} else { /* SCALED_FLAG is TRUE, but not (0 = = iQP) */

if (iQP < 16) {

iMan =iQP
iExp = iScaledShift
} else {

iMan = 16 + (1QP % 16)

iExp = ((iQP >>4) - 1) + iScaledShift

}

iQuantScalingFactorResult = iMan<< iExp

}

return iQuantScalingFactorResult

}

The input parameter iScaledShift takes the value of either 0 or 1, dependent on the component a
D_FLAG is equal to TRUE,, the’ quantization scaling factor value can be modified by a power of 2. Sg
se 9.9.2.

ample reconstruction

Overview

to this\process are the values MbDCLP[MBx][MBy][i][j] and MBBuffer[MBx][MBy][i][j] for th
and the syntax element OVERLAP_MODE.

Outputs of this process are the decoded samples for the image plane.
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The sample reconstruction process proceeds as in Table 150.

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

}
NOTE Becaufse the first-level overlap filtering process in general involves interaction with adjacent macroblocks, th

level transform
This precedend

complete for th

e adjacent macroblocks prior to the second level overlap filtering process.

9.9.2 Firstlevel inverse transform

Inputs to this

Outputs to thi

The first-level inverse transform process is specified as in Table 151.

process must be complete for these adjacent macroblocks, prior to the overlap filtering process being in
e relationship also holds between the second level processes: the second level's transfarni process nj

process are the values MbDCLP[MBx][MBy][i][j] for the entire colour.component.

5 process are the modified values MbDCLP[MBx][MBy][i][j] for the current macroblock.

Table 151 — Pseudocode for function FirstLevellnverseTransform()

e first-
ivoked.
ust be

FirstLeyellnverseTransform() {

Reference

for

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

f

or (MBy = 0; MBy < MBHeight; MBy++)

for (MBx = 0; MBx < MBWidth; MBx++)

if (i==0) | | (INTERNAL_CLR_FMT = YUV420) &&
(INTERNAL_CLR_FMT != YUV422)) {

1CT4x4(MbDCLP[MBx][MBy][i][])

9.9.7.1

if ((i > 0) && SCALED-FLAG)

for (j = 0;j <= 15;j++)

MbDELP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i]j]

} else if (INTERNAL_CLR_FMT = = YUV420) {

T2x2h(MbDCLP[MBx][MBy][i][ ], 0)

9.9.7.2

arrayboecal[ ] = {MbDCLP[MBx][MBy][i][1], MbDCLP[MBx][MBy][i][2]}

InVPermuteZpt(arrayLocal[ ])

9.9.7.6

MbDCLP[MBx][MBy][i][1] = arrayLocal[0]

MbDCLP[MBx][MBy][i][2] = arrayLocal[1]

if ((i > 0) && SCALED_FLAG)

for (j=0;j<=3;j+4)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i]]}]

} else if (INTERNAL_CLR_FMT = = YUV422) {

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][0], MbDCLP[MBx][MBy][i][4]}

T2pt(arrayLocall ])

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][1], MbDCLP[MBx][MBy][i][2]}

InvPermute2pt(arrayLocal[ ])

9.9.7.6

MbDCLP[MBx][MBy][i][1] = arrayLocal[0]

MbDCLP[MBx][MBy][i][2] = arrayLocal[1]

arrayLocal[ ] = {MbDCLP[MBx][MBYy][i][4], MbDCLP[MBx][MBy][i][6],
MbDCLP[MBx][MBy][i][5], MbDCLP[MBx][MBy][il[7]}
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FirstLevellnverseTransform() { Reference
T2x2h(arrayLocal[ ], 0) 9.9.7.2
MbDCLP[MBx][MBy][i][4] = arrayLocal[0]

MbDCLP[MBx][MBy][i][6] = arrayLocal[1]

MbDCLP[MBx][MBy][i][5] = arrayLocal[2]

MbDCLP[MBx][MBy][i][7] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][5], MbDCLP[MBx][MBy][i][6]}
InvPermuteZpt(arrayLocal[ ]) 9.9.7.6

MbDCLP[MBx][MBy][i][5] = arrayLocal[0]

MbDCLP[MBx][MBy][i][6] = arrayLocal[1]

if ((i > 0) && SCALED_FLAG)

for (1=0;j<=7;j++)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i]j]

NOTE

re-nor

and V
range
expan
quanti
scaled

9.9.3

9.9.3

NOTE
are de

%]

=

QT

1i

malize the chroma with respect to the Y component. Due to possible conversion from RGBto YUV during

ion associated with the two levels of transform on the encode side (for the '\DC and LP coefficients)
Fation parameter for these chroma components is set to half the value used.for luma components. The
by this factor of two at the end of the first-level transform process.

First level overlap filtering

1 Overview

scribed below:

traddling these four blocks evenly (i.e., overlapping with a 2x2 corner of each block). When HARD_TILIN
b FALSE, the 4x4 overlap filter process is applied across tile boundaries as well.

p and bottom two rows: Along both the top two sample rows and the bottom two sample rows, a 4-poi
rocess is applied evenly across-adjacent block boundaries (overlapping with a 1x2 strip of each
ARD_TILING_FLAG is equal te"TRUE, the 4-point overlap filter process is applied across the top 2 row
ows of tiles as well.

ght-most and left-mest\two columns: Along both the left-most two sample columns and the right-m
olumns, a 4-point gverlap filter process is applied evenly across adjacent block boundaries (overlapping
f each block). WhenHARD_TILING_FLAG is equal to TRUE, the 4-point overlap filter process is applied 3
olumns and bdttom 2 columns of tiles as well.

ur corners:/Over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, a 4-poi
rocegs is.applied in a raster scan order (top-left, top-right, bottom-left, then bottom-right). When HARD |
qudl to’TRUE, the 4-point overlap filter process is applied to the four corners of each tile as well.

The purpose of the multiplication by 2 for Chroma components, in circumstances where scaling if

components may have a numerical range that has increased by one bit. If SCALED_ELAG is equal to TRU
of the (DC and LP) U and V component values could potentially grow beyond 16’ bits, due to the n|

The process specification below formalizes the geometric nature of the overlap filtering process. Th

terior: At every point where four 4x4 blocks meet in a corner, the 4x4 overlap filter process is applied

involved, is to
encoding, the U
JE, the dynamic
umerical range
Therefore, the
coefficients are

e various cases

o the 4x4 block
_FLAG is equal

ht overlap filter
block). When
s and bottom 2

pst two sample
vith a 2x1 strip
cross the top 2

it overlap filter
TILING_FLAG is

Additionally, when INTERNAL_CLR_FMT is equal to either YUV422 or YUV420, alternate processes are considered for the

chrom

a components for each of the above cases. These case are described below:

chroma interior: The 2x2 overlap filter process is applied to the 2x2 block straddling interior block boundaries. When

HARD_TILING_FLAG is equal to FALSE, the 2x2 overlap filter process is applied across tile boundaries as well.

chroma top and bottom rows: Along both the top sample row and the bottom sample row, a 2-point overlap filter process

is applied evenly across adjacent block boundaries. When HARD_TILING_FLAG is equal to TRUE, the 2-point overlap filter
process is applied across the top row and bottom row of tiles as well.

chroma right-most and left-most columns: Along both the left-most sample column and the right-most sample column, a

2-point overlap filter process is applied evenly across 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 column of tiles as well.
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— chroma four corners: Over the corner 1x1 blocks in the top-left, top-right, bottom-left and bottom-right, an adjacent
coefficient residual process (specified in subclause 9.9.3.3 and subclause 9.9.3.4) is applied. When HARD_TILING_FLAG is
equal to TRUE, the adjacent coefficient residual process is applied to the four corners of each tile as well.

Inputs to this process are the values MbDCLP[MBx]|[MBy][i][j] for the entire image plane, and the values MBWidth
and MBHeight.

Outputs to this process are the modified values MbDCLP[MBx][MBy][i][j] for the current macroblock.
The first-level overlap filtering process is specified in Table 152.

Table 152 — Pseudocode for function FirstLevelOverlapFiltering()

FirstLevelOverlapFiltering() { Reference
for (i = 0;li < NumComponents; i++)
if ((i3=0) || (INTERNAL_CLR_FMT !=YUV420) &&(INTERNAL_CLR_FMT != YUV422)))

FirstLevelOverlapFilteringPrimary(i) 9.9.3.2
else if INTERNAL_CLR_FMT = = YUV422)

FirstLevelOverlapFiltering422(i) 9.9.3.3
else if INTERNAL_CLR_FMT = = YUV420)

FirstLevelOverlapFiltering420(i) 9.9.3.4

}
9.9.3.2 FirstLevelOverlapFilteringPrimary()

Pseudocode f¢r the function FirstLevelOverlapFilteringPrimary/( ) is specified in Table 153.

Table 153 — Pseudocode for function FirstLevelOverlapFilteringPrimary( )

FirstLevelOverlapFilteringPrimary(i) { Reference
for (Ty = P; Ty <= (NumTileRows - 1); Ty++) {
for (T = 0; Tx <= (NumTileCols - 1); Tx++) {
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] - 2); y++)
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftNBIndexOfTile[Tx + 1] — 2); x++)
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.3.5
if((Tx==0) | | (HARD_TILING_FLAG ="<’TRUE)) { /* Left edge */
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[ ]) 9.9.8.2
MbDCLP[x][y][i][8] = arrayLocal[0]
MbDCLP[x|[¥][i][12] = arrayLocal[1]
MbDCLEPx][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[ ]) 9.9.8.2
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]

}
}
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][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]
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FirstLevelOverlapFilteringPrimary(i) {

Reference

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(arrayLocall ])

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]

K

}

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(arrayLocall ])

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][L5],
MbDCLP[x][y+1][i][3], 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]

[x][
MbDCLP[x][y+1][i][3] = arrayLocal[2]
MbDCLP[x][y+1][i][7] = arrayLocal[3]

}

}

if ((Ty = = NumTileRows - 1) | | (HARDITILING_FLAG = = TRUE)) { /* Bottom edge */

y = TopMBIndexOfTile[Ty + 1] +\I

for (x = LeftMBIndexOfTile[Tx]; x <= LeftMBIndexOfTile[Tx + 1] - 2; x++) {

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],
MbDCLP[x+1][y]{i][8], MbDCLP[x+1][y][i][9]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP§x]Iy][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][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]

MbDCLP[x][y][i][15] = arrayLocal[1]

MbDCLP[x+1][v][i][12] = arrayLocal[2]

MbDCLP[x+1][y][i][13] = arrayLocal[3]

}

}

if ((Tx==0) && (Ty==0)) | | (HARD_TILING_FLAG = = TRUE)) { /* Top left corner */

x = LeftMBIndexOfTile[Tx]

y = TopMBIndexOfTile[Ty]

arrayLocal[ ] = {MbDCLP[x][y][i][0], MbDCLP[x][y][i][1],
MbDCLP[x][y][i][4], MbDCLP[x][y][i][5]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][0] = arrayLocal[0

]
MbDCLP[x][y][i][1] = arrayLocal[1]
MbDCLP[x][y][i][4] = arrayLocal[2]
MbDCLP[x][y][i][5] = arrayLocal[3]

© ISO/IEC 2019 - All rights reserved

125


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29199-2:2020(E)

FirstLevelOverlapFilteringPrimary (i) {

Reference

}

if (((Tx = = NumTileCols - 1) && (Ty = = 0)) | | (HARD_TILING_FLAG = = TRUE)) {

/* Top right corner */

x = LeftMBIndexOfTile[Tx + 1] - 1

y = TopMBIndexOfTile[Ty]

arrayLocal[ | = {MbDCLP[x][y][i][2], MbDCLP[x][y][i][3],
MbDCLP[x][y][i][6], MbDCLP[x][y][i][7]}

OverlapPostFilter4(arrayLocall ])

9.9.8.2

MbDCLP[x][y][i][2] = arrayLocal[0]

MbDCLP[x][y][i

i][3] = arrayLocal[1]

[x][y][El [
MbDCLP[x][y][i][6] = arrayLocal[2]
MbDCLP[x][y][i][ [

]
1[y][i][7] = arrayLocal[3]

/* Bottom left corner */

(((Tx = = 0) && (Ty = = NumTileRows - 1)) | | (HARD_TILING_FLAG = = TRUE)) {

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(arrayLocall ])

9.9.8.2

MbDCLP[x][y][i][8] = arrayLocal[0]

MbDCLP[x][y][i][9] = arrayLocal|1]

[X][yI[i]
MbDCLP[x][y][i][12] = arrayLocal[2]
MbDCLP[x][y][i][13] = arrayLocal[3]

(((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]{¥][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]

[X][yI[i]
MbDCLP[x][y][i][14] = arrayLocal[2]
MbDCLP[x][y][i][15] = arrayLogal{3]

((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)

9.9.3.9

((HARD_TILING_FLAG = = FALSE) && (Ty != NumTileRows - 1)) {
/* Bottom across for soft tiles */

y=TopMBIndexOfTile[Ty + 1] - 1

for(x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++)

FirstLevelCallOverlapPostFilter4x4(i, X, y)

9.9.3.5

}

if

((HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1) &&
(Ty != NumTileRows - 1)) { /* Bottom across for soft tiles */

x = LeftMBIndexOfTile[Tx + 1] - 1

y = TopMBIndexOfTile[Ty + 1] - 1

FirstLevelCallOverlapPostFilter4x4(i, X, y)

9.9.3.5

}

if ((HARD_TILING_FLAG = = FALSE) && (Tx = = 0) && (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],
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MbDCLP[x][y+1][i][0], MbDCLP[x][y+1][i][4]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2

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(arrayLocall ]) 9.9.8.2
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]
}
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(arrayLocall ]) 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][yi{i}[7],
MbDCLP[x+1][y][i][4], MbDCLP[x+1][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] = arrayLocal3]
}
if (HARD_TILING_FLAG = = FALSE) && (Tx = = NumTileCols - 1) &&
(Ty != NumTileRows - 1)) {/* Right edge for soft tiles */
X = LeftMBIndexOfTilefTx+ 1] - 1
y = TopMBIndexOfTile[Ty + 1] - 1
arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][14],
MbDCLP[x]ly+1][i][2], MbDCLP[x][y+1][i][6]}
OverlapPdstFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLR[x][y][i][10] = arrayLocal[0]
MbDCEP[x][y][i][14] = arrayLocal[1]
MbDBCLP[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]
MbDCLP[x][y+1][i][4] = arrayLocal[2]
MbDCLP[x][y+1][i][7] = arrayLocal[3]
}
if (HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 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], MbDCLP[x][y][i][11],
MbDCLP[x+1][y][i][8], MbDCLP[x+1][y][i][9]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][10] = arrayLocal[0]
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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][i][15],
MbDCLP[x+1][y][i][12], MbDCLP[x+1][y][i][13]}

OverlapPostFilter4(arrayLocall ])

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]

}

9.9.3.3 FirstLevelOverlapFiltering422()

Pseudocode fi

r the function FirstLevelOverlapFiltering422( ) is specified in Table 154.

