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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

roaniZatior FTTITICT TdTToT FTTITIET i taisom with 1SOand 1EC 3 akepart in the

he procedures used to develop this document and those intended for its furthercmaintenance are
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval critefia needegd for the
ifferent types of document should be noted. This document was drafted in\accordance with the
ditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Q Q. O 3

ttention is drawn to the possibility that some of the elements of this do¢ument may be the spibject of
atent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
etails of any patent rights identified during the development-of the document will b¢ in the
htroduction and/or on the ISO list of patent declarations received (see www.iso.org/patents) or the
EC list of patent declarations received (see http://patents.iecch):

—_— =

T

ny trade name used in this document is information givén for the convenience of users and floes not
onstitute an endorsement.

(@)

or an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
xpressions related to conformity assessment;*as well as information about ISO's adherenge to the
Vorld Trade Organization (WTO) principles in the Technical Barriers to Tradg (TBT)
ee www.iso.org/iso/foreword.html.

v < @

=

his document was prepared by-joint Technical Committee ISO/IEC]JTC 1, Information teghnology,
ubcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in collaporation
Fith ITU-T. The technically identical text is published as Rec. ITU-T T.832.

= W\n

—

his fourth edition cancels and replaces the third edition (ISO/IEC 29199-2:2012), which Has been
echnically revised. [talso incorporates the Amendment ISO/IEC 29199-2:2012/Amd.1:2017.

—t

The main changes-eompared to the previous edition include:

- the specification of additional colour type identifiers;

— the’specification of an alternative file storage format based on ISO/IEC 23008-12 for the storage
and 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.

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.

© ISO/IEC 2020 - All rights reserved v
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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 pri

photogra
process §
range of
and with

As of 200
format as
of three
values).

More demanding applications may require a bit depth of 16, providing 65 536 representable values for ead

channel,

depths and sample representation formats. When memory or processing power is at a premium, as few as five g

six bits p

The JPEQ
applicati
CMYK an
numericg
specificaf
encoders|
imagery

JPEG XR

complexity encoding and decoding implementation requirements. It also provides an extensive set of addition

functiond
— high
— low

— lossl

— imag

ary intended application of JPEG XR is the representation of continuous-tone still images such 3
hic images. The manner of representation of the compressed image data and the associated decodin|
re specified. These processes and representations are generic, that is, they are applicable‘to‘a broa
applications using compressed colour and grayscale images in communications and computer system
n embedded applications, including mobile devices.

8, the most widely used digital photography format is a nominal implementationsof the first JPEG codin|

specified in ITU-T Recommendation T.81 | ISO/IEC 10918-1. This encoding usés’abit depth of 8 for ead
Channels, resulting in 256 representable values per channel (a total of 16 74% 216 representable coloy

and resulting in over 2.8 * 101 colour values. Additional scenarios may necessitate even greater b
b1 channel may be used.

XR specification enables greater effective use of compressed imagery with this broadened diversity
n requirements. JPEG XR supports a wide range of colour encoding formats including monochrome, RG]
d n-component encodings using a variety of unsigned integer, fixed point, and floating point decode
| representations with a variety of bit depthsx"The primary goal is to provide a compressed forms
ion appropriate for a wide range of applications while keeping the implementation requirements fqg
and decoders simple. A special focus of the design is support for emerging high dynamic range (HDR
hpplications.
combines the benefits of optimized image quality and compression efficiency together with low
lities, including:

compression capability;

Computational dand memory resource requirements;

ess and laSsy compression;

e tile Segmentation for random access and large image formats;

wn Q09 wn

=3 = = 09

= ot

e

— N+

]

— support for low-complexity compressed-domain image manipulations;

— support for embedded thumbnail images and progressive resolution refinement;

— emb

— alph

edded codestream scalability for both image resolution and fidelity;

a plane support;

— bit-exact decoder results for fixed and floating point image formats.

vi
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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;
—+ support for a wide range of decoded sample formats (many of which support high dynamic.range impgery):

— 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.
he algorithm uses a reversible hierarchical, lifting-based lapped biorthogonal transform. The transform has
ssless image representation capability.and’requires only a small number of integer processing opergtions for
oth encoding and decoding. The procesSing is based on 16 x 16 macroblocks in the transform domain, which may
r may not affect overlapping area$ in the spatial domain (with the overlapping property selected ynder the

pntrol of the encoder). The design’provides encoding and decoding with a minimal memory footprint sufitable for
mbedded implementations.

o 0 QO O =

—

he algorithm provides pative support for both RGB and CMYK colour types by converting these colour fprmats to
nEx internal luma-dominant format through the use of a reversible colour transform. In additipn, YUV,
onochrome and arbitrary n-channel colour formats are supported.

QO

—

he transfornmis“employed are reversible; both lossless and lossy operations are supported using the same
gorithm. Hsing the same algorithm for both types of operation simplifies implementation, which is ¢specially
portantfor embedded applications.

—

A wide range of numerical encodings at multiple bit depths are supported: 8-bit and 16-bit formats, 4s well as

addifional cnacializad naclead Wit £ornabe avn cypm gt d fo hath locoy and Iacclace caprnccingy (29 i fOrmatS

datrcroTo S Pt o Z C O Pt C O DT TOT ot S, o C o ua p p o tCOTOT DOt 1055y ot 1o551Co 5 o pTrCosTOT— 0=t

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


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

ISO/IEC 29199-2:2020(E)

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-ails minato erms-and ondg ons-_\ n-app ants througho he \Wworld n-this espe t,
the statefnents of the holders of these patent rights are registered with ISO and IEC. Information may be obtained
from the patent database available at www.iso.org/patents.

is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those in the patent database. ISO and IEC shall not be held responsible for identifying any or al
such pat¢nt rights.

—_—
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and the following apply.

Scope

his document specifies a coding format, referred to as JPEG XR, which is designed primarilyfor continy
hotographic content.

Normative references
he following documents are referred to in the text in such a way that some ‘or all of their content cg
bquirements of this document. For dated references, only the edition citéd applies. For undated refers

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

ec. ITU-T T.833 | ISO/IEC 29199-3, Information technology —YPEG XR image coding system — Part |
PEG XR

50 /1EC/IEEE 60559, Information technology — Microprgeessor systems — Floating-Point arithmetic
b0/1EC 10646:2017, Information technology — Universal coded character set (UCS)

bO/IEC 23008-12:2017, Information technology — High efficiency coding and media delivery in heten
nvironments — Part 12: Image file format

Terms and definitions

or the purposes of this docuifient, the terms, definitions and abbreviated terms specified in 1ISO/IEC }

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

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

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

OTE, \/For the avoidance of doubt, in case of ambiguities, the definitions in this document take precedencg
efinitions of ISO/IEC 23008-12 except in regard to the file format specified in Annex F. A sample in the context

ous-tone

nstitutes
nces, the

B: Motion

ogeneous

£3008-12

over the
f 1SO/IEC

2

3008-12 and in Annex F is "all the data associated with a single time". In Annex G, this is meant as all data associate

with one

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

3.1

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-coded 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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3.2

adaptive inverse scanning

parsing s

ub-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 im
optional
compons

Note 1 to

3.5
block
mxn arra

3.6

block intex

integer i
within a }

3.7
byte
sequenc

3.8
byte-alig
bitinac
where th

3.9
chroma
compone
sample v

3.10

coded block pattern high-pass

syntax e
coefficien

3.11

age plane
secondary image plane (3.36) associated with an image of the same dimensions as the luma (3.44)
nt of the primary image plane (3.57)

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

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

—

the range 0 to 15 identifying, by its position in raster scancorder (3.61), a particular 4x4 block (3.5
partition of a 16x16 block into 16 4x4 blocks

of 8 bits

ned
destream (3.13) where its position is-atuinteger multiple of 8 bits from the beginning of the codestreamn,
e first bit in the codestream is at position 0

o

nt (3.14) of the primary-image plane (3.57) with non-zero index, or the transform coefficients (3.75) an|
hlues associated withrthis'component

%)

ement indicating the coded block status (3.12), i.e. the presence or absence of non-zero high-pas
ts (3.34),:fot each of the blocks (3.5) in the macroblock (3.46)

coded bl

eckpatternlow-pass

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

(3.46)

3.12
coded bl

ock status

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

3.13

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

© ISO/IEC 2020 - All rights reserved
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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
component
array of samples associated with an image plane (3.36)

3.15

context
ossible value of a specific instance of a context variable (3.16)

.16

context variable

riable used in the parsing process (3.54) to select which data structure is to be used forthe adaptive
arsing of a given syntax element

.17

C coefficient

first subset when the transform coefficients (3.75), that are contained in a speeific macroblock (3.46) and
cpmponent (3.14), are partitioned into 3 subsets

.18

C-LP array
ray of all DC (3.17) and low-pass (3.44) transform coefficients.(3.75), for all macroblocks (3.46) associat
specific component (3.14)

embodiment of a parsing process (3.54) and decoding process (3.20)

.20
ecoding process
rocess of computing output sample(values from the parsed syntax elements of the codestream (3.13)

.21

equantization

rocess of rescaling the-quantized transform coefficients (3.75) after their value has been parsed
cpdestream (3.13) and’before they are presented to the inverse transform process (3.41)

.22

iscriminant

e of DiserimVall or DiscrimVal2, which are the two member variables of an instance of the adaptive
ata structure

otée-1 to entry: The adaptive VLC data structure is specified in subclause 5.5.5.

VLC (3.3)

a specific

ed with a

from the

VLC (3.3)

3.23
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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3.25

extended image

image (3.

35) produced by the decoding process (3.20) prior to windowing (3.79)

Note 1 to entry: The extended image has a luma (3.45) array that is an integer multiple of 16 in width and height.

3.26

file
finite-len
obtain ac

gth sequence of bytes (3.7) that is accessible to a decoder (3.19) in a manner such that the decoder can
cess to the data at specified positions within the sequence of bytes

EXAMPLE
performin|

3.27

file formlat

specified

3.28
fixed-len
FLC
code whil
same len

3.29

FLC refin
fixed-leng
fixed-len

3.30
flexbits
fixed-leng
length co

3.31

frequeng
one of th
coefficien

3.32

frequenc
codestred
frequenc)

3.33
hard tile
codestred

Access to the data can be achieved by storing the entire sequence of bytes in random access memory or Hy
g "position seek” operations to specified positions within the sequence of bytes.

structure for the content of a file (3.26)

gth code

ch assigns a finite set of allowable bit patterns to a specific set of valuesywhere each bit pattern has the
bth

ement
th coded (3.28) part of a DC coefficient (3.17) or low-pass cogfficient (3.44) that is parsed using adaptiv
bth codes

¢

th coded (3.28) part of the high-pass coefficient.(3.34) information which is parsed using adaptive fixec
des

y band
ree subsets of the transform coefficients (3.75) for an image (3.35), which are separately parsed: DC
ts (3.17), low-pass coefficients (3.44) and high-pass coefficients (3.34)

y mode
m (3.13) structuré)mode where the DC (3.17), low-pass (3.44), high-pass (3.34) and flexbits (3.3(
bands (3.31) foreach tile (3.72) are grouped separately

Nt

S

boundary

m_{3.13) structure mode where the overlap operators are not applied across tile boundaries; instead,
r overlap operators are applied at tile boundaries

3.34
high-pas

s 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 reserved
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3.36
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
interleaved alpha image plane

dlpha image plane (3.4) that is coded in a codestream (3.13) in an interleaved manner together with (thg
mage plane (3.57)

.39

~.

0

internal colour format

cplour format associated with the spatial-domain samples obtained through the inverse, transform proc
and the sample reconstruction process (3.65), and distinguished from the output colonformat (3.49) a
with the output formatting process (3.50)

3.40

inverse core transform

ICT

tWo steps of the inverse transform process (3.40) that involve processing.of transform coefficients (3.75) a
with each macroblock (3.46) independently, with no overlap filtering {3.53)

341

inverse transform process

plart of the decoding process (3.20) by which a set of dequantized (3.21) transform coefficients (3.75) are d
into spatial-domain values

3.42

inverse scanning

process of reordering an ordered set of parsed syntax elements from the codestream (3.13) to form ar
transform coefficients (3.75) associated, with a specific component (3.14) and macroblock (3.46)

3.43

little-endian form

ordering of the bytes (3.7) that represent a numerical value as an integer number of bytes in which
representing the number are.in ascending order of significance

Note 1 to entry: With the least significant byte first, followed by the next least significant byte, etc.

3.44

lpow-pass coefficient

second subset, when the transform coefficients (3.75) that are contained in a specific macroblock (3.4
specifie.component (3.14) are partitioned into 3 subsets

e primary

pss (3.40)
ssociated

ssociated

onverted

array of

the bytes

6) 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 infor

mation, 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

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
output bjit depth

representation, including the number of bits and the interpretation of the bit pattern, used for the sample valug
of the oufput image (3.35) that are the result of the decoding process (3.20)

%)

3.49
output cplour format
colour fofmat associated with the output image (3.35) that is the result of the decoding process (3.20)

3.50
output formatting process

process of converting the arrays of samples (that are the result of the sample reconstruction process (3.65)) int
the outpyt samples that constitute the output of the decoding process (3.20)

[]

53

Note 1 to entry: This specifies a conversion (if necessary) into the appropriate guitput colour format (3.49) and output bit dep
(3.48).