Table 154 — Pseudocode for function FirstLevelOverlapFiltering422()

FirstLevel Oy

erlapFiltering422 i) {

Refer¢nce

for (Ty =

D; Ty <= (NumTileRows - 1); Ty ++) {

if ((Ty

= = 0) | | (HARD_TILING_FLAG = = TRUE)) { /* Top edge */

/*

OverlapPostFilterl */

y

= TopMBIndexOfTile[Ty]

MpDCLP[LeftMBIndexOfTile[0]][y][i][0] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][1]

/* Upper left corner difference */

MpDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][1]¢>=

MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y}}i][0] /* Upper right corner difference */

(HARD_TILING_FLAG = = TRUE)

for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {

MbDCLP[LeftMBIndexOfTile[Tx]][y]{i{{0] —= MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][1]

MbDCLP[LeftMBIndexOfTile[Tx] = T}{y][i][1] -=
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][0]

}

}

if ((Ty == NumTileRows - 1) | | (HARD_TILING_FLAG = = TRUE)) { /* Bottom edge */

/*

OverlapPostFilter1 */

v E TopMBIndexOfTile[Ty+ 1] - 1

MbDCLP[LeftMBIndéxOfTile[0]][y][i][6] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][7]

/* Bottom left'corner difference */

MpDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][7] -=

MbDCLPTLeftMBIndexOfTile[NumTileCols] - 1][y][i][6] /* Bottom right corner difference */

if (HARD<TILING_FLAG = = TRUE)

for\(Tx = 1; Tx < (NumTileCols - 1); Tx++) {

MbDCLP[LeftMBIndexOfTile[Tx]][y][i][6] == MbDCLP[LeftMBIndexOfTile[Tx]][y][i][7]

MbDCLP[LeftMBIndexOfTile[Tx] — T][y][i][7] -=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][6]

}

}

for (Tx = 0; Tx <= (NumTileCols - 1); Tx++) {

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] = 1); y++)

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] - 2); x++) {

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y][i][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]
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MbDCLP[x+1][y][i][4] = arrayLocal[3]
if (v != (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[ ]) 9.9.8.3
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]

}
}
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][i][4]}
OverlapPostFilter2(arrayLocall ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][4] = arrayLocal[1]
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]

}

}
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][i][5]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x][y][i][5] = arrayLecal[1]
if (v != (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]

}
}
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

MbRCIPRPLALGALII] — o] 2101
IO SO XTI ] Sy =0 €aToT

MbDCLP[x+1][y][i][0] = arrayLocal[1]

}
}
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][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]

}

}
if (HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1)) {
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/* Right 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][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][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]

}

if ((HARD_TILING_FLAG = = FALSE) && (Ty != NumTileRows - 1)) {
/* Bottom across for soft tiles */
y = TopMBIndexOfTile[Ty + 1] - 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] - 2);%3+) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y][i][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][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[Q]
MbDCLP[x+1][y][i][6] = arrayLoeal[1]
MbDCLP[x][y+1][i][1] = arraylocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

}

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+1][y][i][2],
MbDCLP[x][y][i][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][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]

}
if ((HARD_TILING_FLAG = = FALSE) && (Tx = = 0) && (Ty != NumTileRows - 1)) {
x = LeftMBIndexOfTile[Tx]
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y = TopMBIndexOfTile[Ty + 1] - 1
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y][i][4]}
OverlapPostFilter2(arrayLocall ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][4] = arrayLocal[1]
arrayLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocall ]) 9.9.8.4
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][i][5]}
OverlapPostFilter2(arrayLocall ]) 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(arrayLocall ]) 9.9.8.4
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+¥][y][i][0]}
OverlapPostFilter2(arrayLocall ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

}

if (HARD_TILING_FLAG = = FALSE) &&\(Tx != NumTileCols - 1) &&
(Ty = = NumTileRows - 1)) {
x = LeftMBIndexOfTile[Tx +A] - 1
y = TopMBIndexOfTile[Ty +1] - 1
arrayLocal[ ] = {MbDCLB[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]

}

}
if ((Ty = =.0)-] (HARD_TILING_FLAG = = TRUE)) { /*Top edge */
/* OverlapPostFilterl */
y = TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] += MbDCLP[LeftMBIndexOfTile[0]][y][i][1]
/* Upper left corner addition */
MbDCI D[l pﬁ'MRlndeﬂf’T‘ilp[Nanilp(‘n]c] = 1][V] [1] [1] 4=
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][0] /* Upper right corner addition */
if (HARD_TILING_FLAG = = TRUE)
for (Tx = 1; Tx < (NumTileCols - 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[Tx]][y][i][0] += MbDCLP[LeftMBIndexOfTile[Tx]][y][i][1]
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][1] +=
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][0]

}

}
if ((Ty = = NumTileRows - 1) | | (HARD_TILING_FLAG = = TRUE)) { /* Bottom edge */
/* OverlapPostFilterl */
y = TopMBIndexOfTile[Ty + 1] - 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][6] += MbDCLP[LeftMBIndexOfTile[0]][y][i][7]
/* Bottom left corner addition */
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FirstLevelOverlapFiltering422(i) { Reference
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][i][7]
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][7] +=
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][6]

}

}
9.9.3.4 FirsltLevelOverlapFiltering420()

Pseudocode for the function FirstLevelOverlapFiltering420( ) is specified in Table 155.

Table 155 — Pseudocode for function FirstLevelOverlapFiltering420(()

FirstLevelOverlapFiltering420(i) { Reference
for (Ty = P; Ty <= (NumTileRows - 1); Ty ++) {
if (Ty==0) | | (HARD_TILING_FLAG = = TRUE)) { /* Top edge */
/| OverlapPostFilter1 */
y E TopMBIndexOfTile[Ty]
MryDCLP[LeftMBIndexOfTile[O]][y] [i][0] == MbDCLP[LeftMBIndexOfTile[0T][y][i][1]
/* Upper left corner difference */
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][1] -=
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][0] /*Upper right corner difference */
if (HARD_TILING_FLAG = = TRUE)
for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[Tx]][y][i][0] == MbDCLP[LeftMBIndexOfTile[Tx]][y][i][1]
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][1f+==
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y]{][0]

}

}
if ((Ty = = NumTileRows - 1) | | (HARD_TILING_FLAG = = TRUE)) { /* Bottom edge */

/| OverlapPostFilter1 */

v E TopMBIndexOfTile[Ty + 1] - 1
MpDCLP[LeftMBIndexOfTile[0]1[y}[i][2] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][3]
/* Bottom left corner difference */
MbD(LP[LeftMBIndexOfTile[fNumTileCols] - 1][y][i][3] -=
MpDCLP[LeftMBIndexQfTile[NumTileCols] - 1][y][i][2] /* Bottom right corner difference */
if (HARD_TILING_FLAG = = TRUE)
for (Tx = 1; Tx'&(NumTileCols - 1); Tx++) {

MbDCEP[LeftMBIndexOfTile[Tx]][y][i][2] == MbDCLP[LeftMBIndexOfTile[Tx]][y][i][3]

MbDCDOP[LeftMBIndexOfTile[Tx] - 1][y][i][3] -=

MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][2]

)

}
for (TX = U; TX <= (NumTileCols — 1J; Tx+¥J {
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] - 2); y++)
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[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]}
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 ((Tx==0) | | (HARD_TILING_FLAG = = TRUE)) { /* Left edge */
x = LeftMBIndexOfTile[Tx]
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] - 2); y++) {
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FirstLevelOverlapFiltering420(i) { Reference
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocall ]) 9.9.8.4

MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y+1][i][0] = arrayLocal[1]

}
}
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
MbDCLPI[x][y]|1][3] = arrayLocal[O]
MbDCLP[x][y+1][i][1] = arrayLocal[1]

}
}
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(arrayLocall ]) 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] - 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] - 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP{x+1][y][i][2]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]

}
}
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 + 1] - 2); y++) {
arrayLocal[ | s{MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLPx][y+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapRostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLPJx][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) && (Ty != NumTileRows - 1)) {

/* Bottom across for soft tiles */

y = TopMBIndexOfTile[Ty + 1] -1

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[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]}

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 != NumTileCols - 1) &&
(Ty != NumTileRows - 1)) {
X = LeftMBIndexOfTile[Tx + 1] - 1
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FirstLevelOverlapFiltering420(i) { Reference
y = TopMBIndexOfTile[Ty + 1] - 1
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]}

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 = TopMBIndexOrTile[Ty + 1] — L

arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocall ]) 9:9:8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y+1][i][0] = arrayLocal[1]

—
-

((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]
MbDCLP[x][y+1][i][1] = arrayLocal[1]

if ((HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1J && (Ty = = 0)) {
x = LeftMBIndexOfTile[Tx + 1] - 1

y = TopMBIndexOfTile[Ty]

arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y}[1][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) && (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][i][2]}
OverlapPostFilter2 (arrayLocall ]) 9.9.8.4
MbDCLP[x][y][i][3] =\arrayLocal[0]
MbDCLP[x+1][y][i]{2] = arrayLocal[1]

}
}
if ((Ty ==0) | |J(HARD_TILING_FLAG = = TRUE)) { /*Top edge */
/*| OverlapPostFilter1 */
y E TopMBIndexOfTile[Ty]
MPDCLP[LeftMBIndexOfTile[O]] [y1[i][0] += MbDCLP[LeftMBIndexOfTile[0]][y][i][1]
7/ Upper left corner addition */
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][1] +=
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][0] /* Upper right corner addition */
if (HARD_TILING_FLAG = = TRUE)
for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[Tx]][y][i][0] += MbDCLP[LeftMBIndexOfTile[Tx]][y][i][1]
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][1] +=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][0]

}

}

if ((Ty == NumTileRows - 1) | | (HARD_TILING_FLAG = = TRUE)) { /* Bottom edge */
/* OverlapPostFilter1 */
y = TopMBIndexOfTile[Ty + 1] - 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][2] += MbDCLP[LeftMBIndexOfTile[0]][y][i][3]
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FirstLevelOverlapFiltering420(i) { Reference
/* 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]

}
9.9.3|5 FirstLevelCallOverlapPostFilterx4x4()

Pseudocode for the function FirstLevelCallOverlapPostFilter4x4( ) is specified in Table 156.

Table 156 — Pseudocode for function FirstLevelCallOverlapPostFilter4x4()

FirstLevelCallOverlapPostFilter4x4(i, 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],
[
[x
[

MbDCLP[x+1][y+1][i][0], MbDCLP[x+1][y+1][i][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][i][5]}
verlapPostFilter4x4(arrayLocal[ ]) 9.9.8.1
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]
]
]

MbDCLP[x][y][i][14] = arrayLocal[4]
MbDCLP[x][y][i][15] = arrayLocal[5]
MbDCLP[x+

[x

[

[

[

[

[x+1][y][i][12] = arrayLocal[6]
MbDCLP[x+1][y][i][13] = arrayLocal7]
MbDCLP[x][y+1][i][2] = arrayLocal[8]

[

[

[

[

[

[

[

[y
MbDCLP[x][y+1][i][3] = arrayLocal[9]
1][y+1][i][0}="arrayLocal[10]
1][y+1][i}]1] = arrayLocal[11]

MbDCLP[x+
MbDCLP[x+
MbDCLP[x][y+1][i]{6] = arrayLocal[12]
MbDCLP[x][y+4]]i}[7] = arrayLocal[13]
MbDCLP[x+N{y+1][i][4] = arrayLocal[14]
MbDCLP[x+1][y+1][i][5] = arrayLocal[15]

}
9.9.4| «Second level coefficient combination

NOTE At this point in the process, the DC-LP array coefficients have gone through the first-level transform and overlap
filtering. The DC-LP array coefficients and the HP coefficients are then combined in an image plane represented by the values
ImagePlane[i][x][y], where the colour component is specified by i, and x and y mark the location of the sample in the image
plane.

Inputs to this process are the values MbDCLP[MBx][MBy][i][j], and MBBuffer[MBx][MBy][i][j], for the current
macroblock.

Outputs to this process are the values of ImagePlane[i][x][y], for the current macroblock.
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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 (1==0) || (INTERNAL_CLR_FMT != YUV420) &&
(INTERNAL_CLR_FMT !=YUV422))) {
for (j = 0;j<=15;j++) {
x=16*MBx+4 *(j % 4)
y=16*MBy +4 * (j / 4)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i][j]

}
for (j = 0;j <= 255; j++) {
x=16*MBx+4*((/16) %)+ ([ % 4)
y=16*MBy +4*(j/64) +((i/4) % 4)
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_FMT = = YUV422) {

for (j=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]

}
for (j =0;j<=127; j++) {
x=8*MBx+4*((%32)/16) + ((%32) % 4)
y=16*MBy +4*(j /32) + ((j / 4).%9%)
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_FMT == YUV420) {

for (j=0;j<=3; j++){
x=8*MBx+4*(j% 2)
y=8*MBy+4*(j/2)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i][j]

}
for (j= 054'<=63; j++) {
%x=8*MBx+4*((j%32)/16) +(( % 32) % 4)
y=8*MBy+4*(j/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.

The second level inverse transform process is specified as in Table 158.
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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],
ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],
ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
trmagePtamefitfxiiy+=31 TmmagePlanetitx+1iiy+31;
ImagePlane[i][x+2][y+3], ImagePlaneli][x+3][y+3]}

1CT4x4(arrayLocal[ ]) 9.9.7.1

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlaneli][x+1][y] = arrayLocal
Il

] [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+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]

[i][
[i][
[l
[l
[l
[l
[l
ImagePlane[i][x][y+2] = arrayLocal[8]
[i][
[i][
[i][
[i][
[i][
[l
[l

ImagePlane[i][x+3][y+3] = arrayLoecal[15]

9.9.6
Input
Outpu
Outpy
NOTE

(W (
H

(2) (

Second level overlap filtering

to this process are the values ImagePlane[i][x][y] for the entire image plane.
ts to this process are the modified values ImagePlane[i][x][y] for the entire image plane.
ts to this process are the modified values ImagePlane[i][x][y] for the current macroblock.
The process specification below formalizes the geometric nature of the overlap filtering process. Therg

nterior): @t'every point in the image plane where 4 blocks meet in a corner, the 4x4 overlap filter is ap
lock straddling these 4 blocks evenly (i.e., overlapping with a 2x2 corner of each block).

fop<and bottom 2 rows): along both the top two sample rows and the bottom two sample rows of the img

P

oinmtovertap fitter isapplied eventy acrossadjacent biock boumdaries tovertapping wittra <2 strip of each block).

are 4 cases:

blied to the 4x4

ge plane, the 4-

(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

e

ach 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).
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The second-level overlap filtering process is specified in Table 159.