3.51
output image height

height offthe sub-array of the luma (3.45) component (3.14).of the primary image plane (3.57) that is output by th
decoding[process (3.20)

(¢

3.52
output immage width

width of the sub-array, of the luma (3.45) comiponent (3.14) of the primary image plane (3.57) that is output by th
decoding[process (3.20)

D

3.53
overlap filtering

steps of [the inverse transform\process (3.41) that involve processing of transform coefficients (3.75) acrog
adjacent plocks (3.5) and macroblocks (3.46)

v

Note 1 to|entry: When ayeérlap filtering is applied, it is applied across macroblock boundaries as well as block boundarie|
When thecodestream (8;13) uses soft tiles (3.67), the overlap filtering is also applied across tile (3.72) boundaries. Otherwis
overlap filtering doe§ not occur across tile boundaries.

o7

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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3.57
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 index

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)

ote 1 to entry: The QP index (3.58) thereby selects, for this macroblock, the quantization parameter usg
quantization (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),)correspondi
lyma (3.45) and chroma (3.9) components (3.14)

.60

uantization parameter

P

lue used to compute the scaling factor for the dequantization (3.21) of a transform coefficient (3.75), b
inverse transform process (3.41) is applied

.61

raster scan order

sgan order in which a two-dimensional array of values is¢scahned row-wise from left to right, and the
spanned from the top row to the bottom

.62
refinement
rocess of modifying a predicted or partially-computed transform coefficient (3.75)

umber of zero valued coefficient levels that precede a non-zero valued coefficient level in the zigzag s
(B.80) during the inverse scanning.(3.42) process

.64
sample
element in a two-dintensional image array that comprises an image plane (3.36)

.65
spmple reconstruction process
rocess ofconverting dequantized (3.21) transform coefficients (3.75) into samples of the image (3.35)

.66
separate alpha image plane

d for the

hg to the

efore the

rows are

ran order

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
spatial region of the decoded image (3.35)

© ISO/IEC 2019 - All rights reserved
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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 ¢ntry: As specified in subclause 8.3.8.

@

Note 2 to gntry: The spatial transformation (3.70) is only a suggestion, and decoder (3.19) conformance is checked only for th
decoded ifnage (3.35) prior to the application of this transformation (i.e. for orientation 0).

3.71
start code
bit pattefn that specifies the beginning of a tile packet (3.73) or other distinguished; €ontiguous set of syntd
elements|in the codestream (3.13)

3

3.72
tile
collection of macroblocks (3.46) that have the same indices i and j with respect to a tile partition (3.74)

Note 1 to ¢ntry: Each tile (3.72) corresponds to the macroblocks for a rectangular region of the image (3.35).

3.73
tile packet

contiguolis subset of the codestream (3.13), which contains‘the coded syntax elements associated with a specif;
tile (3.72

[9)

3.74
tile partition
partition|of the image (3.35) into rectangulararrays of macroblocks (3.46)

Note 1 to ¢ntry: As specified in subclause 6.4.

3.75
transform coefficient
values, agsociated with each specific macroblock (3.46) and specific component (3.14), that - after dequantizatio
(3.21) - fprm the inputarrays into the inverse transform process (3.41)

=

3.76
universdl multiple-octet coded character set transformation format 8
UTF-8
8-bit chardeter 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

zZiigzag scan order

adaptive ordering for the inverse scanning (3.42) process, which assigns array indices)to each sujpsequent
transform coefficient (3.75) parsed from the codestream (3.13)

4 Abbreviated terms

(BPHP coded block pattern high-pass

(BPLP coded block pattern low-pass

qIE International Commission on Illumination

HCC Federal Communications Commission

HCT forward core transform

HLC fixed-length code

HP high-pass

IcC International Color Consortium

ICT inverse core transform

JPEG Joint Photographic Experts Group

P low-pass

ISB least significant bit

NSB most significant bit

NTSC National/Television System Committee

QP quantization parameter

RP recommended practice

SMPTE Society of Motion Picture and Television Engineers

JUID 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)

++ ncrement by one as a unary postfix operator

-- lecrement by one as a unary postfix operator

* multiplication

/ nteger division, where the result is truncated towards zero

livision in mathematical equations where no truncation or rounding is intended

x livision in mathematical equations where no truncation or rounding is intended
y
% X % a is defined as the modulus operator forx >=0anda >0
X % ais defined as —(((-x) % a)) forx<0anda>0
NOTE 1 Although sometimes used as unary prefix operators in the C programming'language, the "++" and "- -" arithmetjc

operatorsfare not used as unary prefix operators in this document.

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

5.2.2 Llogical operators

|| ogical OR

&& ogical AND

! ogical NOT
TRUE/FALSE convention:

— When| a variable or arithmetic éxpression having a non-zero value is evaluated as a logical condition or as an
element of a logical expression; it is evaluated as TRUE, and when a variable or expression having a zero valy
is evaluated as a logical condition or as an element of a logical expression, it is evaluated as FALSE.

[¢)

[«5)

— When| the value of,a‘variable or arithmetic expression is compared to the value TRUE (in text or using
relatipnal operator),it is compared to the value 1, and when the value of a variable or arithmetic expression
compared to the value FALSE (in text or using a relational operator), it is compared to the value 0.

v

— When| a variable is set to the value TRUE, it is set to the value 1; and when a variable is set to the value FALSE,
it is sgt'to)the value 0.
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5.2.3 Relational operators

> greater than

>= greater than or equal to

< less than

<= less than or equal to

== equal to

I+ not equal to

5.2.4 Bit-wise operators

Bit-wise operators operate on bit pattern values that are produced by conversion of anyinteger value to an

equivalent bit pattern value. Bit-wise operators operate on a two's complement representation of the integer

vilue using a number of bits sufficient to represent the integer value (with a bit equal to 0 in the MSB of non-

negative integer value representations and otherwise with a bit equal to 1 in the MSB). The result of 4 bit-wise

operator is then interpreted as a two's complement representation of an integer_value. The following bit-wise

operators are defined:

& AND
When operating on a bit pattern argument that contains fewep bits than the other argument, thie shorter
argument is extended by adding more significant bits eqfial to the MSB of the shorter argunjent such
that the number of bits representing the shorter argdment is made the same as the number ¢f bits for
the longer argument.
OR
When operating on a bit pattern argument that contains fewer bits than the other argument, thee shorter
argument is extended by adding more significant bits equal to the MSB of the shorter argunjent such
that the number of bits representing thé’shorter argument is made the same as the number ¢f bits for
the longer argument.

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

x>>b  arithmetic rightshift of a two's complement integer representation of x by b binary digits, whre b is a
non-negativeinteger
Bits shiftedyinto the MSBs as a result of the right shift have a value equal to the MSB of x prior tq the shift
operation.

x<<b  arithmetic left shift of a two's complement integer representation of x by b binary digits, where b is a
nen-negative integer
Bits shifted into the LSBs as a result of the left shift have a value equal to 0.
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5.2.5 Assignment operators

<<=
>>=

5.2.6

Operatorp are listed below in descending order of precedence. If several operators appear in the same line, thely
have equfal precedence. When several operators of equal precedence appear at the same leveliin an expressiop,
evaluation proceeds according to the associativity of the operator either from right to left of from left to right.

Precedence order of operators

assignment operator

x+=aisdefinedasx=x+a
x—=aisdefinedasx=x-a
x*=aisdefinedasx=x"a

x*=aisdefinedasx=x*a

x <<=ais defined asx = (x << a)

x >>=ais defined asx = (x >> a)

Table 1 — Precedence order of operators

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

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

Pseudocqde is organized into "funictions" that are specified in tabular form. A sample pseudocode table {s
presentedl in Table 2. Pseudocode, statements are each expressed as a row of the table. A group of statements
enclosed|in curly brackets "{.(}*15 a compound statement and is treated functionally as a single statement. Eadh

d

function

containinlg the opening ctirly bracket of a compound statement.

Argumenits passed/te'a pseudocode function are listed in parenthesis after the function name, and are commpa
delimited. Two types of arguments are used in pseudocode function definitions, as follows:

— Non-drtay variables, which are passed by value (e.g. valueArgument1 in Table 2).