Table 159 — Pseudocode for function SecondLevelOverlapFiltering( )

SecondLevelOverlapFiltering() {

Reference

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

if ((il=

0) && ((INTERNAL_CLR_FMT = = YUV422) | | (INTERNAL_CLR_FMT = = YUV420)))

dx

=2

else

dx

=1

if ((il=

0) && (INTERNAL_CLR_FMT = = YUV420))

dy

=2

else

dy

=1

for (T

K

= 0; Tx <= (NumTileCols - 1); Tx++) {

fol

(Ty = 0; Ty <= (NumTileRows - 1); Ty++) {

for (x = 16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx - 2J;
x+=4)

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],
ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3},
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3Hy+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+2][y+1] = arrayLocal[6]

ImagePlane[i][x+3][y+1] =tarrayLocal[7]

[
[
[
ImagePlane[i][x+1][y+1] = arraybocal[5]
[
[
[
[

ImagePlane[i][x+1][y+2] = arrayLocal[9]

ImagePlane[i][x%2][y+2] = arrayLocal[10]
ImagePlanelil{x+3][y+2] = arrayLocal[11]

ImagePlaneli}{x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

[i]
[i]
[i]
[i]
[i]
[i]
[i]
ImagePlane[i][x][y+2]'=\arrayLocal[8]
[i]
[i]
1]
[i]
[i]
[i]
[i]

[
ImagePlane[i][x+2][y+3] = arrayLocal[14]
ImagePlane[i][x+3][y+3] = arrayLocal[15]

)

if ((Tx)= = 0) | | (HARD_TILING_FLAG = = TRUE)) { /* Left edge */

for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1] / dy - 2);

y =1

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]

ImagePlaneli][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], ImagePlaneli][x][y+3]}

OverlapPostFilter4(arrayLocall ])

9.9.8.2
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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 ((Ty ==0) | | (HARD_TILING_FLAG = = TRUE)) { /* Top edge */

for (x = 16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx - 2);
x+=4){
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]
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],
ImagePlaneli][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocall ]) 9.9.8.2
ImagePlaneli][x][y] = arrayLocal[0]
ImagePlaneli][x+1][y] = arrayLocal[1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

}

}
if ((Tx = = NumTileCols - 1) | | (HARD_TILINGFLAG = = TRUE)) { /* Right edge */

for (y = 16 * TopMBIndexOfTile[Ty] / dy*#2; y < (16 * TopMBIndexOfTile[Ty + 1] / dy - 2);
y+=4){
x = 16 * LeftMBIndexOfTile[ Tx%1] / dx - 2
arrayLocal[ ] = { ImagePlaneli}[x][y], ImagePlane[i][x][y+1],

ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocall ]) 9.9.8.2
ImagePlane[i][x][y] =arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[1]
ImagePlanefi|[x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]
x = 16. X \LeftMBIndexOfTile[Tx + 1] /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 ((Ty = = NumTileRows - 1) | | (HARD_TILING_FLAG = = TRUE)) { /* Bottom edge */
for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx - 2);
x+=4){
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
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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]
[i][x+3][

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[i][x+1][y] = arrayLocal[1]
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]
ImagePlaneli][x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}

if (((Tx = = 0) && (Ty = = NumTileRows <\19) | | (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], ImagePlane[i][x+1][y+1]}

OverlapPostFilter4(axrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y]= arrayLocal[0]
ImagePlane[i][x#1][y] = arrayLocal[1]
ImagePlaneli]{x][y+1] = arrayLocal[2]
ImagePlané[i][x+1][y+1] = arrayLocal[3]

}
if (((Tx="= NumTileCols - 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]}
OverlapPostFilter4(arrayLocall ]) 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 (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);
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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],
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]

Image Plane(1j{xF 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+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]

[i][
[i][
[i][
[i][
[L
(L
ImagePlane[i][x+1][y+2] = arrayLocal[9]
[L
[L
[L
[i][
[i][
[i][

— e === e = == = =

[
ImagePlane[i][x+3][y+3] = arrayLocal[15]

}

}

if ((HARD_TILING_FLAG = = FALSE) && (Tyd=NumTileRows - 1)) {
/* Bottom across for soft tiles */

y = 16 * TopMBIndexOfTile[Ty + 1} Ady - 2

x+=4){

for (x = 16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx - 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],
ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlaneli][x+2][y+3], ImagePlane[i][x+3][y+3]}

OwverlapPostFilter4x4(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]

————————ImagePlanefiipaH{y—H=arraylecal{5]
o7

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] = arrayLocal|9]
i

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]

[i]
[i]
[i]
[i] [
ImagePlane[i][x+2][y+2] = arrayLocal[10]
[i]
[i]
[i]
[i]
[i]

— = ==

[
ImagePlane[i][x+3][y+3] = arrayLocal[15]

}

}

if (HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1) &&
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(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],
[i][
[i][x

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]}
OverlapPostrilterdx4{arrayLocai] |J 9,98
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]
ImagePlaneli][x][y+2] = arrayLocal[8]
[i][
[i][
[i][
[i][
[i][
[i][
[i][

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 = = 0) && (Ty != NumTileRows - 1)) {
/* Left edge for soft tiles */
y =16 * TopMBIndexOfTile[Ty + 1] / dy +2
x = 16 * LeftMBIndexOfTile[Tx] / dx
arrayLocal[ ] = {ImagePlane[i][x][y], TmagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocalf]) 9.9.8.2
ImagePlane[i][x][y] = arraykocal[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]}
OvernlapPostFilter4(arrayLocall ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlaneli][x][y+1] = arrayLocal[1]
ImagePlaneli][x][y+2] = arrayLocal[2]
TmagePlane[i][x[[y+3] = arrayLocal[3]

}

if (HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1) && (Ty = = 0)) {
/* Top edge for soft tiles */
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]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]
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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(arrayLocall ])

9.9.8.2

ImagePlaneli][x][y] = arrayLocal[0]

ImagePlaneli][x+1][y] = arrayLocal[1]

[i]]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

}

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 * LeftMBIndexOfTile[Tx + 1] /dx -1

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlaneli][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocall ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x][y+1] = arrayLocal[1]

[ [x][
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)) { /* Bottem edge for soft tiles */

x = 16 * LeftMBIndexOfTile[Tx +£11] / dx - 2

y =16 * TopMBIndexOfTile[Fy+ 1] / dy - 2

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y}, ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocall ])

9.9.8.2

ImagePlane[i][x][y]'= arrayLocal[0]

ImagePlaneli][x¥1][y] = arrayLocal[1]

ImagePlanefi][x+2][y] = arrayLocal[2]

ImageRlane[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]

[
i][x+2][y] = arrayLocal|2]
[

[
ImagePlane[i
ImagePlane[i][x+3][y] = arrayLocal[3]

]
]
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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.

The function ICT4x4( ) is specified by the pseudocode in Table 160.

Table 160 — Pseudocode for function ICT4x4()

ICT4x4(iCoeff] ]) { Reference
/1 Permute the coefficients */
InvPermute(iCoeft[ ]) 9,9:7.5

/1 First stage */

afrayLocal[ ] = {iCoeff[0], iCoeff[1], iCoeft[4], iCoeff[5]}
T2x2h(arrayLocal[ ], 1) 9.9.7.2
(oeft[0] = arrayLocal[0]

(oeff[1] = arrayLocal[1]

oeff[4] = arrayLocal[2]

oeff[5] = arrayLocal[3]

rayLocal[ ] = {iCoeff[2], iCoeff[3], iCoeff[6], iCoeff[7]}
vTodd(arrayLocal[ ]) 9.9.7.3
oeff[2] = arrayLocal[0]
oeff[3] = arrayLocal[1]
oeff[6] = arrayLocal[2]
oeff[7] = arrayLocal[3]

rayLocal[ ] = {iCoeff[8], iCoeff[12], iCoeff[9], iCoeff[13]}
vTodd(arrayLocal[ ]) 9.9.7.3
oeff[8] = arrayLocal[0]

oeff[12] = arrayLocal[1]

oeff[9] = arrayLocal[2]

oeff[13] = arrayLocal[3]

rayLocal[ ] = {iCoeff[10], iCoeff[11], i€oeff[14], iCoeff[15]}
vToddodd(arrayLocal[ ]) 9.9.7.4
oeff[10] = arrayLocal[0]

oeff[11] = arrayLocal[1]

oeff[14] = arrayLocal[2]

oeff[15] = arrayLocal[3]

/1 Second stage */

rayLocal[ ] = {iCoeff[0], iCoeff[3], iCoeff[12], iCoeff[15]}
Px2h(arrayliocal{ ], 0) 9.9.7.2
oeff[0] = arrayLocal[0]

(oeff[3]=arrayLocal[1]

(oeff[12] = arrayLocal[2]

(oefff15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[5], iCoeff[6], iCoeff[9], iCoeff[10]}
T2x2h(arrayLocal[ ], 0) 9.9.7.2
iCoeff[5] = arrayLocal[0]

iCoeff[6] = arrayLocal[1]

iCoeff[9] = arrayLocal[2]

iCoeff[10] = 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], iCoeff[8], iCoeff[11]}
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ICT4x4(iCoeff[ ]) {

Reference

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[4] = arrayLocal[0

iCoeff[7] = arrayLocal[1

]

[ ]

iCoeff[8] = arrayLocal[2]
iCoeff[11] = arrayLocal[3]

}

NOTE 2 Each stage consists of four 2x2 transforms which can 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.

9.9.7

2 T2x2h()
CJ

The fu

NOTE
invokd
iCoeff]|

9.9.7

The f

nction T2x2h( ) is specified in Table 161.

The variable valRound is a rounding control variable. The value of valRound is set to 0 or 1 by tHe function that
s T2x2h(). The inverse of T2x2Th() is two successive applications of T2x2Th, operating on variables of the array

] with the same value of valRound.

Table 161 — Pseudocode for function T2x2h()

T2x2h(iCoeff] ], valRound) {

Reference

iCoeff[0] += iCoeff[3]

iCoeff[1] —= iCoeff[2]

valT1 = ((iCoeff[0] — iCoeff[1] + valRound) >>1)

valT2 = iCoeff[2]

iCoeff[2] = valT1 - iCoeff[3]

iCoeff[3] = valT1 - valT2

[
iCoeff[0] —= iCoeff[3]
iCoeff[1] += iCoeff[2]

3 InvTodd()

nction InvTodd( ) is specified by the pseudocode in Table 162.

Table'162 — Pseudocode for function InvTodd()

InvTodd(i€oeff] ] {

Reference

iCoeff[1] += iCoeff[3]

iCoeff[0] —= iCoeff[2]

iCoeff[3] —= (iCoeff[1] >> 1)

iCoeff|2] += ((iCoeff[0] + 1) >> 1)

iCoeff[0] —= ((3* iCoeff[1] + 4) >> 3)

iCoeff[2] —= ((3* iCoeff[3] + 4) >> 3)

[
[
[
iCoeff[1] += ((3* iCoeff[0] + 4) >> 3)
[
[

—r———

iCoeff[3] += ((3* iCoeff[2] + 4) >> 3

iCoeff|2] —= ((iCoeff[1] + 1) >> 1)

s ooy o oo PRV
TCoEl o — (TCoelUT+1j T —T1COEIl[ O]

iCoeff[1] += iCoeff[2]

iCoeff[0] —= iCoeff[3]

© ISO/IEC 2019 - All rights reserved
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9.9.7.4 InvToddodd()

The function, InvToddodd( ) is specified by the pseudocode in Table 163.

9.9.7.5 Inv

The function

Table 163 — Pseudocode for function InvToddodd

InvToddodd(iCoeff[ ]) {

Reference

iCoeff[3] += iCoeff[0]

iCoeff[2] —= iCoeff[1]

valT1 =iCoeff[3] >> 1

valT2 = iCoeff[2] >> 1

i(‘npff'[ﬂ] —=valTl

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[2] += iCoeff]

iCoeff[3] —= iCoeff]

[

[

[

[
iCoeff[0] += valT1

[ [1]

[ [0]
iCoeff[1] = —iCoeff[1]
iCoeff[2] = —iCoeff[2]

}

ermute()

input to this
the re-orderedl array arrayInput([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

146

nvPermute( ) operates on an ordered array of 16 sample values, producing a permuted list. The
nction is the ordered array arraylnput[i], for i ranging from 0 to 15. The output of this function is

i InvPermArrJi]
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
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The function InvPermute( ) is specified as in Table 165.

Table 165 — Pseudocode for function InvPermute( )

InvPermute(arraylnput| ]) { Reference
for (i=0;i<=15;i++)
arrayTemp|[InvPermArr[i]] = arraylnput/i]
for (i=0;i<=15;i++)
arraylnput[i] = arrayTemp[i]

}
9.9.7.6 InvPermute2pt()

The ﬁlnction InvPermute2pt( ) operates on an ordered array of 2 sample values, producing a pernlluted list. The
input fto this function is the ordered array arraylnput([i], for i ranging from 0 to 1. The output-of this function is the
re-ordered array arraylnput[i].

The fynction InvPermute2pt( ) is specified as in Table 166.

Table 166 — Pseudocode for function InvPermute2pt()

InvPermute2pt() { Refprence
arrayTemp[0] = arraylnput[1]
arrayTemp[1] = arraylnput[0]
for (i=0;i<=1;i++)

arraylnput[i] = arrayTemp[i]

}
9.9.7\7 T2pt()

The function T2pt( ) is specified by the pseudocode in,Table 167.

Table 167 — Pseudocode for function T2pt()

T2pt(iCoeff] ]) { Reference
iCoeff[0]<="(iCoeff[1]+1) >> 1
iCoeff[L] += iCoeff[0]
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9.9.8 Overlap filtering functions
9.9.8.1 OverlapPostFilter4x4()

The function OverlapPostFilter4x4( ) is specified in Table 168.

Table 168 — Pseudocode for function OverlapPostFilter4x4()

OverlapPostFilter4x4(iCoeff] 1) {

Reference

arrayLocal[ ] = {iCoeff[0], iCoeff[3], iCoeff[12], iCoeff[15]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

1Coeft] 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], iCoeff[8], iCoeff[11]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[4] = arrayLocal[0

]
iCoeff[7] = arrayLocal[1]
iCoeff[8] = arrayLocal[2]

iCoeff[11] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[5], iCoeff[6], iCoeff[9], iCoeff[10}}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[5] = arrayLocal[0]
iCoeff[6] = arrayLocal[1]

iCoeff[9] = arrayLocal[2]

iCoeff[10] = arrayLocal[3]

arrayLocall ] = {iCoeff[13], iCoeff[12]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[13] = arrayLocal[0]

iCoeff[12] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[9], iCoeff[8]}

InvRotate(arrayLocal[\)

9.9.8.5

iCoeff[9] = arrayLiocal[0]

iCoeff[8] = arrayLocal[1]

arrayLocal[] . =\{iCoeff[7], iCoeff[3]}

InvRotatefarrayLocal[ ])

9.9.8.5

iCoeff[7] = arrayLocal[0]

[
iCoeff[3] = arrayLocal[1]

arrayLocall ] = {iCoeff[6], iCoeff[2]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[6] = arrayLocal[0]

iCoeff[2] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[10], iCoeff[11], iCoeff[14], iCoeff[15]}

InvToddoddPOST (arrayLocal[ ])

9.9.8.8

iCoeff[10] = arrayLocal[0]

iCoeff[11] = arrayLocal

[ [1]
iCoeff[14] = arrayLocal[2]
iCoeff[15] = arrayLocal[3]
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OverlapPostFilter4x4(iCoeff] 1) {

Reference

arrayLocal[ ] = {iCoeff[0], iCoeff[15]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[0] = arrayLocal[0]

iCoeff[15] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[1], iCoeff[14]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[1] = arrayLocal[0]

iCoeff[14] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[4], iCoeff[11]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[4] = arrayLocal[0]

iCoeff[11] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[5], iCoeff[10]}

InvScale(arrayLocal[ ])

9.9.6.6

iCoeff[5] = arrayLocal[0]

iCoeff[10] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[0], iCoeff[3], iCoeff[12], iCoeff[15]}

T2x2hPOST(arrayLocal[ )

9.9.8.7

iCoeff[0] = arrayLocal[0]
iCoeff[3] = arrayLocal[1]

iCoeff[12] = arrayLocal[2]

iCoeff[2], iCoeff[13], iCoeff[14]}

arrayLocal[ ] = {iCoeff[1]
[

T2x2hPOST (arrayLocal[ ])

9.9.8.7

iCoeff[1] = arrayLocal[0

]
iCoeff[2] = arrayLocal[1]

iCoeff[13] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]
3

iCoeff[14] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[4], iCoeff[7], iCoeff[8],iCoeff[11]}

i
T2x2hPOST(arrayLocal[ )

9.9.8.7

iCoeff[4] = arrayLocal[0]
iCoeff[7] = arrayLocal[1]

iCoeff[8] = arrayLocal[2]

iCoeff[11] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[5], iCoeft[6], iCoeff[9], iCoeff[10]}

T2x2hPOST (arrayLogal[ ])

9.9.8.7

iCoeff[5] = arrayLocal[0

iCoeff[6] = arrayLocal|

]

[ 1]

iCoeff[9] =arrayLocal[2]
iCoeff[10].='arrayLocal[3]
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9.9.8.2 OverlapPostFilter4()

The function OverlapPostFilter4( ) is specified in Table 169.

9.9.8.3 Ove|

The function

Table 169 — Pseudocode for function OverlapPostFilter4()

OverlapPostFilter4(iCoeff] ]) {

Reference

iCoeff[0] += iCoeff[3]

iCoeff[1] += iCoeff[2]

iCoeff[3] —= ((iCoeff[0] + 1) >> 1)

iCoeff[2] —= ((iCoeff[1] + 1) >>1)

9986

InvScale(iCoeff[0] iCoeff[3])

InvScale(iCoeff[1], iCoeff[2])

9.9.8.6

iCoeff[0] += ((iCoeff[3] * 3+ 4) >> 3)

iCoeff[1] += ((iCoeff[2] * 3 + 4) >> 3)

iCoeff] = (iCoeff[0] >> 1)

iCoeff] = (iCoeff[1] >>1)

iCoeff[1] += iCoeff[2]

[1
[3
[2
iCoeff[0] += iCoeff[3]
[1
[3
[2

iCoeff] -iCoeff[2]

InvRotate(iCoeff[2], iCoeff[3])

9:9:875

iCoeff[3] += ((iCoeff[0] + 1) >> 1)

N|W

iCoeff[2] += ((iCoeff[1] + 1) >> 1)

]
1-
1-
]
1
iCoeff[3] = —iCoeff[3]
1=
t
]
]
1-
1-

[

[
iCoeff[0

[

[
= iCoeff[3]
iCoeff[1 ]

= iCoeff[2

}

rlapPostFilter2x2()
verlapPostFilter2x2( ) is specified in Table 170;

Table 170 — Pseudocode for-fiinction OverlapPostFilter2x2()

OverlapPostFilter2x2(iGoeff] ]) {

Reference

iCoeff[0] += iCoeff[3]

iCoeff[1] += iCaeff[2]

iCoeff[3] —=(((iCoeff[0] + 1) >> 1)

+1)>>1)

0
iCoeff[2] == ((iCoeft[1
0

iCoefffl]*= ((iCoeff[0] + 2) >> 2)

s_ls_ls_ls_l

iCoeff[0] += ((iCoeff[1] + 1) >> 1)

150

iCoeff[0] += (iCoeff[1] >> 5)
iCoeff[0] += (iCoeff[1] >>9)
iCoeff[0] += (iCoeff[1] >> 13)
iCoeff[1] += ((iCoeff[0] + 2) >> 2)
iCoeff[3] += ((iCoeff[0] + 1) >> 1)
iCoeff[2] += ((iCoeff[1] + 1) >> 1)
iCoefff0} == iCoeff[3]

iCoeff[1] —= 1C0eff[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] += ((iCoeff[0] + 2) >> 2)
iCoeff[0] += ((iCoeff[1] + 1) >> 1)
iCoeff[0] += (iCoeff[1] >> 5)
iCoeff[0] += (iCoeff[1] >>9)
tCoefffo+—"(iCoefffi{=>13)

iCoeff[1] += ((iCoeff[0] + 2) >> 2)

9.9.8{5 InvRotate()

The fynction InvRotate( ) is specified by the pseudocode in Table 172.

Table 172 — Pseudocode for function InvRotate(’)

InvRotate(iCoeff] ]) { Reférence
iCoeff[0] —= ((iCoeff[1] + 1) >>1)
iCoeff[1] += ((iCoeff[0] + 1) >> 1)

9.9.8/6 InvScale()
The fynction InvScale( ) is specified by the pseudocode in.Table 173.

Table 173 — Pseudocode for function InvScale()

InvScale(iCoeff[-])*{ Reference
iCoeff[0] +=iCoeff[1]
iCoeff[1] = (iCoeff[0] >> 1) - iCoeff[1]
iCoeff[0] += (iCoeff[1] *3 + 0) >> 3
iCoeff[1] += (iCoeff[0] * 3 + 0) >> 4
1Coeff[1] += (iCoeff[0] >> 7)
iCoeff[1] —= (iCoeff[0] >> 10)

9.9.8{7 T2x2hPOST()
The function T2x2hPOST( ) is specified by the pseudocode in Table 174.

Table 174 — Pseudocode for function T2x2hPOST()

T2x2hPOST(iCoeff] ]) { Reference
iCoeff[1] —= iCoeff[ 2]
iCoeff[0] += (iCoeff[3] * 3 + 4) >> 3
iCoeff[3] —= (iCoeff[1] >> 1)
iCoeff[2] = ((iCoeff[0] - iCoeff[1]) >> 1) - iCoeff[2]
valT1 = iCoeff[2]
iCoeff[2] = iCoeff[3]

iCoeff[3] = valT1
iCoeff[0] —= iCoeff[3]
iCoeff[1] += iCoeff[2]
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9.9.8.8 InvToddoddPOST()

The function I

9.10 Out
The final stag
intended outp

9.10.1 Over

First, the decd
format conve
conversions a
value for a ne
are rounded ¢
the internal in
to fit the appr

9.10.2 Outy

At the compld
internal colou

converts the dlecoded image-plane data into a representation specified by the OUTPUT_CLR_FMT and the ¢

bit depth. In
syntax elemer

The output fg

nvToddoddPOST( ) is specified by the pseudocode in Table 175.

Table 175 — Pseudocode for function InvToddoddPOST( )

InvToddoddPOST(iCoeff] ]) {
iCoeff[3] += iCoeff[0]
iCoeff[2] —= iCoeff[1]
valT1 = iCoeff[3] >> 1
valT2 = iCoeff[2] >> 1

Reference

tCoefffo=—valTt

iCoeff[1] += valT2

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]

i
put formatting

b of the decoder consists of converting the sample values recanstructed in the internal format
ut format as specified in subclause 9.10.2.

view

der may be required to perform upsampling teobtain an intermediate YUV444 format. Next,
rsion is applied to convert the internal s«Colour formats to output formats. The colour f
Ire specified below. A bias is added to thessample values, to re-centre the values around the ng
htral or zero intensity representation.:When the scaling mode is used, on the decoder side, the
own after colour conversion. For high numerical range formats (BD16, BD16S, BD32S and BI
teger representations need to be'converted to output representations. Finally, the values are ¢
ppriate range.

ut formatting stage

tion of the transform and overlap filtering, the sample values for the image are reconstructed
r format and an-internal two's complement integer representation. The output formatting

the specification of output formatting, the term INTERNAL_CLR_FMT refers to the correspd
t of the primary image plane.

to the

rolour
prmat
minal
alues

32F),

ipped

in an
stage
utput
nding

rmatting process is specified for the combinations of OUTPUT_BITDEPTH and OUTPUT_CLH

L FMT

that are listed

In this table,

1In lable 1/6.

+" indicates that output formatting is specified for the corresponding combinatio

ns of

OUTPUT_BIT_DEPTH and OUTPUT_CLR_FMT. The combination of OUTPUT_BIT_DEPTH and OUTPUT_CLR_FMT

shall not have

152

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
BD1WHITE1 +
BD1BLACK1 +
BD5 +
BD565 +
BD8 + + + + + + + + +
BD10 + + +
BD16 + + + + + + +
BD 169 + + +
BD 16} + +
BD32 + +
BD32} + +

The olitput formatting stage consists of several sub-processes that are performed as spécified in Table 177.

Table 177 — Pseudocode for function OutputFormatting( )

OutputFormatting() { Refprence
SamplingConversion( ) 9.103
ConvertinternalToOutputClrFmt( ) 9.104.1
AddBias() 9.10/5
ComputeScaling( ) 9.10J6
PostscalingProcess( ) 9.10J7.1
ClippingAndPackingStage() 9.10i8

}

9.10.3 Sampling conversion
9.10.3.1 General
The sampling conversion process is specified in Table 178.

The cpmbinations of INTERNAL_CLR,'FMT and OUTPUT_CLR_FMT for which sampling conversiong are specified
for conformance purposes are specified in Table 179. In this table, "+" indicates that no sampling|conversion is
required. It is a requiremeént of codestream conformance to this document that the combination of

INTERNAL_CLR_FMT and.QUTPUT_CLR_FMT shall not have a value corresponding to any empty cell jn Table 179.

In the illustrated case”in Table 178 in which upsampling is specified both vertically and hdrizontally for
INTERNAL_CLR_EMT equal to YUV420, the upsampling process to be performed by the decoder shall produce an
array |of two-dimensionally upsampled samples at the index values for which such samples arq produced as
specified by<Table 178. However, decoders may use alternative upsampling methods (different from|that specified
by Taple,178]) - the actual filtering method used to produce the values of the entries in the upsampled array is
outsidethe scope of this document. The particular filtering method specified by Table 178 is an example of how
such upsampled array values may be produced. For example, upsampling may be applied both vertically and
horizontally as a single process, or the relative ordering of the vertical and horizontal upsampling may be
switched.

NOTE  When TILING_FLAG is equal to TRUE and the transform processing does not cross tile boundaries (due either to
HARD_TILING_FLAG being equal to TRUE or OVERLAP_MODE being equal to 0), the example upsampling 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 would be desirable to instead design the upsampling process to be performed separately within each tile in order to avoid
this cross-tile dependency.
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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
}
}
Fabte 79— €onformrance-specified sampling conversions
OUTPUT_CLR_FMT INTERNAL_CLR_FMT
YONLY YUV420 YUV422 YUV444 YUVK NCOMPONENT
YONLY +
YUV420 +
YUV422 +
YUV444 + Upsample() |Upsample() |+
in the in the
vertical and |horizontal
horizontal direction
directions
RGB with + Upsample() |Upsample() |+
OUTPUT_B|TDEPTH in the in the
equal to BI}5, BD565, vertical and | horizontal
BD8, BD10{BD16, horizontal direction
BD16S or BD32S directions
RGB with +
OUTPUT_B|TDEPTH
equal to BD}16F or
BD32F
RGBE +
CMYK +
CMYKDIRECT +
NCOMPONENT +
9.10.3.2 Upsample()

In the chroma
original samp
the horizonta
output sampl

Otherwise, iOE1

sample colum|

index values

The upsamplll

upsampling function, for the chroma componenti (1 <=1 < NumComponents), let iOriArray] ]
e array before upsampling, and ilntArray|[ ] be the upsampled array. If upsampling is perforr
direction, iOriArray] ] is one input sample row of length ExtendedWidth[i] and ilntArray] ]
e row of length ExtendedWidth[0], and the variable iOriLength is set equal to ExtendedWi
iArray[ ] is)one input sample column of length ExtendedHeight[i] and ilntArray[ ] is one
of length'ExtendedHeight[0], and iOriLength is set equal to ExtendedHeight[i].

ng/process to be performed by the decoder shall produce an array of upsampled samples
forvwhich such samples are produced as specified by Table 180. However, decoders m4

be the
ned in
S one
dth[i].
utput

at the
y 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 document. 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] = ((iH[0] * iOriArray[Kk] +
iH[1] * iOriArray[Min(iOriLength - 1, k + 1)] + 4) >> 3)

}

The values of the filter coefficients iH[0], iH[1], iH[2], iH[3] for the chroma positions are specified by Table 181 as

a fund
is set

9.10.

9.10.

The ¢

bqual to CHROMA_CENTERING_X; otherwise, it is set equal to CHROMA_CENTERING_Y.

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
A Conversion from INTERNAL_CLR_FMT to OUTPUT«CER_FMT
4.1 Overview
nversion process proceeds as specified in Table 182.

Table 182 — Pseudocode for function Convertinternal ToOutputClrFmt()

tion of the variable chromaCentering. If Upsample( ) is applied in the horizontal direction, ¢hr

pmaCentering

ConvertinternalToOutputClrFmt( ) {

Reference

if (INTERNAL_CLR_FMT = = YUVK) &&
(OUTPUT_CLR_FMT = = CMYK))

InvColorFmtConvert3( ) 9.104.4

else if (INTERNAL_CLR_FMT & = YUVK) &&
(OUTPUT_CLR_FMT == CMYKDIRECT))

InvColorFmtConvert4() 9.10{4.5

else if (INTERNAL<CLR_FMT = = YONLY) &&
(OUTPUT_CLR_EMT = = RGB))

InvColorFmtConvert1( ) 9.104.2

else if ((INTERNAL_CLR_FMT = = YUV444) | |
(INTERNAL_CLR_FMT = = YUV422) | |
(INTERNAL_CLR_FMT = = YUV420)) &&
f(OUTPUT_CLR_FMT = = RGB) | | (OUTPUT_CLR_FMT = = RGBE)))

InvColorFmtConvert2() 9.104.3

else if (INTERNAL_CLR_FMT = = YONLY) &&

((OUTPUT_CLR_FMT = = YUV444) | | (OUTPUT_CLR_FMT = = YUV422) | |
(OUTPUT_CLR_FMT = = YUV420))) {

if (OUTPUT_CLR_FMT = =YUV420)

chromaHeight = ExtendedHeight[0] / 2

else

chromaHeight = ExtendedHeight[0]

if (OUTPUT_CLR_FMT = = YUV422) | | (OUTPUT_CLR_FMT = = YUV420))

chromaWidth = ExtendedWidth[0] / 2

else

chromaWidth = ExtendedWidth[0]

for (i=1;i<3;i++)

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

for (x = 0; x < chromaWidth; x++)
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ConvertinternalToOutputClrFmt( ) {

Reference

ImagePlane[i][x][y] = 0 /* Ensure that chroma is inferred as zero */

}

)

The combinations of INTERNAL_CLR_FMT and OUTPUT_CLR_FMT for which colour format conversions are

specified for conformance purposes are specified in Table 183. In this table,

indicates that no colour format

conversion is required. For cases that require colour format conversion, the function name for the conversion
process is specified in the table cell. It is a requirement of codestream conformance to this document that the
combination of INTERNAL_CLR_FMT and OUTPUT_CLR_FMT shall not have a value corresponding to any empty

cell in Table 183.

Table 183 — Conformance-specified colour format conversions

OUTPUT_CLR_FMT INTERNAL_CLR_FMT

YONLY

YUV420

YUV422

YUV444

YUVK

NCOMPONENT

YONLY +

YUV420

YUV422

+

YUV444 +

+

+

+

RGB with InvColorFmt
OUTPUT_B|TDEPTH Convert1()
equal to BI}5, BD565,
BD8, BD10|BD16,
BD16S or BD32S

InvColorFmt
Convert2()

InvColorFmt
Convert2()

InvColorFmt
Convert2()

RGB with
OUTPUT_B[TDEPTH
equal to BD}16F or

BD32F

InvCelorFmt
Convert2()

RGBE

InvColorFmt
Convert2()

CMYK

InvColorFmt
Convert3()

CMYKDIRECT

InvColorFmt
Convert4()

NCOMPONENT

The pseudodode functions InvE€elorFmtConvertl(), InvColorFmtConvert2(), InvColorFmtConvert3()
InvColorFmtQonvert4( ) that are referred to in Table 183 are specified in subclause 9.10.4.2, subclause 9.

subclause 9.109.4.4, and subclause 9.10.4.5, respectively.

9.10.4.2 InvCelorFmtConvert1()

The operations in InyColorFmtConvert1( ) are specified in Table 184.

and
10.4.3,

Table 184 — Pseudocode for function InvColorFmtConvert1()

InvColorFmtConvert1() {

Reference

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {

/* ImagePlane[0][x][y] G =

Y*/

ImagePlane[1][x][y] = ImagePlane[0][x][y] /*R=Y */

ImagePlane[2][x][y] = ImagePlane[0][x][y] /*B=Y*/
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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]
[*t=-U*/

Ol 1] 1 Dl ol ar.a A | Lo [aa) [ahY
arrayout | — mMager IairCTo X1V ] TTOOT(CCIMPT 27

/*G=Y - Floor(t+2)*/

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 = = BD5 | | OUTPUT_BITDEPTH = = BD565 | |
OUTPUT_BITDEPTH = = BD10) &&
IRED_BLUE_NOT_SWAPPED_FLAG) {

tempT = arrayOut[0]

arrayOut[0] = arrayOut[2]

arrayOut[2] = tempT

}

for (i=0;i<3;i++)

ImagePlaneli][x][y] = arrayOut[i]

9.10.4.4 InvColorFmtConvert3()

The operations in InvColorFmtConvert3( ) are specified in Table 186.