Hefinition begins with a table row specifying the name of the function, the arguments of the function, an|

— 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

12
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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 "retu
pseudocode return statement. Functions that do not return a value do not contain a return statemen

rn" in the
t. Table 2

provides an example of a function definition for a function that returns the value of a variable valueReturn.

Table 2 — Example of a pseudocode table

ExamplePseudocode(valueArgumentl, arrayArgument2[ ]) { Reference
statement
return valueReturn

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

Table 3 — Example of a pseudocode comment

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

Tlhe pseudocode convention shown in Table 4 specifies repeated exécution of a "condition" checking follg
'statement" until the "condition" is no longer TRUE.

Table 4 — Example of a psendocode while statement

ExamplePseudocodeWhileStatement(*) { Reference
while (condition)
statement
}

he pseudocode convention shown in Table 5 specifies evaluation of an "initial statement"” followed by e
f a "condition”, and when the'condition" is TRUE, it specifies repeated execution of a "primary st
llowed by a "subsequent statement”, and repeating the checking of the condition and the executi
rimary statement and subseguent statement until the checked condition no longer evaluates to the valug

holll~Heol—|

Table 5 — Example of a pseudocode for statement

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

—

he pseudocode convention shown in Table 6 specifies that a "statement" is executed if a "condition"” is T|

wed by a

valuation
atement”
n of the
e TRUE.

RUE, and

t] £ LN 'S s ot £ 2 4+l 4 £ o
atair artCT IIatC-StatCTrCIItT IS UTICT wWiSTpCTTUTTITCUR

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 l“athcunatiba} fuu\,tiuuo

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 constar

2.718 281 828...)

maximum of two arguments (as specified in Table 8)

Table 8 — Definition of mathematical function Max( )

ot

Max(a, b) {

Reference

if (a>=b)

valueReturn = a

else

valueReturn =b

return valueReturn

}

minimum of two arguments (as spécified in Table 9)

Table 9 — Definition of mathematical function Min()

Min(a, b) {

Reference

if (a<=b)

valueReturn = a

else

valueReturn = b

return valueReturn

}

absolufe 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

}
Round(x) rounding to integer value (as specified in Table 12)
Table 12 — Definition of mathematical function Round()
Round(x) { Reference
valueReturn = Sign(x) * Floor(Abs(x) + 0.5)
return valueReturn
i
dlip(x, iLow, iHigh) clip integer value to a range lie between integers iLow and iHigh (as specified in Tahle 13)

W

qre(x)

umones(x)

=z

L ot

Table 13 — Definition of mathematical function Clip()

Clip(x, iLow, iHigh) {

Reference

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 argumgnt x that

is represented in two's complement arithmetic (as'specified in Table 14)
Table 14 — Definition of mathématical function Numones( )

Numones(x) {

Reference

valueReturn = 0

while (x !=0) {

valueReturn += (x &1)

x>>=1

}

return valueReturn

5.3 Syntax and semantics notation

5.3.1 Method of specifying syntax in tabular form

Thhe syntax tables spe€ify a superset of the syntax of all allowed codestreams. Additional constraints on the syntax
may also be specifiéd; either directly or indirectly, in other subclauses.

able 15 lists-an example of pseudocode used to specify the syntax. When the name of a syntax element appears in
he first column, it specifies that the syntax element is parsed from the codestream and the codestream pointer is
dvancedto 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 docunjent.

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.

J— e(v); entropy caded syntax element where the mast cigniﬁrnnf bit of the code is the left-most bit _This indicates

a varipble-length coded syntax element, and a fixed VLC table is used to parse this syntax element.

— ae(v)q adaptive entropy coded syntax element where the most significant bit of the code is the left. most bif.
This ipdicates a variable-length coded syntax element, where the VLC table used to parse the syntax element
selected adaptively based on the values of other previously parsed syntax elements.

7]

ot

The colymn with the heading "Reference" provides one or more links to semantics of)information abod
constrairts on an associated syntax element.

Table 15 — Syntax table example

HEADER_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 */
if (condition)
SYNTAX_ELEMENT_EXAMPLE u(8) 5.3.2

}
5.3.2 S§YNTAX ELEMENT_EXAMPLE semantics

SYNTAX [ELEMENT_EXAMPLE is an example 8-bit syntax element having semantics and constraints specified i
this subclause, as identified in the "Reference"” colimn of the associated syntax table in subclause 5.3.1.

=]

5.3.3 $yntax functions

The codestream is formatted as an ordered sequence of bytes. These bytes contain sequences of bits. The syntd
elements|appear within a sequence of bits in the order specified in the syntax tables, and for each syntax elemen|
the mostisignificant bit of the syntax element representation is the first bit in the sequence of bits that represent
the syntax element and the least-significant bit of the syntax element representation is the right-most bit. The bif
of the syntax elements shall‘be extracted from the bytes that represent them by extracting the most-significant b
of the firpt syntax elementfrom the most-significant bit of the first byte, the next bit of the syntax element from
the next Jess significant'bit of the byte, etc., proceeding through to the least-significant bit of the byte and then the
most-significant bit of the following byte, if the bit pattern for the syntax element is longer than 8, etc. After thle
bits of thle first.syntax element, the same convention shall be followed, starting at the next bit, for the bits of the
next syntpx element and then for the subsequent syntax elements.

]

—~ nn n

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:

— 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 codestream rnrrpcpnndc toiloc pr}nq] to 0

3.4 Formatting conventions
3.4.1 Variable and array naming conventions

lobal variables are in scope throughout more than one subclause. The extent of the scope of each globa| variable
specified in subclause 5.5. The name of a global variable begins with an upper caseletter and inclufles some
wer case letters or numerals, and does not include underscore characters, e.g. as in "ImageWidth". [With the
xception of image variables (subclause 5.5.1), all other global variables are\associated with a specific image
lane; therefore, a separate instance of each global variable exists for the pfimary image plane and for the alpha
mage plane (in the case where an alpha image plane is present).

o 0 = =0

—

W the parsing syntax and pseudocode tables of Clause 8, the global variable IsCurrPlaneAlphaFlag i$ used to
ndicate which set of global variables are referenced in the tablé; if IsCurrPlaneAlphaFlag is equal to FALSE, the
lobal variables referenced are those of the primary image plane; otherwise (IsCurrPlaneAlphaFlag ig equal to
RUE), the global variables referenced are those of the alphaimage plane.

e = =

—3

he scope of local variables is limited to one subclause(They begin with a lower case letter and may incljide some
pper case letters or numerals and do not include underscore characters, e.g. iValue.

Square parentheses are used for the indexing-of arrays. Arrays can be either syntax elements or vatiables. A
e-dimensional array is referred to as a list! Array indices count from zero. For example, the first element of
rayExample[ ] is arrayExample[0].

5.4.2 Data structure naming conventions
An instance of a data structure is labelled by bold-faced letters. The member variables of a data strufture are
fprmatted like global variablés. To reference a member variable of a data structure instance, the data ftructure
instance's name is associatéd with the member variable with a period ".", e.g. AbslevellIndexDCLum.TgbleIndex
i

indicates that the memiber variable TableIndex is part of the data structure instance AbslevellndexDCLum.