Table 186 — Pseuocode for function InvColorFmtConvert3()

[l

hvColorFmtConvert3() {

Reference

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {

arrayOut[3] = ImagePlane[3][x][y] + Floor(ImagePlane[0][x][y] + 2)
/* k=K +Floor(Y +2) */

arrayOut[1] 3 arrayOut[3] - ImagePlane[0][x][y] -
Flook(ImagePlane[1][x][y] + 2) /*m =k - Y - Floor(U + 2) */

arrayOut[0] = ImagePlane[1][x][y] + arrayOut[1] +
Eloor(ImagePlane[2][x][y] + 2) /*c=U + m + Floor(V+ 2) */

arrayOut[2] = arrayOut[0] - ImagePlane[2][x][y]
[*y=c-V*/

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

ImagePlane[i][x][y] = arrayOut[i]
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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 */

ror o o1 [PETIET N P,
array Out O ="ImmagePaneIX[{y| 7 ct=0"7

arrayOut[2] = ImagePlane[3][x][y] /*y = K*/

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

ImagePlane[i][x][y] = arrayOut[i]

}

9.10.5 Add}

The function
values.

Bias()

Table 188 — Pseudocode for function AddBias()

AddBias() specified in Table 188 performs the computation and addition of bias to the spmple

AddBia

5() {

Reference

if (S

CALED_FLAG)

i

Scale = 3

else

)

Scale =0

if (0

UTPUT_BITDEPTH = = BD5)

j

Bias = (1 << 4)

else

if (OUTPUT_BITDEPTH = = BD565)

j

Bias = (1 << 5)

else

if (OUTPUT_BITDEPTH = = BD8)

i

Bias = (1 << 7)

else

if (OUTPUT_BITDEPTH = = BD16)

i

Bias = (1 <<9)

elseif (OUTPUT_BITDEPTH == BD16)
iBias = (1 << 15)
else
iBias = 0
if (QUTPUT_BITBERTH ==BD16) | | (OUTPUT_BITDEPTH = =BD16S) | |

OUTPUT_BITDEPTH = = BD325))

j

Bias = (iBias >> SHIFT_BITS)

if ((

UTPUT_CLR_FMT = = RGB) | | (OUTPUT_CLR_FMT = = YUV444) | |

OUTPUT_CLR_FMT = = YUV422) | | (OUTPUT_CLR_FMT = = YUV420) | |

OLTRLIIT LR _DAMT MONMNISA L AIITOIIT AT D DAgm NCAOMPANENT

AW I}
(OOTT OT_CONI T — — TOUINGLJ [ [ (U IT O T_GON_TIVIT — — INGOIMIT OUINGIN T J [ ]

(OUTPUT_CLR_FMT = = CMYKDIRECT)) {

i

f ((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 ((i > 0) && (OUTPUT_CLR_FMT = = YUV420))

outputHeight = ExtendedHeight[0] / 2

else

outputHeight = ExtendedHeight[0]

if ((i>0) &&
((OUTPUT_CLR_FMT = = YUV422) | | (OUTPUT_CLR_FMT = = YUV420)))
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AddBias() {

Reference

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 (i=0;i<3;i++)

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++)

ImagePlane[i][x][y] += ((iBias >> 1) <<iScale) /*c,m, y */

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++)

ImagePlane[3][x][y] -= ((iBias >> 1) << iScale) /*k*/

}

9.10.6 ComputeScaling()

The fynction ComputeScaling( ) specified in Table 189 performs the computation of the scaling fac

the rounding factor iRoundingFactor, and modifies sample values based©n these two factors.

Table 189 — Pseudocode for function‘ComputeScaling( )

ComputeScaling( ) {

Re|

ference

iScale=0

or iScale, and

iRoundingFactor = 0

if (SCALED_FLAG) {

iScale =3

if (OUTPUT_BITDEPTH = = BD5) | | (OUTPUT_BITDEPTH = = BD565) | |
(OUTPUT_BITDEPTH = = BD8) | | (@UTPUT_BITDEPTH = = BD10) | |
(OUTPUT_BITDEPTH = = BD16$}/| | (OUTPUT_BITDEPTH = = BD16F) | |
(OUTPUT_BITDEPTH = = BD325) | | (OUTPUT_BITDEPTH = = BD32F))

iRoundingFactor = 3

else if ((OUTPUT_BITDEPTH = = BDIWHITE1) | |
(OUTPUT_BITDEPTEM= = BD1BLACK1) | | (OUTPUT_BITDEPTH = = BD16))

iRoundingFactor =4

}

if (OUTPUT_CLR_EMT = = RGB) | | (OUTPUT_CLR_FMT = = RGBE) | |
(OUTPUTCLR’FMT = = YUV444) | | (OUTPUT_CLR_FMT = = YUV422) | |
(OUTPUT_CLR_FMT = = YUV420))

outpttComponents = 3

else

outputComponents = NumComponents

for/(i = 0; i < outputComponents; i++) {

if ((i > 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 = ExtendedWidth[0]

if (OUTPUT_BITDEPTH = = BD565)) && (i != 1))

jScale =iScale + 1

else

jScale = iScale

for (y = 0; y < outputHeight; y++)
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ComputeScaling() { Reference
for (x = 0; X < outputWidth; x++)
ImagePlane[i][x][y] = ((ImagePlane[i][x][y] + iRoundingFactor) >> jScale)

}
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)
fdr (y = 0; y < ExtendedHeight[0]; y++)
for (x = 0; x < ExtendedWidth[0]; x++) {
for (k=0; k< 3; k++)
localArrayln[k] = ImagePlane[k][x][y]
PostScalingF2(localArrayOut[ ], localArrayIn[ ]) /* Produces 4 outputs for S.inputs | 9.10.7.4

*/

for (k=0; k< 4; k++)
ImagePlane[k][x][y] = localArrayOut[k]

}

else

—-
—_.

((OUTPUT_CLR_FMT ==RGB) | | (OUTPUT_CLR_FMT = = YUV%444) | |
(OUTPUT_CLR_FMT = =YUV422) | | (OUTPUT_CLR_FMT<=YUV420))
outputComponents = 3

else

outputComponents = NumComponents
fdr (i = 0; i < outputComponents; i++) {
if ((i > 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 =(ExtendedWidth[0]
if (OUTPUT_BITDEPTH ==BD16) | | (OUTPUT_BITDEPTH ==BD16S) | |
(OUTPUT_BITDEPTH = = BD325))
for (y £0;y < outputHeight; y++)
for)(x = 0; X < outputWidth; x++)
ImagePlaneli][x][y] = PostScalingInt(ImagePlane[i][x][y]) 9.10.7.2
else-if ((OUTPUT_BITDEPTH = = BD32F) | | (OUTPUT_BITDEPTH = = BD16F))
for (v = 0; y < outputHeight; y++)
for (x = 0; X < outputWidth; x++)
ImagePlane[i][x][y] = PostScalingFl(ImagePlane[i][x][y]) 9.10.7.3
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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.

NOTE
image
data ig

9.10.

When|
can bg

The P

Table 191 — Pseudocode for function PostScalingInt( )

PostScalingInt(inX) { Reference

outX = inX << SHIFT_BITS

return outX

)

unscaled.

7.3 PostScalingFl()

bstScalingFI( ) process computes the value fV as specified in Table(192.

Table 192 — Pseudocode for function PostScalingF1( )

In this manner, the output is moved from a 27-bit or 24-bit nominal range scaling to the rangescalihg specified for
reconstruction. The 27-bit range scaling applies when the data is scaled, and the 24-bit range scaling applies when the

OUTPUT_BITDEPTH is equal to BD32F or BD16F, the integer sample value iX'is converted to § value fV that
interpreted as a floating point representation.

PostScalingF1(iX) {

Reference

if (iX < 0)

iS=1

else

iS=0

if (OUTPUT_BITDEPTH = = BD16F) {

iEM = Min(Abs(iX), 32767)

fV = ((iS << 15) | iEM) /* Concatenate these fields*/

} else { /* 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

whilé ((iM < (1 << LEN_MANTISSA)) && (iE > 1) && (iM > 0)) {
iE -=
iM<<=1

}

HEM<{—<<FEN-MANTFISSAH
iE=0

else

iM "= (1 << LEN_MANTISSA)

iM <<= (23 - LEN_MANTISSA)

fV = ((iS << 31) | (iE << 23) | iM) /* Concatenate these fields */

}

return 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 arrayIn[] (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.

162

Table 193 — Pseudocode for function PostScalingF2( )

PostScalingF2(arrayOut] ], arrayIn| ]) {

Reference

/*arrayIn[ ]={R, G, B} */

/* arrayOut[ ]= {Rrgbe, Grgbe, Brgbe, Ergbe} */

if (arrayrinf0}<=03{
4rrayOut[0] = 0
JEr=0

} elsg if ((arrayIn[0] >> 7) > 1) {

drrayOut[0] = (arrayln[0] & 0x7F) + 128

iEr = (arrayIn[0] >> 7)

}elsk {

arrayOut[0] = arrayIn[0]

fEr=1

if (ayrayln[1] <= 0) {

drrayOut[1] =0

ijEg=0

}elsg if ((arrayIn[1] >>7) > 1) {

drrayOut[1] = (arrayln[1] & 0x7F) + 128

iEg = (arrayIn[1] >> 7)

1 elsk {

arrayOut[1] = arrayIn[1]

Eg=1

if (ayrayln[2] <= 0) {

arrayOut[2] =0

iEb=0

} elsg if ((arrayIn[2] >>7) > 1) {

drrayOut[2] = (arrayln[2] & 0x7F) %/128

iEb = (arrayIn[2] >> 7)

1 elsp {

drrayOut[2] = arrayIn[2]

fEb=1

arrayOut[3] = Max(iEr, Max(iEg, iEb))

if (afrayOut[3] >AEr){

iShift = (agrayOut[3] - iEr)

4rrayOutf0] = ((2 * arrayOut[0] + 1) >> (iShift + 1))

}

if (afrayOut[3] > iEg) {

1Shift = (arrayOut| 3] - 1Eg]

arrayOut[1] = ((2 * arrayOut[1] + 1) >> (iShift + 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_MINUS1 syntax elements to discard
the data outside of the image area that is to be output.

Table 194 — Pseudocode for function ClippingAndPackingStage( )

ClippingAndPackingStage( ) { Reference
if((OUTPUT_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 _MINUS1 + 1) / 2
n =TOP_MARGIN /2
} else {
outputHeight = HEIGHT_MINUS1 + 1
n = TOP_MARGIN

}
if (i>0) &&
((OUTPUT_CLR_FMT ==YUV422)\|| (OUTPUT_CLR_FMT = =YUV420))) {
outputWidth = (WIDTH_MINUS1 +1) / 2
m = LEFT_MARGIN / 2
} else {
outputWidth = WIDTH_MINUS1 + 1
m = LEFT_MARGIN

}
if (OUTPUT_BITDEPTH = =BD8) | | (OUTPUT_BITDEPTH == BD16) | |
(OUTPUT_BITDEPTH = = BD16S))
for (y=0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)

ImagePlane[i][x][y] = ClippingBasic(ImagePlane[i][x + m][y + n]) 9.10.8.2
élse if (OUTPUT_BITDEPTH = = BD565)
for (y = 0; y < outputHeight; y++)

for (X = U; X < outputwidth; x++)
ImagePlane[i][x][y] = 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 = = BD5)
for (y = 0; y < outputHeight; y++)
for (x = 0; X < outputWidth; x++)
ImagePlane[i][x][y] = ClipAndPackBD5(ImagePlane[0][x + m][y + n], 9.10.8.4
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])
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], 9.10.8.5
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])
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ClippingAndPackingStage() { Reference
else
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 == BD1WHITE1) | | (OUTPUT_BITDEPTH = = BD1BLACK1))
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x+=8) { /* Up to 8 samples are packed into each output byte

*/

byte */

pNum = Min(outputWidth - x, 8) /* Number of values to pack into current output

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]

ImagePlane[i][x >> 3][y] = ClipAndPackBD1BorW (valList) 9.10.8.6

}
else * OUTPUT_BITDEPTH equal to BD16F, BD32F, or BD32S */
fpr (y = 0; y < outputHeight; y++)
for (x = 0; X < outputWidth; x++)
ImagePlaneli][x][y] = ImagePlane[i][x + m][y + n]

i
9.10.8.2 ClippingBasic( )

The pseudocolde function ClippingBasic( ) is specified in Table 195.

Table 195 — Pseudocode for function ClippingBasic( )

ClippingBasic(iSample) {

if (OUTPUT_BITDEPTH = = BD8) {
iLow=0
iHigh = 255

} else if (OUTPUT_BITDEPTH = = BD16) {
iLow=0
iHigh = 65535

} else if (OUTPUT_BITDEPTH = = BD16S) {
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.

Table 196 — Pseudocode for function ClipAndPackBD565( )

ClipAndPackBD565(i0, i1, i2) {
iLow =0
iHigh = 31
i0 = Clip(i0, iLow, iHigh)
i2 = Clip(i2, iLow, iHigh)
thow—"%
iHigh = 63
il = Clip(i1, iLow, iHigh)
iResult =i0 + (i1 << 5) + (i2 << 11)
return iResult

}
9.10.8.4 ClipAndPackBD5()

The pseudocode function ClipAndPackBD5( )is specified in Table 197.

Table 197 — Pseudocode for function ClipAndPackBD5( )

ClipAndPackBD5(i0, i1, i2) {
iLow =0
iHigh = 31
i0 = Clip(i0, iLow, iHigh)
i2 = Clip(i2, iLow, iHigh)
il = Clip(il, iLow, iHigh)
iResult =i0 + (i1 << 5) + (i2 << 10)
return iResult

}
9.10.8.5 ClipAndPackBD10()

The pseudocode function ClipAndPackBD10( ) is specified in Table 198.

Table 198 — Pseudocode for function ClipAndPackBD10( )

ClipAndPackBD10(iSample0, iSample1l, iSample2) {
iLow =0
iHigh = 1023
if (OUTPUT_CLR_FMT = = RGB) {
i0 = Clip(iSample0, iLow, iHigh)
il = Clip(iSample1l, iLow, iHigh)
i2 = Clip(iSample2, iLow, iHigh)
iResult =i0 + (i1 << 10) + (2 20)
} else
iResult = Clip(iSample0, iLow, iHigh)
return iResult
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9.10.8.6 ClipAndPackBD1BorW()
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)
vatkistf2=-~¢hp{vatbist2, 05
valList[3] = Clip(valList[3], 0, 1)
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 = = BD1BLACK1)
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 = = BDIWHITE1 */
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
(normative)

Tag-based file format

A.1 General

-2:2020(E)

This annex specifies a format for files containing JPEG XR images. It uses syntax structures (IFD_ENTRY()
structures as specified in subclause A.4) that each contain a syntax element (FIELD_TAG as specified in subclause

A4.2)
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1 The file format specified in this annex is based on that specified for use in ISO 12234-2 4] ISO 1
0 7], and EXIF 2.2 [6], and is intended to provide a form of consistency and compatibility with those spe
ble the sharing of some functional components designed for reading, writing, and otherwisé.making use o

P This specification of this file format does not preclude the existence of alternative’file format specifi
hing JPEG XR images.

B When a file is formatted as specified in this annex, in addition to the syntaxstructures that are specifie
ry data (formatted in a manner not specified by this annex) may also be)present at locations within
en or beyond the locations in the file that contain the syntax structures,spécified by this annex.

t  The use of the filename extension ".jxr" is suggested for files gonforming to the file format specified in

[ILE_HEADER( ) syntax structure specified in subclatise A.2 shall be present at the beginning
osition 0).

ariable FileSizelnBytes is considered to be.equal to the total number of bytes in the file. T|
hlue of FileSizelnBytes shall not exceed 232 - 1.

irposes of this document, a deceder is assumed to be capable of either storing the entire f
memory or performing random-access seek operations to access the data at arbitrary specifig

D

ILE_HEADER()
Syntax structure
LE_HEADER(') syntax structure is specified by Table A.1.

Table A.1 — FILE_HEADER( ) syntax structure
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FIXED_FILE_HEADER_II_2BYTES u(16) A2.2
FIXED_FILE_HEADER_0XBC_BYTE u(8) A23
FILE_VERSION_ID u(8) A2.4
FIRST_IFD_OFFSET le(32) A25

}

FIXED_FILE_HEADER_II_2BYTES

FIXED_FILE_HEADER_II_2BYTES shall be equal to 0x4949.

A.2.3

FIXED_FILE_HEADER_0XBC_BYTE

FIXED_FILE_HEADER_0XBC_BYTE shall be equal to 0xBC.
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A.2.4 FILE_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.2.5 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.3) in the file. The value of FIRST_IFD_OFFSET shall be
an integer multiple of 2.

A.3 IMAGE_

A.3.1 Synt

The IMAGE_F]

ILE_DIRECTORY()
Ax structure
LE_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) A3.2
for (iNumEntries = 0;
iNumEntries < NUM_ENTRIES;
iNumEntries++)
IFD_ENTRY( ) A4
ZERO_OR_NEXT_IFD_OFFSET le(32) A.3.3
A.3.2 NUM_ENTRIES
NUM_ENTRIES specifies the number of entries in the IMAGE_FILE_DIRECTORY( ) syntax structure. NUM_EN

shall not be eq

A.3.3 ZER(

ZERO_OR_NE3

If ZERO |
syntax st

Otherwig

jual to 0. The value 0 for NUM_ENTRIES isireserved for future use by ITU-T | ISO/IEC.
D_OR_NEXT_IFD_OFFSET
KT_IFD_OFFSET is interpreted @s'follows:

OR_NEXT_IFD_OFFSET, is.equal to 0, this indicates that no additional IMAGE_FILE_DIRECT
ructures are presentin‘the file.

e, ZERO_OR_NEXT_IFD_OFFSET specifies the byte position, relative to the beginning of the file,

next IMAGE_FILE_DJRECTORY( ) syntax structure in the file.

The value of 7

Decoders may

ERO_OR=NEXT_IFD_OFFSET shall be an integer multiple of 2.

TRIES

DRY( )

to the

f ignore any IMAGE_FILE_DIRECTORY( ) syntax structures at locations in the file specified h

y any

ZERO_OR_NEXT_IFD_OFFSET syntax element.

A.4 IFD_ENTRY()

A.4.1 Syntax structure

The IFD_ENTRY( ) syntax structure is specified by Table A.3.
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Table A.3 — IFD_ENTRY( ) syntax structure
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IFD_ENTRY/() { Descriptor Reference
FIELD_TAG le(16) A4.2
ELEMENT_TYPE le(16) A43
NUM_ELEMENTS le(32) A44
VALUES_OR_OFFSET le(32) A45

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 "varia

le" is used in
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1SO 12
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ated data. The column of the table with the heading "Presence" is interpreted as follows.

AGE_FILE_DIRECTORY( ) syntax structure in the file.

ptional” indicates that the FIELD_TAG value may or may not be present in ain IFD_ENTRY( ) sy
each IMAGE_FILE_DIRECTORY( ) syntax structure in the file.

A.4, with the FIELD_TAG value in the range of 0x1000 to 0x3EFF and 0x5000 to 0x7FFF ar¢
use by ITU-T | ISO/IEC. Decoders shall ignore (parse and discard) any IFD_ENTRY( ) syntax
such combinations appear.

1 The purpose of the specification for decoders to ignore IFD entries with such combinations
NT_TYPE, and NUM_ELEMENTS is to enable the future definition of a backward-compatible usag
hations.

ntries with combinations of FIELD_TAG, ‘ELEMENT_TYPE, and NUM_ELEMENTS that do

A.4, with the FIELD_TAG value in the range of 0x0000 to 0xOFFF, 0x4000 to 0x4FFF, and 0x8
ailable for unspecified use and interptetation as determined by the application. Decoders s
NTRY() syntax structures in which such combinations appear and, for purposes relevant t
'mance to this document, shall jgnore these syntax structures. Any use of such FIELD_TAG v3
the expressed requirements foy'‘conformance to this document. Additionally, ITU-T and ISO/I}
to potentially specify uses for such FIELD_TAG values in future revisions of this document.

P Since interpretatiorivef® such FIELD_TAG values can be application-specific, it is suggested to re
hs.

B The use-efa field tag value equal to 0x02BC in tag-based encoded files (such as files formatte
234-2 [4,\ISO 12639 [51, Adobe TIFF 6.0 7], or EXIF 2.2 [6]), is specified in Adobe Extensible Met

20055 section 5 [8l. The use of a field tag value equal to 0x8769 is specified in EXIF 2.2:2002, section 4.6
g value equal to 0x8773 is specified in ICC ICC.1:2001, section B.3 [12] and in ISO 15076-1:2010, B.4, wh

{

e quantity of

pquired” specifies that the FIELD_TAG value shall be present in an IFD_ENTRY( ) syntax strycture of each

htax structure

ntries with combinations of FIELD_TAG, ELEMENT_TYPE, and (NUM_ELEMENTS that do mot appear in

b reserved for
structures in

of FIELD_TAG,
e of additional

ot appear in
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all parse any
determining
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move any such
ing application

d according to
adata Platform
.3. The use of a
ich specify two

versio

hs'of ICC profile data. The provision to allow these field tag values to be present is intended to allow the

use of the XMP,

EXIF 2.2, ICC.1 and ISO 15076-1 specifications with files encoded according to this document (without imposing normative

confor:

mance requirements related to such use). The use of ICC profile data is further discussed in Annex C.
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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 UTF8 variable IMAGE_DESCRIPTION Optional
0x010F UTF8 variable EQUIPMENT_MAKE Optional
0x0110 UTF8 variable EQUIPMENT_MODEL Optional
0x011D UTF8 variable PAGE_NAME Optional
0x0129 USHORT 2 PAGE_NUMBER Optional
0x013t UTF8 variabte SOFTWARE_NAME_VERSION Optional
0x013p UTF8 20 DATE_TIME Optional
0x013B UTF8 variable ARTIST_NAME Optional
0x013C UTF8 variable HOST_COMPUTER Optional
0x8298 UTF8 variable COPYRIGHT_NOTICE Optional
0xA00[1 USHORT 1 COLOR_SPACE Optional
0xBCO[1 BYTE 16 PIXEL_FORMAT Required
0xBCOf2 BYTE, USHORT, or 1 SPATIAL_XFRM_PRIMARY, Optional
ULONG
0xBCOM¥ ULONG 1 IMAGE_TYPE Optional
0xBCO[5 BYTE 4 PTM_COLOR_INFO() Optional
0xBCOl6 BYTE variable PROFILE_LEVEL_CONTAINER() Optional
0xBC80 BYTE, USHORT, or 1 IMAGE_WIDTH Required
ULONG
0xBC81 BYTE, USHORT, or 1 IMAGECHEIGHT Required
ULONG
0xBC82 FLOAT 1 WIDTH_RESOLUTION Optional
0xBC83 FLOAT 1 HEIGHT_RESOLUTION Optional
0xBCQO BYTE, USHORT, or IMAGE_OFFSET Required
ULONG
0xBCQ1 BYTE, USHORT, or 1 IMAGE_BYTE_COUNT Required
ULONG
0xBCQ2 BYTE, USHORT, or 1 ALPHA_OFFSET Optional
ULONG
0xBCQ3 BYTE, USHORT, or 1 ALPHA_BYTE_COUNT Optional
ULONG
0xBC4 BYTE 1 IMAGE_BAND_PRESENCE Optional
0xBCd5 BYTE 1 ALPHA _BAND_PRESENCE Optional
0xEA1C UNDEFINED variable PADDING_DATA Optional
A.4.2 FIELD_TAG
FIELD_TAG identifies.the data contained in the IFD_ENTRY( ) syntax structure. When the IFD_ENTRY( ) gyntax
structure is npt the first IFD_ENTRY( ) syntax structure of the IMAGE_FILE_DIRECTORY/( ) syntax structure, the
value of FIELID_TAG-shall be greater than the value of FIELD_TAG in the preceding IFD_ENTRY( ) syntax str1|1cture
of the IMAGE [EILE_DIRECTORY() syntax structure
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ELEMENT_TYPE identifies the type of data contained in the IFD_ENTRY() syntax structure as specified by

Table

A5,

Table A.5 — ELEMENT_TYPE

The v
valued
ELEM

When|
to OxH
future

The q
units
assoc

— If
int

— Ot
twi

— Ot
as
be

[ENT_TYPE equal to RESERVED shall ignore the associated data.

ELEMENT_TYPE Mnemonic SizeOfElement

0 RESERVED Not specified

1 BYTE 1

2 UTF8 1

3 USHORT 2

4 ULONG 4

5 URATIONAL 8

6 SBYTE 1

7 UNDEFINED 1

8 SSHORT 2

9 SLONG 4

10 SRATIONAL 8

11 FLOAT 4

12 DOUBLE 8
13-65535 RESERVED Not specified

hlue of ELEMENT_TYPE shall not be equal to RESERVED in files' conforming to this edition of th
are reserved for use in future editions of this document. Decoders that encounter fil

ELEMENT_TYPE is equal to UNDEFINED, the value of FIELD_TAG shall be equal to 0x8773 if
A1C in files conforming to this edition of this annex. Other values of ELEMENT_TYPE are resef
editions of this document.

hantity of data associated with each syntax element VALUES_OR_OFFSET, as specified by ELE
of bytes, is specified in the SizeOfElement column of Table A.5. The interpretation of the
ated with each value of ELEMENTTYPE is specified as follows.

ELEMENT_TYPE is equal (to)BYTE, USHORT, or ULONG, each data element is interpreted a
eger of the specified length in little-endian form.

herwise, if ELEMENT_TYPE is equal to SBYTE, SSHORT, or SLONG, each data element is int
0's complement signed integer of the specified length in little-endian form.

herwise, if ELEMENT_TYPE is equal to UTF8, each data element is interpreted as a UTF-8 char
specified*by ISO/IEC 10646:2017, Annex D, and the value of the last data element of the IFD_}
equalto 0 (null). Any such field may contain multiple strings of UTF-8 characters, each termin|

va

ued’character. The NUM_ELEMENTS for such multi-string payloads is the total number of byt

lis annex. Such
es containing

it is not equal
ved for use in

ENT_TYPE in
ata elements

an unsigned

erpreted as a

acter set code
ENTRY( ) shall
ated with a 0-
es in all of the

associated strings including the O0-valued byte at the end of each such string. Within the associated
NUM_ELEMENTS bytes, there shall not be any two consecutive bytes equal to 0.

— Otherwise, if ELEMENT_TYPE is equal to UNDEFINED, the interpretation of the data elements depends on the
FIELD_TAG value as follows:

— If the value of FIELD_TAG is equal to 0xEA1C (PADDING_DATA), the interpretation of each data element is

specified in subclause A.4.33.

Otherwise, the interpretation of the data elements is not specified by this document.
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— Otherwise, if ELEMENT_TYPE is equal to URATIONAL, each data element is interpreted as a rational number
having a numerator equal to the first four bytes of the data element value, interpreted as an unsigned integer
of the specified length in little-endian form, and a denominator equal to the remaining four bytes of the data
element value, interpreted as an unsigned integer of the specified length in little-endian form.

— Otherwise, if ELEMENT_TYPE is equal to SRATIONAL, each data element is interpreted as a rational number
having a numerator equal to the first four bytes of the data element value, interpreted as a two's complement
signed integer of the specified length in little-endian form, and a denominator equal to the remaining four
bytes of the data element value, interpreted as a two's complement signed integer of the specified length in
little-endian form.

— Otherwise[if EEEMENT-TYPE s equat toFLOAT, —each data—etement—is—imterpreted—as—a fouy-byte

ISO/IEC/IEEE 60559 floating-point number in little-endian form.

— Otherwise| (ELEMENT_TYPE is equal to DOUBLE), each data element is interpreted asyan” eight-byte
ISO/IEC/IEEE 60559 floating-point number in little-endian form.

A.4.4 NUM_ELEMENTS

NUM_ELEMENTS specifies the number of data elements associated with the IFD_ENTRY( ) syntax structuge. Let
iSizeOfElement be equal to the value in the SizeOfElement column of Table A.5 forthe value of ELEMENT JTYPE.
The total pumber of bytes of data associated with the IFD.ENTRY() syntax structure is
NUM_ELEMENTS * iSizeOfElement.

NOTE NUM_ELEMENTS must be set to the total quantity of data elements{including termination indicator values guch as
null-valued terminators as applicable.

A.4.5 VALUES_OR_OFFSET
VALUES_OR_QFFSET is interpreted as follows:

— Let iSize(fElement be equal to the value in.‘the SizeOfElement column of Table A.5 for the value of
ELEMENT|TYPE. If NUM_ELEMENTS * iSizeOfElement is less than or equal to 4, VALUES_OR_OFFSET coptains
the data elpments associated with the IFD_ENTRY( ) syntax structure.

— Otherwise| VALUES_OR_OFFSET specifies the byte position, relative to the beginning of the file, of th¢ data
elements dssociated with the IFD_ENTRY( ) syntax structure. In this case, the value of the VALUES_OR_OFFSET
syntax eleient shall be an integer’'multiple of 2.

A.4.6 DOCPMENT_NAME

DOCUMENT_NAME (when present) provides, as a UTF-8 character string, a name for the image. There 3re no
specific confoymanceréquirements for the content of the associated character string (other than that it folloys the
format conventions of the ELEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3).

NOTE 1 The name of this syntax element alludes to the intended Interpretation instead of any normative meaning.

NOTE 2 DOCUMENT_NAME is specified here in a manner that is intended to be consistent with the "DocumentName" tag
specified in ISO 12639 51 and TIFF 6.0 [71.

A.4.7 IMAGE_DESCRIPTION

IMAGE_DESCRIPTION (when present) provides, as a UTF-8 character string, a title or description of the image
subject matter. There are no specific conformance requirements for the content of the associated character string
(other than that it follows the format conventions of the ELEMENT_TYPE definition of the UTF8 data type as

specified in subclause A.4.3).

NOTE 1 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.
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NOTE 2 IMAGE_DESCRIPTION is specified here in a manner that is intended to be consistent with the "ImageDescription" tag
specified in ISO 12234-2 41, ISO 12639 5], TIFF 6.0 [7], and EXIF 2.2 [6],

A.4.8 EQUIPMENT_MAKE
EQUIPMENT_MAKE (when present) provides, as a UTF-8 character string, a name for the manufacturer or vendor

of the camera, image-capturing device, scanner, or other equipment that generated the image. There are no
specific conformance requirements for the content of the associated character string (other than that it follows the

format conventions of the ELEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3).

NOTE 1 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.
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page 1
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P EQUIPMENT_MAKE is specified here in a manner that is intended to be consistent with the "Make*
234-2 [41,1SO 12639 [5], TIFF 6.0 [7], and EXIF 2.2 (6],

EQUIPMENT_MODEL
present, EQUIPMENT_MODEL provides, as a UTF-8 character string, a model hame or model
a, image-capturing device, scanner, or other equipment that generated the’image. There a
‘mance requirements for the content of the associated character string (0ther than that it follg
ntions of the ELEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3).

1 The name of this syntax element alludes to the intended interpretation.instead of any normative mean|

P EQUIPMENT_MODEL is specified here in a manner that is intendeéd to be consistent with the "Model"
234-2 [41,1SO 12639 [5], TIFF 6.0 7], and EXIF 2.2 (6],

0 PAGE_NAME

| NAME (when present) provides, as a UTF-8 character string, a name to be considered to be
0 which the image is considered to belong.*There are no specific conformance requirements fi

Fion of the UTF8 data type as specifiedifrsubclause A.4.3).
1 The name of this syntax element,alludes to the intended interpretation instead of any normative mean|

P PAGE_NAME is specified here in a manner that is intended to be consistent with the "PageName"
639 [51and TIFF 6.0 [71.