5.4.3 Syntaxelement naming conventions

W

yntax elements are labelled by a name in upper case letters, in which at least one underscore character is
included.

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, Table 22 for syntax element OUTPUT_CLR_FMT
CMYKDIRECT, RGB, RGBE, NCOMPONENT

YUV444,YUV422,YUV420, YONLY, YUVK, Table 28 for syntax element INTERNAL_CLR_FMT
NCOMPONENT

BDIWHITET, BD8, BD16, BD16S, BD16F, BD3ZS, BD5, [ Table 23 for syntax element OUTPUT_BITDEPTH
BD1)0, BD565, BD1BLACK1

ALL{ NOFLEXBITS, NOHIGHPASS, DCONLY Table 29 for syntax element BANDS_PRESENT

5.4.6 Naming conventions for numerical values

Integer mumbers are expressed as bit patterns, hexadecimal values, or decimal numbers, Bit“patterns and
hexadecimal values have both a numerical value and an associated particular length in bits.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be uised instead of binar
notation fo denote a bit pattern having a length that is an integer multiple of 4. Forexample, 0x41 represents an
eight-bit pattern having only its second most significant bit and its least significant®it€equal to 1. Numerical valug
that are ppecified under a "Code" heading in tables that are referred to as "code tables" are bit pattern valug
(specified as a string of digits equal to 0 or 1 in which the left-most bit is cénsidered the most-significant bit).
Other numerical values not prefixed by "0x" are decimal values. When usgd,in expressions, a hexadecimal value 1s
interpreted as having a value equal to the value of the corresponding bit pattern evaluated as a binary
represenfation of an unsigned integer (i.e., as the value of the number.formed by prefixing the bit pattern with [a

r

s

<

" wn

sign bit ¢qual to 0 and interpreting the result as a two's complement representation of an integer value). Fg
example,[the hexadecimal value OxF is equivalent to the 4-bit pdttern '1111' and is interpreted in expressions g
being equyal to the decimal number 15.

5.4.7 Array dimensions convention

Arrays of height valHeight and width valWidth areldenoted as having dimension valHeightxvalWidth. For Variab1e
and function names, the character "x" is used-as-the cross symbol. Otherwise, the cross symbol "x" is used in a|
other cass.

5.5 Global variables
In subclquse 5.5, bold font forniatting is used to identify each global variables in the subclause it is describedl.

Changes |in value applied to‘global variables persist beyond single pseudocode functions. The scope of thg
persisterice is specified by the subclause in which the global variable is defined.

ot

5.5.1 Image variables

The folloWing global variables maintain information relevant to the entire image.

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.
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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
orizontally

NumTileRows: This variable holds the value associated with the number of tile partitions in the imagev¢rtically.

=

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

—

ot

eftMBIndexOfTile[j]: This variable holds the value associated with the macroblockindex of the left macroblock
plumn of the j-th tile column.

(@]

NumMBInTile[n]: This variable holds the value associated with the number ofimacroblocks in the n-th ti]e.

b4

umBandsOfPrimary: This variable holds the value associated with“the value of NumBands (dgfined in
bclause 5.5.2) for the primary image plane.

wn

SubsequentBytes: This variable holds the value associated with“the number of bytes of subsequent [data that
precede the CODED_TILES( ) (subclause 8.2.2) syntax element and follow the image plane headers and the tiles
index table.

5.5.2 Image plane variables
The following global variables maintain information relevant for all tiles of the current image plane.
IsCurrPlaneAlphaFlag: This variable is equal to TRUE if the current plane that is being parsed or decoded is the

alpha image plane; otherwise, this variable is equal to FALSE. It is also used to specify which set of imgge plane
vriables, tile variables, and macrobleck variables are being referenced.

b4

umComponents: This variable-holds the value associated with the number of colour components present in the
pdestream for the current image plane. For the primary image plane, its value can be obtained hy calling
DetermineNumCompongnts( ) (subclause 8.4.11). For the alpha image plane, its value is equal to 1.

(@]

b4

umBands: This_wariable holds the value associated with the number of frequency bands presept in the
pdestream for-the’ current image plane. Its value can be obtained by calling DetermineNumBands( ) (gubclause
.4.4).

(ool @]

NumLPQ@Ps: This variable holds the value associated with the number of low pass QP sets. This variable may have
alconstant value over an image plane or it may vary from tile to tile.

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.
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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 frpm 0 to 255.

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

[ev -

MBCBPHP[MBx][MBy][i]: (MBx and MBy are defined in subclause 5.5.4) This variablé holds the coded blog
status fof the macroblock indexed by MBx and MBy, associated with the colour component indexed by i. Th
associatipn of a bit of this variable to the block in the macroblock is specified in subelause 8.7.17.1, and a bit take
the value|1 if the corresponding block has non-zero HP transform coefficients tothe'scanned.

©n O AN

PredDCLP[MBx][MBy][i][j]: (MBx and MBy are defined in subclause 5.54)\This variable holds the predicted D
and LP cpefficient values, for the macroblock indexed by MBx and MBy, associated with the colour componer
indexed By i; the index j ranges from 0 to 6. The predicted DC value corresponds to index 0.

-+ )

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

NOTE  The values ModelBitsMBHP[MBx][MBy][i] are used in the parsing process to communicate the state between th
parsing of{the syntax structures MB_HP( ) and MB_ELEXBITS( ). See Table 83.

[¢)

ImagePlane[i][x][y]: This variable holds the sample value associated with the colour component i, located at thie
position |ndicated by the values x and&ys‘Where 0 <= i < NumComponents, 0 <= x < ExtendedWidth[i], 0 <=y
ExtendedHeight[i], for the current image plane being decoded.

N

5.5.3 Tile variables

The following global variablés maintain information that is relevant for all macroblocks in the current tile:

TileIndexkx: This variable holds the column index of the current tile. The value of TileIndexx is in the range 0 <
TileIndexx < NumTileCols.

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

Tilelndexy NumTieRows:

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.

l\llBy: This variable holds the row index of the current macroblock, with respect to the block indice§ ‘associated
with the macroblock partition of the image.

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

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

]

CInput[i]: This variable holds the DC transform coefficient value for each cglour component i.

p—

PInput[i][j]: This variable holds the j-th LP transform coefficient valuefor each colour component i.

o)

PInputVLC[i][j][Kk]: This variable holds the most significant bits\of the k-th HP transform coefficient|value for
he j-th block of the macroblock for each colour component i.

—

o)

PInputFlex[i][jl[K]: This variable holds the least significant bits of the k-th HP transform coefficient [value for
he j-th block of the macroblock for each colour component i.

(=3

[l

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

[

el

sMBTopEdgeofTileFlag: This variable indicates whether current macroblock is along the top edge of the tile. It
set equal 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

53.5.5.1 General

W

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

o

=

daptiveVLC data structure template member variables are as follows:

— DiscrimVall: This variable accumulates statistics about the code table choice, used for adaptively swijtching 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 f}ﬁwmwmnm—
AbslevellndDCLum: This data structure instance accumulates statistics for the ABS_LEVEL_INDEX ~symtq

element, |during parsing of the syntax structure DECODE_ABS_LEVEL() (Table 50) from within DECQDE-DC(
(Table 49), referring to luma DC values. The corresponding TableIndex chooses between the code tables for th
syntax element ABS_LEVEL_INDEX, which are specified in subclause 8.7.14.5.