1 PAGE_NUMBER

consi

string| (othenp than that it follows the format conventions of the ELEMENT_TYPE definition of the
type gs'specified in subclause A.4.3).

associated character string (other thafi*that it follows the format conventions of the EL

tag specified in

humber of the
Ire no specific
ws the format

ing.

tag specified in

the name of a
br the content
EMENT_TYPE

ing.

tag specified in

| NUMBER (when present) provides, as a pair of unsigned integers, a "page number” (the first humber) to be
ered the-page number of a page from a sequence of pages (the second number) to which
considered to'belong. There are no specific conformance requirements for the content of the associs

the image is
ted character
USHORT data

NOTE 1 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.

NOTE 2 PAGE_NUMBER is specified here in a manner that is intended to be consistent with the "PageNumber" tag specified in

TIFF 6

A4.1

.0 171,

2 SOFTWARE_NAME_VERSION

SOFTWARE_NAME_VERSION (when present) provides, as a UTF-8 character string, name and version number
information for one or more software packages used in generating the image or file. There are no specific
conformance requirements for the content of the associated character string (other than that it follows the format
conventions of the ELEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3).
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NOTE 1 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.

NOTE 2 SOFTWARE_NAME_VERSION is specified here in a manner that is intended to be consistent with the "Software" tag
specified in ISO 12234-2 41, ISO 12639 5], TIFF 6.0 [7], and EXIF 2.2 [6l,

A.4.13 DATE_TIME

DATE_TIME (when present) provides, as a UTF-8 character string, the date and time of the creation or last
modification of the image.

The value of NUM_ELEMENTS for the DATE_TIME tag shall be equal to 20.

The interpretation of the UTF-8 character string associated with the DATE_TIME tag shall be as follows:

— If the UTF}8 character string associated with the DATE_TIME tag is the string "0000:00:00 00:00:00" dr this
string with all "0" characters replaced by space (0x20) characters as in the string " : : :: "/followed by a
byte equaljto 0, this indicates that the date and time are unknown.

— Otherwise| the UTF-8 character string associated with the DATE_TIME tagfshall be formatted as
"YYYY:MM:DD HH:MM:SS", followed by a byte equal to 0, where the formatting of this string shall be as follows.

— The "YYYY" part of the string shall contain a character string representation‘of a four-digit decimal ngimber
for a calendar year.

— Each cglon character ":" part of the string shall be a colon ":" character(a byte equal to 0x3A).

— The "MM" part of the string shall contain a character string representation of a two-digit decimal numfer in
the range from "01" to "12" for a month within the year{(iwhere "01" indicates January, "02" indicates
Februapy, etc.) or two space (0x20) characters.

— The "DP" part of the string shall contain a character string representation of a two-digit decimal numpber in
the range from "01" to "31" for a day within the month (where "01" indicates the first day of the month,
"02" inflicates the second day of the month, etc.).

— The character separating the "DD" and "HH" parts of the string shall be a space character " " (a byte equal to

0x20).

— The "HH" part of the string shall contain-a character string representation of a two-digit decimal numpber in
the ranige from "00" to "23" for an-hour within the day, following a 24-hour time of day convention (Wwhere
"00" inflicates a time in the first hour of the day, "01" indicates a time in the second hour of the day, et¢.).

NOTE 1| The time 00:00:00 is-ised to indicate midnight. Similarly, 00:00:01 indicates one second after midnight and
23:59:5p indicates one secornd prior to midnight.

— The "MM" part of the:string shall contain a character string representation of a two-digit decimal numper in
the ranjge from "002to "59" for a minute within the hour (where "00" indicates a time in the first mirfute of
the hoyr, "01" indicates a time within the second minute of the hour, etc.).

— The "S$" partof the string shall contain a character string representation of a two-digit decimal numper in
the rangefrom "00" to "59" for a second within the minute (where "00" indicates a time in the firstn;‘lecond
of the minute, "01" indicates a time within the second second of the minute, etc.).

The time zone for the date and time are not specified in this edition of this document.

NOTE 2 For example, the date and time may be referenced to the local time zone in which the encoding equipment is operated
or is ordinarily kept.

There are no additional specific conformance requirements for the content of the associated character string.
NOTE 3 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.

NOTE 4 DATE_TIME is specified here in a manner that is intended to be consistent with the "DateTime" tag specified in
1SO 12234-2,1S0 12639, TIFF 6.0, and EXIF 2.2.
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ARTIST_NAME (when present) provides, as a UTF-8 character string, one or more names and possibly additional
information relating to persons involved in the creation of the image. There are no specific conformance
requirements for the content of the associated character string (other than that it follows the format conventions

of the

ELEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3).

NOTE 1 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.

NOTE 2 ARTIST_NAME is specified here in a manner that is intended to be consistent with the "Artist" tag specified in
ISO 12234-2 [41, ISO 12639 [51, TIFF 6.0 17], and EXIF 2.2 [6l. An example preferred use of ARTIST_NAME is the string value
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1 The name of this syntax element alludes to the intended interpretation instead of any normative mean|
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ed in 1SO 12639 [51and TIFF 6.0 [71.

6 COPYRIGHT_NOTICE
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ated character string (other than that it followis/ithe format conventions of the ELEMENT_TYP
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A.4.17 COLOR_SPACE

COLOR_SPACE (when present) equal to 1, when the value in the Num column in Table A.6 for the line
corresponding to the value of PIXEL_FORMAT is equal to UINT, indicates that the associated image should be
interpreted according to the sRGB specification IEC 61966-2-1. COLOR_SPACE equal to OxFFFF, when used with
an unsigned pixel format as specified by PIXEL_FORMAT, indicates that the sRGB specification may not be the

preferred met

hod of interpretation of the associated image.

COLOR_SPACE shall not be equal to 1 when PIXEL_FORMAT specifies a fixed or floating point pixel format.

When present, COLOR_SPACE shall be equal to 1 or OXFFFF. All other values are reserved for future use by ITU-T |

ISO/IEC. All v

1 1 1 4 AIPNEE ST ol ol ok ML I | 1.1 1 1 PNER ST ot ol ol ] 3 3
HIUCS OUICT UldIT 1 dll0 UXPITT SIidII' DE Uealed LT SdIIIE 45 UIC VdIUS UXIFTTT DYy dcCOUcCTS.

NOTE sRGB jmage data is used in many systems, being interpreted directly by various receiving devices.

A.4.18 PIXEL_FORMAT

PIXEL_FORMAT consists of a string of 16 BYTE values. The values of the bytes ordered from first to last an this
string are interpreted as digit pairs appearing from left to right in the hexadecimal integer values specified in
Table A.6.

NOTE 1 The PIXEL_FORMAT values specified in Table A.6 originated as UUID values @s)specified by ISO/IEC 11578 UUID

values are com
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not followed. Iy
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At can be directly compared to the provided strings of hexadecimal digits. The rearrangement of the cd
becification to produce the equivalent ordered string of BYTE values as shown in Table A.6 can be perfor:

ft-most) four bytes (which precede the first dash character in the common form of UUID value specificati
t, represented in little-endian (byte-reversed) form:

o bytes (which precede the second dash character in the common form of UUID value specification) are o
ented in little-endian (byte-reversed) form.

o bytes (which precede the third.-dash character in the common form of UUID value specification) are o
ented in little-endian (byte-reversed) form.

Ing bytes in the common form of UUID value specification follow, in left-to-right order.
of Table A.6 are interpreted as follows:

c name" ifndicates a string associated with the syntax element corresponding to the va
EMAT.

— "NC" speciries the following:

monly shown as a string of hexadecimal digits separated by dash "-" characters. The bytes of such a UUII) value

tion is
v of 16
mmon
med as

n) are

rdered

rdered

ue of

— If the value of PIXEL_FORMAT specifies that no alpha channel is present (as specified by the entry in the
"Alpha" column), it is a requirement for file format conformance to this annex that the value of

NumCo

mponents as calculated in Table 31 shall be equal to the value of the entry in the "NC" column.

Otherwise, if the alpha channel is present as a separate alpha image plane (as specified by the entry in the

"Alpha" column and the presence of ALPHA_OFFSET), it is a requirement for file format conformance to this
annex that the value of NumComponents as calculated in Table 31 for the CODED_IMAGE() syntax
structure at the position specified by IMAGE_OFFSET shall be equal to the value of the entry in the "NC"
column minus 1, and the value of NumComponents as calculated in Table 31 for the CODED_IMAGE()
syntax structure at the position specified by ALPHA_OFFSET shall be equal to 1.

— Otherwise (the alpha channel is present as an interleaved alpha image plane), it is a requirement for file
format conformance to this annex that the value of NumComponents as calculated in Table 31 for the
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primary image plane shall be equal to the value of the entry in the "NC" column minus 1, and the value of
NumComponents as calculated in Table 31 for the alpha image plane shall be equal to 1.

"Alpha" specifies whether the PIXEL_FORMAT specifies the presence of an alpha channel. An entry marked

with "v"" indicates that an alpha channel is present and an entry not marked with "v™" indicates that an alpha

channel is not present.

"BPC" specifies a requirement for file format conformance to this annex that the value of the

OUTPUT_BITDEPTH syntax element of the CODED_IMAGE() syntax structure at the position specified by
IMAGE_OFFSET shall be equal to the value of the entry in the "BPC" column and, when present, the value of the
OUTPUT_BITDEPTH syntax element of the CODED_IMAGE() syntax structure at the position specified by
ALPHA_OFFSET shall be equal to value of the entry in the "BPC" column.

— "Njum" specifies the numeric interpretation of values in the decoded image.

— "Cplour" specifies a requirement for file format conformance to this annex ‘that the [value of the
OUTPUT_CLR_FMT syntax element of the CODED_IMAGE() syntax structure at'the position specified by
IMAGE_OFFSET shall be equal to the value of the entry in the "Colour” column.

NOTE R Image data can be structured as single channel monochrome "Gray", three-channel "RGB", four-chann¢l "CMYK", or n-

Channgl ("NCOMPONENT") with n in the range of 2 to 16, inclusive.

Table A.6 — Interpretation of PIXEL_EORMAT
PIXEL_FORMAT value Mnemonic NC-| Alpha BPC Num Colour

0x24¢3DD6F034EFE4BB1853D77768DC90D 24bppRGB 3 BD8 UINT RGB
0x24€3DD6F034EFE4BB1853D77768DC90C 24bppBGR 3 BD8 UINT RGB
0x24¢C3DD6F034EFE4BB1853D77768DCI90E 32bppBGR 3 BDS8 UINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC915 48bppRGB 3 BD16 UINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC912 48bppRGBEixedPoint 3 BD16S SINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC93B 48bppRGBHalf 3 BD16F Float RGB
0x24¢3DD6F034EFE4BB1853D77768DC918 96bppRGBFixedPoint 3 BD32S SINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC940 64bppRGBFixedPoint 3 BD16S SINT RGB
0x24€3DD6F034EFE4BB1853D77768DC942 64bppRGBHalf 3 BD16F Float RGB
0x24€3DD6F034EFE4BB1853D77768DC941 128bppRGBFixedPoint 3 BD32S SINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC91B 128bppRGBFloat 3 BD32F Float RGB
0x24€3DD6F034EFE4BB1853D77768DCI0F 32bppBGRA 4 v BD8 UINT RGB
0x24€3DD6F034EFE4BB1853D77768DC916 64bppRGBA 4 v BD16 UINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC91D 64bppRGBAFixedPoint 4 v BD16S SINT RGB
0x24¢C3DD6F034EFE4BB1853D77768DC93A 64bppRGBAHalf 4 v BD16F Float RGB
0x24¢3DD6F034EFE4BB1853D77768DCI91E 128bppRGBAFixedPoint 4 v BD32S SINT RGB
0x24¢C3DD6F034EFE4BB1853D77768DC919 128bppRGBAFloat 4 v BD32F Float RGB
0x24¢3DD6F034EERE4BB1853D77768DC910 32bppPBGRA 4 v BD8 UINT RGB
0x24¢3DD6FQ34EFE4BB1853D77768DC917 64bppPRGBA 4 v BD16 UINT RGB
0x24¢3DD6F034EFE4BB1853D77768DC91A 128bppPRGBAFloat 4 v BD32F Float RGB
0x24¢3DD6F034EFE4BB1853D77768DC91C 32bppCMYK 4 BD8 UINT CMYK
0x24C3DD6F034EFE4BB1853D77768DC92C 40bppCMYKAlpha 5 v BD8 UINT CMYK
0x24C3DD6F034EFE4BB1853D77768DC91F 64bppCMYK 4 BD16 UINT CMYK
0x24C3DD6F034EFE4BB1853D77768DC92D 80bppCMYKAlpha 5 v BD16 UINT CMYK
0x24C3DD6F034EFE4BB1853D77768DC920 24bpp3Channels 3 BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC921 32bpp4Channels 4 BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC922 40bpp5Channels 5 BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC923 48bpp6Channels 6 BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC924 56bpp7Channels 7 BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC925 64bpp8Channels 8 BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC92E 32bpp3ChannelsAlpha 4 v BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC92F 40bpp4ChannelsAlpha 5 v BD8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC930 48bpp5ChannelsAlpha 6 v BD8 UINT | NCOMPONENT

© ISO/IEC 2019 - All rights reserved 177


https://iecnorm.com/api/?name=2c30a21a13c6ad4a2d05d55515e2b23c

ISO/IEC 29

199-2:2020(E)