D — X

AbslevellndDCChr: 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_DC( ) (Table 49
referring|{to chroma DC values. The corresponding TableIndex chooses between the code tables for the syntd
element ABS_LEVEL_INDEX, which are specified in subclause 8.7.14.5.

>

5.5.5.3 [Low-pass adaptiveVLC data structure instances

DecFirstindLPLum: This data structure instance accumulates statisticsfor the FIRST_INDEX syntax elemenit
during parsing of the syntax structure DECODE_FIRST_INDEX() (Table 75) from within DECODE_BLOCK(
(Table 73), referring to luma LP values. The corresponding TableIndex chooses between the code tables for th
syntax element FIRST_INDEX, which are specified in subclause 8.7.18:9.7.

—r

[¢)

DecIndLPLumO: This data structure instance accumulates statistics for the INDEX_A syntax element, durin
parsing df the syntax structure DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72), referrin
to luma ILP values, with the local variable iContext (local to the pseudocode table for DECODE_BLOCK( )) equal
0. The carresponding TableIlndex chooses between. the code tables for the syntax element INDEX_A, which ap
specified|in subclause 8.7.18.9.4.

@ O 09 09

DecIndLPLum1: This data structure instancé accumulates statistics for the INDEX_A syntax element, durin
parsing df the syntax structure DECODE ANDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72), referrin
to luma I{P values, with the local varijable'iContext (local to the pseudocode table for DECODE_BLOCK( )) equal 4
1. The cqrresponding TableIndex chooses between the code tables for the syntax element INDEX_A, which a
specified|in subclause 8.7.18.9.4¢

® O 09 09

DecFirstindLPChr: This data structure instance accumulates statistics for the FIRST_INDEX syntax elemenft,
during parsing of the.syntax structure DECODE_FIRST_INDEX() (Table 75) from within DECODE_BLOCK(
(Table 73), referring tochroma LP values. The corresponding TableIndex chooses between the code tables for th
syntax element FIRST'INDEX, which are specified in subclause 8.7.18.9.7.

—

[¢’)

DecIndLPCht0{ This data structure instance accumulates statistics for the INDEX A syntax element, during
parsing df the syntax structure DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72), referring
to chroma LP values, wWith the local variable iContext (focal to the pseudocode tapie for DECODE_BLOCK(JJ 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 TableIndex chooses between the code tables for the syntax element ABS LEVEL INDEX, which
all_"e specified in subclause 8.7.14.5.

5.5.5.4 High-pass adaptiveVLC data structure instances

DecFirstindHPLum: This data structure instance accumulates statistics for the FIRST MNDEX syntax|element,
during parsing of the syntax structure DECODE_FIRST_INDEX() (Table 75) from within DECODE_BLOCK()
(fable 72), referring to luma HP values. The TableIndex chooses between the code tables for the syntax element
HIRST_INDEX, which are specified in subclause 8.7.18.9.7.

DecIndHPLumO: This data structure instance accumulates statistics for the\INDEX A syntax elemert, during
parsing of the syntax structure DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK (Table 72), referring to
Ittma HP values, with the local variable iContext (local to the pseudocode table for DECODE_BLOCK( )) efual to 0.
The Tablelndex chooses between the code tables for the syntax element INDEX_A, which are spgcified in
subclause 8.7.18.9.4.

DecIndHPLum1: 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
tp luma HP values, with the local variable iContext (local4€o the pseudocode table for DECODE_BLOCK( )} equal to
1. The TableIndex chooses between the code tables\for the syntax element INDEX_A, which are specified in
shbclause 8.7.18.9.4.

ecFirstindHPChr: This data structure instance accumulates statistics for the FIRST_INDEX syntax|element,
uring parsing of the syntax structure (DECODE_FIRST_INDEX() (Table 75) from within DECODE_BLOCK()
[able 72), referring to chroma HP values/ The TableIndex chooses between the code tables for the syntax element
[RST_INDEX, which are specified in'subclause 8.7.18.9.7.

e QL

DecIndHPChrO: This data structure instance accumulates statistics for the INDEX A syntax element, during
parsing of the syntax structtire’DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72),|referring
tp chroma HP values, with, the local variable iContext (local to the pseudocode table for DECODE_BLOCK|( )) equal
tp 0. The TableIndex(chooses between the code tables for the syntax element INDEX A, which are spgcified in
siibclause 8.7.18.9.4.

DecIndHPChrX¥; This data structure instance accumulates statistics for the INDEX_A syntax element, during
parsing of thelsyntax structure DECODE_INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72),[referring
tp chroma-HP values, with the local variable iContext (local to the pseudocode table for DECODE_BLOCK] )) equal
tp 1,{The TableIndex chooses between the code tables for the syntax element INDEX_A, which are spcified in
spbelause 8.7.18.9.4.

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 are specified in subclause 8.7.14.5.

DecNumCBPHP: This data structure instance accumulates statistics for the NUM_CBPHP syntax element, during
parsing of the syntax structure MB_CBPHP() (subclause 8.7.17.2). The 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 parsing of the syntax structure MB_CBPHP( ) (subclause 8.7.17.2). The TableIndex chooses between the
code tables for NUM_BLKCBPHP, which are specified in subclause 8.7.17.4.2

NOTE he number of code tables for the NUM_BLKCBPHP syntax element is either 5 or 9, depending-on tH
INTERNAL_CLR_FMT of the image.

@

5.5.6 Adaptive coefficient normalization data structure instances

The parsing of syntax elements associated with transform coefficients involves maintaining state variables which
are used [for adaptive coefficient normalization. Each frequency band (DC, LP, HP) maintains its own collection
state varlables to track these statistics. To denote the association of these variables, a data Structure is used. Thle
data strufture template Model is defined as follows:

-

Model dgta structure template member variables:

— MState[i]: This variable maintains the associated state, where MState[Q] represents the information for thle
lump component, and MState[1] represents the information for the/chroma components.

— MBItsJi]: This variable represents the number of bits, wheré MBits[0] represents the information for the
lump component, and MBits[1] represents the informationfor the chroma components.

The following instances of the Model data structure are used for the DC, LP, and HP bands:
ModelD(: This data structure instance maintains the(tatistics for the DC band.

ModelLB: This data structure instance maintains-the statistics for the LP band.

ModelHE: This data structure instance maintains the statistics for the HP band.

5.5.7 Adaptive CBPHP prediction data structure instance

l=xi

The CBPHP prediction mechanism is adapted based on the statistics of CBPHP of previous macroblocks. Ead
colour cpmponent maintdins® its own collection of state variables to track these statistics. To denote th
associatipn of these variables, the data structure template CBPHPModel is defined as follows:

[¢)

CBPHPModel has{three member variables indexed by i, where i is equal to either 0 or 1. This data structuy
template|holds two independent sets of statistics: one for the luma component, corresponding to i = 0, and one fqg
the chroma e6niponents, corresponding to i = 1. The three member variables are as follows:

=~ O

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

— CountOnes[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
e ln:ﬂ toits maximum (cnhr‘lnncp 89 2)

(&1 ]

.6 Adaptive VLC deltaDisc tables

he following global variables maintain lists of the appropriate values of deltaDisc when a syntax element is
arsed using a VLC having a code table that can be adaptively selected:

= =

=

bslevellndexDelta[i][j]: This variable holds the value associated with the incremental discriminant [value for
he i-th syntax element and the j-th code table associated with syntax element-ABS_LEVEL_INDEX (gubclause
.7.14.5).

[oeMims

RirstindexDelta[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 FIRST_INDEX (subclause 8.7.18.p.7).

[l

hdex1Delta[i][j]: This variable holds the value associated with thé incremental discriminant value fo the i-th
yntax element and the j-th code table associated with syntax elemient INDEX_A (subclause 8.7.18.9.4).

(%]

b4

umCBPHPDelta[i][j]: This variable holds the value assoéiated with the incremental discriminant value|for the i-
h syntax element and the j-th code table associated with@yntax element NUM_CBPHP (subclause 8.7.17.4.1).

—

b4

umBIkCBPHPDelta[i][j]: This variable holds thevalue associated with the incremental discriminant [value for
he i-th syntax element and the j-th code table~associated with syntax element NUM_BLKCBPHP (gubclause
.7.17.4.2).

o0

(&1 ]

7 Adaptive inverse scanningtables

—

he following global variables maintain lists of the various coefficient scanning orders and related statistics:

p—

owpassScanOrder([i]: This wvariable holds the value associated with the location where the i-th| lowpass
fansform coefficient is put into a block in the raster scan order.

-t

el

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

(=3

et

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

(=i

anOrderO[i]: This variable holds the value associated with the first of two possible initialization valugs for the

13- 1 o
lUWpdbb dIIU IIISITPdSS CUOCHIUITIIU STATLS.

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 vertical scan order is updated.

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

6 General provisions, provisions specified in annexes, and image and codestream
structures

6.1 Genleral

The mair] body of this document specifies the syntax and semantics which shall be used for JPEG XR coded imagg
and specifies the associated decoding process that produces an output image from a coded image in a mgnner th3
shall be matched by the results produced by conforming decoders as specified. Annex A specifies attag-based fil
storage fprmat that may be used for storage and interchange of such coded images and to which‘eonformance

required [when this storage format is used. Annex B specifies profiles and levels, which determine conformang
requirenjents that shall be followed for classes of encoders and decoders. Aspects of colour imager
representations and colour management are discussed in Annex C. The typical expected’ encoding process

described in Annex D. Annex E contains a media type specification for images encoded\according to the tag-base
format siecified in Annex A which shall be followed when indicated as specified. Annex F specifies an alternativ
file storage format based on ISO/IEC 23008-12 which may be used for storage,and“interchange of coded image
and also [defines associated media type specifications for the storage and interchange of JPEG XR coded image
and imagge sequences, which shall be followed when indicated as specified.

O AL n < ®© n ® «+ W

UT

%)

The subclauses of Clause 6 specify the image and codestream structures‘for JPEG XR images. Italic font formattinig
is used td highlight occurrences of terms defined in Clause 3.

6.2 Image planes and component arrays

An imagée is composed of one or two image planes: a primary image plane, and, when present, an alpha imag
plane. Any image plane is an ordered set of components.”A component is an array of samples. The primary imag
plane may have multiple components; NumComponents (subclause 8.4.11) specifies the number of component
with 1 <¥ NumComponents <= 4111. For this. primary image plane, each component is an ExtendedHeight[i]
ExtendedWidth[i] array of samples, where (ExtendedWidth[i] and ExtendedHeight[i] specify (respectively) th|
width and height of the array for the i-th component, for the index i, 0 <= i < NumComponents.

R

@ X

[72)

For both|the primary image plane and_the alpha image plane, the component corresponding to the indexi =0
defined to be the luma component ef the respective image plane; in the case where NumComponents is greatg
than 1, tHe components of the primary image plane corresponding to non-zero indices are defined to be the chrom
components of this image plane:

SIS

The alph@ image planelis-dn image plane that contains exactly one component. The dimensions of this component
are the sgme as those\of the luma component of the primary image plane.

NOTE The purpose of an alpha image plane is to indicate a level of blend of the primary image plane with relation to tHe
background omwhich the image is being rendered. A common interpretation of the alpha image plane is as a multiplicativje
processing (hormalized to between 0 and 1) applied to the sample values of the primary image plane. The normalized value ¢f
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) {
ExtendedHeight[1] = ExtendedHeight[0]
ExtendedWidth[1] = ExtendedWidth[0] / 2

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

}
.3 Image windowing

@1

~

mage windowing is specified by four syntax elements: TOP_MARGIN, BOTTOM_MARGIN, RIGHT_MARGIN, and
EFT_MARGIN. These syntax elements determine the columns and rows of the extended image that are not
resent in the output image. With respect to a raster scan ordering/in‘the luma array of an image plane, the first
OP_MARGIN rows are not output, nor are the last BOTTOM_MARGIN rows; also, the first LEFT_MARGIN columns
e not output, nor are the last RIGHT_MARGIN columns of the<unia component. Similarly, the spatially do-located
ortions of the chroma components are not output, in a manner that retains the ratios between the siges of the
rays for the chroma components and that of the luma component, as specified in subclause 6.2.

—

— =

QO

o]

(@1}

.4 Image partitioning

he luma component is partitioned horizontally-and vertically into an integer number of 16x16 blocks off samples.
abel these blocks arrayLumaMB[j][k],«‘wWhere 0 <= j < (ExtendedWidth[0]/16) and 0 k= k <
ExtendedHeight[0] / 16) are the block indices defined by this partitioning. MBHeight is defined to be equal to
xtendedHeight[0] / 16, and MBWidth\is'defined to be equal to ExtendedWidth[0] / 16.

[esRamienlioe|

et

h a similar fashion, the chroma‘\components are partitioned into blocks arrayChromaMBJi][j][Kk] of siz¢ 8x8 for
:2:0 sampling, of size 16x8 for#:2:2 sampling, or of size 16x16 in the default case.

"y

Thhis partitioning of the ¢omponents into blocks is called a macroblock partition.

oy

or each specific_pair of indices (j, k), the macroblock arrayMB[j][k] is defined to be the collection [of blocks
t:rayComplonentMB[i] [[1[k], for 0 <= i < NumComponents. Across all components (all valugs of i),
rayComponent[i][j][k] and arrayChromaMBi][j][k] are spatially co-located.

S Y)

Let 0 = LeftMBIndexOfTile[0] < LeftMBIndexOfTile[1] < ... < LeftMBIndexOfTile[NumTileCols] = MBWidth, and 0 =
TlopMBIndexOfTile[0] < TopMBIndexOfTile[1] < ... < TopMBIndexOfTile[NumTileRows] = MBHeight be two
incréasing 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

© ISO/IEC 2019 - All rights reserved 27


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

ISO/IEC 29199-2:2020(E)

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.

T
|
Tiles | Internal image
T |
|
[
| 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
coefficientt, the low-pass coefficients, and the high-pass‘coefficients.