PIXEL_FORMAT value Mnemonic NC | Alpha BPC Num Colour
0x24C3DD6F034EFE4BB1853D77768DC931 56bpp6ChannelsAlpha 7 v BDS8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC932 64bpp7ChannelsAlpha 8 v BDS8 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC933 72bpp8ChannelsAlpha 9 v BDS UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC926 48bpp3Channels 3 BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC927 64bpp4Channels 4 BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC928 80bpp5Channels 5 BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC929 96bpp6Channels 6 BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC92A 112bpp7Channels 7 BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC92B 128bpp8Channels 8 BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC934 64bpp3ChannelsAlpha 4 v BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC935 80bpp4ChannelsAlpha 5 v BD16 UINT | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC936 96bpp5ChannelsAlpha 6 v BD16 UINT | NGOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC937 112bpp6ChannelsAlpha 7 v BD16 UINT |. NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC938 128bpp7ChannelsAlpha 8 v BD16 UINT | “NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC939 144bpp8ChannelsAlpha 9 v BD16 UINT' | NCOMPONENT
0x24C3DD6F034EFE4BB1853D77768DC908 8bppGray 1 BDS8 UINT YONLY
0x24C3DD6F034EFE4BB1853D77768DC90B 16bppGray 1 BD16 UINT YONLY
0x24C3DD6F034EFE4BB1853D77768DC913 16bppGrayFixedPoint 1 BD'16S SINT YONLY
0x24C3DD6F034EFE4BB1853D77768DC93E 16bppGrayHalf 1 BDI16F Float YONLY
0x24C3DD6F034EFE4BB1853D77768DC93F 32bppGrayFixedPoint 1 BD32S SINT YONLY
0x24C3DD6F034EFE4BB1853D77768DC911 32bppGrayFloat 1 BD32F Float YONLY
0x24C3DD6F034EFE4BB1853D77768DC905 BlackWhite 1 Bgé\g—lﬂggéfr UINT YONLY
0x24C3DD6F034EFE4BB1853D77768DC909 16bppBGR555 3 BDS UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC90A 16bppBGR565 3 BD565 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC914 32bppBGR101010 3 BD10 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC93D 32bppRGBE 3 BDS8 Float RGBH
0x24C3DD6F034EFE4BB1853D77768DC954 32bppCMYKDIRECT 4 BDS8 UINT | CMYKDIRECT
0x24C3DD6F034EFE4BB1853D77768DC955 64bppCMYKDIRECT 4 BD16 UINT | CMYKDIRECT
0x24C3DD6F034EFE4BB1853D77768DC956 [  40bppCMYKDIRECTAlpha 5 v BDS UINT | CMYKDIRECT
0x24C3DD6F034EFE4BB1853D77768DC943 80bppCMYKDIRECTAlpha 5 v BD16 UINT | CMYKDIRECT
0x24C3DD6F034EFE4BB1853D77768DC944 12bppYCC420 3 BDS8 UINT YUV420
0x24C3DD6F034EFE4BB1853D77768DC945 16bppYCC422 3 BDS UINT YUV42P
0x24C3DD6F034EFE4BB1853D77768DC946 20bppYCC422 3 BD10 UINT YUV42P
0x24C3DD6F034EFE4BB1853D77768DCI947. 32bppYCC422 3 BD16 UINT YUV42P
0x24C3DD6F034EFE4BB1853D77768DC948 24bppYCC444 3 BDS8 UINT YUV444
0x24C3DD6F034EFE4BB1853D77768DC949 30bppYCC444 3 BD10 UINT YUV4444
0x24C3DD6F034EFE4BB1853D%7768DC94A 48bppYCC444 3 BD16 UINT YUV4444
0x24C3DD6F034EFE4BB1853D77768DC94B 48bppYCC444FixedPoint 3 BD16S SINT YUV444
0x24C3DD6F044EFE4BB1853D77768DC94C 20bppYCC420Alpha 4 v BDS UINT YUV42/0
0x24C3DD6F034EEE4BB1853D77768DC94D 24bppYCC422Alpha 4 v BDS8 UINT YUV42P
0x24C3DD6F034EFE4BB1853D77768DC94E 30bppYCC422Alpha 4 v BD10 UINT YUV42P
0x24C3DD6F034EFE4BB1853D77768DC94F 48bppYCC422Alpha 4 v BD16 UINT YUV422
0x24C3DD6F034EFE4BB1853D77768DC950 32bppYCC444Alpha 4 v BDS8 UINT YUV444
0x24C3DD6F034EFE4BB1853D77768DC951 40bppYCC444Alpha 4 v BD10 UINT YUV444
0x24C3DD6F034EFE4BB1853D77768DC952 64bppYCC444Alpha 4 v BD16 UINT YUV444
0x24C3DD6F034EFE4BB1853D77768DC953 | 64bppYCC444AlphaFixedPoint| 4 v BD16S SINT YUV444
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The manner of output for the decoded image data produced from a conforming decoder may be determined by the
application. However, each PIXEL_FORMAT value specified in Table A.6 has a corresponding defined output
format that is specified for reference purposes as the output of a hypothetical reference decoder. This reference
output format is in the form of an ordered string of bytes defined as follows:

If PIXEL_FORMAT is equal to 24bppRGB, the decoded channels are interleaved on a sample-by-sample basis
in raster scan order, where the ordering of the interleaving is R, then G, then B, and each sample value for
each channel is output as a single byte.

Otherwise, if PIXEL_FORMAT is equal to 32bppRGBE, the decoded channels are interleaved on a sample-by-
sample basis in raster scan order, where the ordering of the interleaving is B, then G, then R, then E, and each

1 1 £ 1 1 1 4+ - : h I P
dIIIPIC VAIUT 10D T4AUIT CIAITTIICT IS OUtput d5 4 SITIEIC Uy LE.,

therwise, if PIXEL_FORMAT is equal to 48bppRGB, 48bppRGBFixedPoint, or 48bppRGBHalf
hannels are interleaved on a sample-by-sample basis in raster scan order, where the or
hterleaving is R, then G, then B, and each sample value for each channel is output'‘ising 16
ndian form.

therwise, if PIXEL_FORMAT is equal to 96bppRGBFixedPoint, the decoded-channels are int]
ample-by-sample basis in raster scan order, where the ordering of the interleaving is R, then
ach sample value for each channel is output using 32 bits in little-endian form.

therwise, if PIXEL_FORMAT is equal to 64bppRGBFixedPoint*or-64bppRGBHalf, the decoded
hterleaved on a sample-by-sample basis in raster scan order; where the ordering of the inte
hen G, then B, then a padding channel, and each sampl€ value for each channel is output ug
ttle-endian form.

—_—ct = S

therwise, if PIXEL_FORMAT is equal to 128bppRGBFixedPoint or 128bppRGBFloat, the dec
re interleaved on a sample-by-sample basis in#Faster scan order, where the ordering of the int
hen G, then B, then a padding channel, and‘each sample value for each channel is output ug
ttle-endian form.

therwise, if PIXEL_FORMAT is,_equal to 64bppRGBA, 64bppRGBAFixedPoint, 64bpp
4bppPRGBA, the decoded channeéls-are interleaved on a sample-by-sample basis in raster scar
he ordering of the interleaving,is R, then G, then B, then Alpha, and each sample value for e:
utput using 16 bits in little=endian form.

therwise, if PIXEL_FORMAT is equal to 128bppRGBAFixedPoint, 128bppRGBAFloat, or 128bp
he decoded channels)are interleaved on a sample-by-sample basis in raster scan order, wher

its in little-endian form.

therwise,-if PIXEL_FORMAT is equal to 24bppBGR, the decoded channels are interleaved on
ample basis in raster scan order, where the ordering of the interleaving is B, then G, then R, an

| the decoded
dering of the
bits in little-

erleaved on a
G, then B, and

channels are
brleaving is R,
ing 16 bits in

ded channels
erleaving is R,
ing 32 bits in

RGBAHalf, or
order, where
ch channel is

pPRGBAFloat,
e the ordering

f the interleaving-is R, then G, then B, then Alpha, and each sample value for each channel is ofitput using 32

a sample-by-
H each sample

aluefor each channel is output as a single byte.

Otherwise, if PIXEL_FORMAT is equal to 32bppBGR, the decoded channels are interleaved on a sample-by-
sample basis in raster scan order, where the ordering of the interleaving is B, then G, then R, then a padding
channel, and each sample value for each channel is output as a single byte.

Otherwise, if PIXEL_FORMAT is equal to 32bppPBGRA, the decoded channels are interleaved on a sample-by-
sample basis in raster scan order, where the ordering of the interleaving is B, then G, then R, then Alpha, and
each sample value for each channel is output as a single byte.

Otherwise, if PIXEL_FORMAT is equal to 16bppBGR565, the output is in the form of packed bit fields within
the integer values specified by Table 196, and these integer values are output in raster scan order using 16
bits in little-endian form. (See NOTE 3 below.)
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— Otherwise, if PIXEL_FORMAT is equal to 16bppBGR555, the output is in the form of packed bit fields within
the integer values specified by Table 197, and these integer values are output in raster scan order using 16
bits in little-endian form. (See NOTE 3 below.)

— Otherwise, if PIXEL_FORMAT is equal to 32bppBGR101010, the output is in the form of packed bit fields
within the integer values specified by Table 198, and these integer values are output in raster scan order
using 32 bits in little-endian form.

NOTE 3 When the PIXEL_FORMAT is equal to 16bppBGR565, 16bppBGR555, or 32bppBGR101010, the positions of
the bits representing the actual R and B components depend on the value of the RED_BLUE_NOT_SWAPPED_FLAG. In
these cases, if RED_BLUE_NOT_SWAPPED_FLAG is equal to 0, the R component bits are in the MSBs of the packed bit
fields and the B component bits are in the LSBs; otherwise, in these cases the R component bits are in the LSBs of the
packed bit fields and the B component bits are in the MSBs.

— Otherwige, if PIXEL_FORMAT is equal to BlackWhite, the output is in the form of packed bit fields-within the
integer vplues specified by Table 199, and these integer values are output as bytes in raster scan.order.

— Otherwige, if PIXEL_FORMAT is equal to 32bppCMYK or 32bppCMYKDIRECT, the decoded channels are
interleavied on a sample-by-sample basis in raster scan order, where the ordering, of the interleaving is C,
then M, then Y, then K, and each sample value for each channel is output as a single byte.

— Otherwige, if PIXEL_FORMAT is equal to 40bppCMYKAlpha or 40bppCMYKDIRECTAlpha, the decoded
channels| are interleaved on a sample-by-sample basis in raster scan~order, where the ordering pf the
interleaviing is C, then M, then Y, then K, then Alpha, and each sample value for each channel is outpyt as a
single byte.

— Otherwidge, if PIXEL_FORMAT is equal to 64bppCMYK or 64bppCMYKDIRECT, the decoded channels are
interleavied on a sample-by-sample basis in raster scan order; where the ordering of the interleaving is C,
then M, then Y, then K, and each sample value for each channel is output using 16 bits in little-endian form.

— Otherwide, if PIXEL_FORMAT is equal to 80bppCMYKAlpha or 80bppCMYKDIRECTAlpha, the decoded
channels| are interleaved on a sample-by-samplé*basis in raster scan order, where the ordering of the
interleaviing is C, then M, then Y, then K, then Alpha, and each sample value for each channel is outputjusing
16 bits in little-endian form.

— Otherwide, if PIXEL_FORMAT is equal.to'12bppYCC420, 16bppYCC422, or 24bppYCC444, the Y samplps are
output fifst in raster scan order, then'the U samples are output in raster scan order, then the V samples are
output in] raster scan order, and.each sample value for each channel is output as a single byte.

— Otherwige, if PIXEL_FORMAT is equal to 20bppYCC422, 32bppYCC422, 30bppYCC444, 48bppYCC444, or
48bppYUC444FixedPoint, the Y samples are output first in raster scan order, then the U samples are output in
raster scan order, thenthe V samples are output in raster scan order, and each sample value for each channel
is outputiusing 16/bits in little-endian form.

— Otherwige, Af\PIXEL_FORMAT is equal to 20bppYCC420Alpha or 24bppYCC422Alpha, the Y sampl¢s are
output firstin raster scan order, then the U samples are output in raster scan order, then the V samples are
output in raster scan order, then the Alpha samples are output in raster scan order, and each sample value
for each channel is output as a single byte.

— Otherwise, if PIXEL_FORMAT is equal to 32bppYCC444Alpha, the Y samples are output first in raster scan
order, then the U samples are output in raster scan order, then the V samples are output in raster scan order,
then the Alpha samples are output in raster scan order, and each sample value for each channel is output as a
single byte.

— Otherwise, if PIXEL_FORMAT is equal to 30bppYCC422Alpha, 48bppYCC422Alpha, 40bppYCC444Alpha,
64bppYCC444Alpha, or 64bppYCC444AlphaFixedPoint, the Y samples are output first in raster scan order,
then the U samples are output in raster scan order, then the V samples are output in raster scan order, then
the Alpha samples are output in raster scan order, and each sample value for each channel is output using 16
bits in little-endian form.
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Otherwise, if PIXEL_FORMAT is equal to 24bpp3Channels, 32bpp4Channels, 40bpp5Channels,
48bpp6Channels, 56bpp7Channels, or 64bpp8Channels, the decoded channels are ordered by increasing
channel number, and the samples of each channel are output in raster scan order, and each sample value for
each channel is output as a single byte.

Otherwise, if PIXEL_FORMAT is equal to 48bpp3Channels, 64bpp4Channels, 80bpp5Channels,
96bpp6Channels, 112bpp7Channels, or 128bpp8Channels, the decoded channels are ordered by increasing
channel number, and the samples of each channel are output in raster scan order, and each sample value for

each channel is output using 16 bits in little-endian form.
Otherwise, if PIXEL_FORMAT is equal to 32bpp3ChannelsAlpha, 40bpp4ChannelsAlpha,
8bpp5thanmmetsAtpta, —56bpp6ChanmelsAtpha, —64bpp7ChanmetsAtptra, —or—72bpp8€hammelsAlpha, the
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Interpretation of alpha channel information (when present) is considered pre-multiplied or not pre-multiplied as
follows:

— If PIXEL_FORMAT is equal to 32bppPBGRA, 64bppPRGBA, or 128bppPRGBAFloat, the channels other than the
alpha channel are considered to be in pre-multiplied form in relation to the alpha channel.

— Otherwise, the channels other than the alpha channel are considered not to be in pre-multiplied form in
relation to the alpha channel. In these cases, the value of PREMULTIPLIED_ALPHA_FLAG in the associated

IM

AGE_HEADER( ) of the coded image that contains the alpha channel shall be equal to 0.

NOTE 5 The designation of an alpha channel as pre-multiplied indicates that the decoded sample values do not require
multiplication by the alpha channel values when performing compositing (as any necessary such multiplication process was
performed as a pre-processing step prior to encoding).
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orts three types of numerical encoding: unsigned integer, fixed point, and floating point, each at a

variety of bit depths.

PIXEL_FORMAT values having the "Num" column of Table A.6 indicating "UINT" are unsigned integer formats as

follows.

— If BPCis equal to BD8, the minimum value is 0 and the maximum value is 255, providing 256 unique values.

— Otherwise

(BPC is equal to BD16), the minimum value is 0 and the maximum value is 65 535, providing 65 536

unique values.
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JPEG XR supports fixed point numerical encoding for 16-bit and 32-bit signed values. In this documer

abbreviation §
Fixed point v4

— 16-bit Fixe

el and the maximum possible value represents the maximum value for that channel ~W
nels for a pixel format are at their maximum numerical value, this corresponds to the bri
colour, or the encoding white. Exceptions to this general rule include the following unsighed iJ

shtest
iteger

PUT_BITDEPTH is BD1BLACK1, a value of zero represents the maximum level or white and afvalue

resents the minimum level or black.

red as
nge of

OUTPUT_CLR_FMT is YUV444, YUV422, or YUV420, the U and V ‘Cemiponents are interpre
berence representations that are offset by a constant value, such that the middle value of the ra
teger values is used for the representation of both the encoding.black and the encoding white.

ree of
k and

OUTPUT_CLR_FMT is CMYK or CMYKDIRECT, the K €omponent is interpreted as a deg
toward black, such that the maximum value for the K-Coemponent is used for the encoding bla
im value for the K component is used for the encodingwhite.

OUTPUT_CLR_FMT is NCOMPONENT and the number of encoded components other than the [Alpha
'hen present) is greater than 3, in the absence of other information to assist in the colour channel
ion, the fourth channel should be interpreted as a K channel indicating a degree of proximity tpward
the cases when the OUTPUT_CLR_FMTis CMYK or CMYKDIRECT (see also Annex C).

\T values having mnemonic names.that end in "FixedPoint" specify fixed point representations

['ted in
ntages

d point numerical representatioh is not commonly supported in prior image file formats. It is suppo
hy to encode an extended rangé of numerical values more directly while retaining the performance adva
ssing.

t, the
INT is used to_refer to signed integer or fixed point values.

lues having BPC equal to 16 or 32 are interpreted as follows.

d ®Roint, a format referred to as s2.13: The 16 bits that make up an individual value are interpreted
. . . . . i . . ] 40 to

as asignb

+3.999... can

represent

7

be ed, with the value of 1 represente by the signed integer value 8 192 (02000).

— 32-bit Fixed Point, a format referred to as s7.24: The 32 bits that make up an individual value are interpreted
as a sign bit, seven integer bits and twenty-four fractional bits. Using this interpretation, a numerical range of

-128.0 to

+127.999... can be represented, with the value of 1.0 represented by the signed integer value

16777 216 (0x01000000).

NOTE 7 JPEG XR does not enable fully lossless compression for 32-bit data in general. The encoding and decoding algorithms
use 32-bit computations, and some dynamic range is lost to necessary headroom for signal processing calculations such as
overlap and core transform computations. A minimum of 22 bits and typically 24 bits or more precision is retained through the
end-to-end encoding and decoding process.
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