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

— If the|component is a luma component or a chroma component with no down sampling, the following is tru
The cpmponent contains 256 transform coefficients for each macroblock. These 256 transform coefficients ay
partitjoned into three subsets, One set is of size 1, and this coefficient constitutes the DC coefficient of th
compgnent. Another set is@f size 15; this set constitutes the low-pass coefficients. The third set is of size 24
and constitutes the high<pass coefficients.

wn @ 7

— If the| component.is{a chroma component with a sampling rate of % for both the horizontal and vertical
directiions, the following holds true. The component contains 64 transform coefficients for each macrobloc
Thesq 64 transform coefficients are partitioned into three subsets. One set is of size 1, and this coefficier]
constitutes ‘the DC coefficient of this component. Another set is of size 3; this set constitutes the low-paj
coeffigiénts. The third set is of size 60, and constitutes the high-pass coefficients.

[Z =

— 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

o~y

codestream is laid out in one of two orderings called the spatial mode and the frequency mode. In botlimjodes, the
bdestream is laid out as a header, followed by a sequence of tile packets.

Q

OTE  Figure 2 provides an informative overview of the codestream structure for the spatial mode and|the frequéncy mode.
he fact that tiles can be out of order, and the fact that there can be codestream segments of unspecified content bgtween the
les is not shown in Figure 2.

o

IMG_HDR | INDEXTBL TILE1 TILE2 oes o0 o0 o0 o0

Spatial mode

DC LOWPASS HIGHPASS FLEXBITS

Frequéncy mode

NOTE Image header is followed by a‘sequence of tiles which are in spatial or frequency mode.

Figure 2 — Informative overview of codestream structure

W the spatial modexa single tile packet carries the codestream of each tile in macroblock raster sdan order
scanning left to right) top to bottom). The bits associated with each macroblock are located together.

—

h the frequency.mode, the codestream of each tile is carried in multiple tile packets, where each tile packpt carries
ransform coefficients of one frequency band of that tile. The DC tile packet carries information of the D( value of
ach macroblock, in raster scan order. The LP tile packet carries information of the LP coefficients value of each
hacrobleck. The HP tile packet carries information of the VLC-coded part of the HP coefficients of each mdcroblock.
inally, the flexbits tile packet carries information regarding the low order bits of the HP coefficients.

sl n Mol

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 h
Image layer MB layer and coefficient Adaptation of
and Tile layer parsing and Inverse | T T >
Parsing Coefficient scanning selection and
Models
( Decoding Process )
Coefficient Coefficient D tizati
Remapping |}——  p Prediction ————p{ Dequantization
: Sample Reconstruction :
: nd Td X
.| 1| level Inverse l 1% level } 2" level | % |e|ve| - Output
P |Transform Overlap filtering Inverse Jveriap : Formatting
Transform filtering
\. Y

Figure 3 — Informative decoding process block diagram

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

2. macroblock layer codestream parsing which includes parsing the transform coefficients and inverge
scarning;

3. adaptation of VLC table selection and context models.
The decofing process consists'of the following stages:

4. coefficient remapping;

5. coefficient 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

21 Oxvrerviemnw—afimacelaver cad 4 QI i oy
Modtn XL UVOCI VIUYY Ul llllas\' la_y CI LUUCOUI LAl Pal Dllls
The image level codestream structure is specified in subclause 8.2. It consists of the image headef,the header of

-t

he primary image plane, and, when present, the header of the alpha image plane. The syntax of the image header
$ specified by subclause 8.3.

—

—3

he image plane header defines information that is unique to that plane, and its syntax,is specified by Jubclause
8.4.

—3

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

(%)

71.2.2 Overview of tile layer codestream parsing

—

he syntax of the tile layer is specified by subclause 8.7. A tile-packet consists of a tile-packet header, followed by
pmpressed data associated with macroblocks of the tile.

Q

—

n spatial mode, all the compressed data pertinent to a macroblock is located together in a single tile-packet and
he parsing of syntax elements for a spatial-mode tile is{Specified in subclause 8.7.2.

ot

[o—

h frequency mode, each tile packet contains the data associated with a particular transform band; in thif mode, a
le-packet is classified as a DC tile-packet, a LP tile-packet, a HP tile-packet, or a flexbits tile-packet.

ot

—

he syntax elements contained in the DC:tile-packet, LP tile-packet, HP tile-packet and flexbits tile-packet are
pecified in subclauses 8.7.3, 8.7.5, 8.7.%and 8.7.9, respectively.

2]

—

the quantization parameters.associated with each band are not specified at the image plane header;| they are
pecified at the tile level.

(%]

71.2.3 Overview of macroblock layer codestream parsing

Tlhe macroblock layer is parsed to generate the coefficients of the different frequency bands. These coeffi¢ients are
nverse transfetmed to reconstruct the macroblock.

—-

W

ubclause.87.11 defines the syntax structure MB_DC( ), which parses the syntax elements related tp the DC
pefficient, for each component.

(@]

1belause 8.7.16.1 defines the syntax structure MB_LP(]), which parses the syntax elements related tol 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 pred
7.3.3 (
The dequ
this proc
9.7.

734 (
Subclaus

The invel

— An in|
coeffi

specified in subclause 9.9.2.

— An ov]

y
For images with soft tiles, this filter is applied to all such®blocks. For images with hard tiles, this filter is applied

only
four 2
first-1
YUV4

chronmpa components. For these cases,(a,"prediction process is used for the corner samples, denote

'Overl

— The r
coeffi
comb

— AnlIC
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CLUIVUIT pl ULCSS 15 DPCLIIICU 11 SUuvtliausc 7.0.

Dverview of dequantization

[=9

antization process specifies how the transform coefficients are scaled by the quantizer parameter, an|
ess is specified in subclause 9.8. The derivation of the quantization parameter is specifiedin subclaus

[¢’)

Dverview of sample reconstruction
b 9.9 defines the sample reconstruction process.
se transform takes a two-level lapped transform. The steps are as follows:

verse core transform (ICT) is applied to each 4x4 block corresponding to reconstructed DC and LP
rients arranged in an array known as the DC-LP array. The-first-level inverse transform process

v

erlap filter operation, when indicated, is applied to 4x4.areas evenly straddling blocks in the DC-LP array.
o the interior of tiles. Further, an overlap filteris“applied to boundary 2x4 and 4x2 areas, as well as th
x2 corner areas. For images with hard tiles,these filters are additionally applied at tile boundaries. Th|
bvel overlap filtering process is specified in‘stubclause 9.9.3. For INTERNAL_CLR_FMT equal to YUV420 qr
P2, alternate filter operations are applied-to the 2x2 interior blocks and 2x1 and 1x2 edge blocks of the

d

S
c

apPostFilter1' in Figure 4 and detailed in Table 154 and Table 155.

bsulting array contains coefficients of the 4x4 blocks corresponding to the first-level transform. Thes
Cients are combined with-the reconstructed HP coefficients into a larger array. This coefficier
nation process is speeified in subclause 9.9.4.

— @

[is applied to each4x4 block. The second-level inverse transform process is specified in subclause 9.9.5

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

o © X~

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

71-3.5 Overview of output formatting

W

ubclause 9.10 defines the outputting process which accounts for the various transformations required fo handle
he different colour formats and bit depths.

ot

8§ Syntax, semantics; and parsing process

o]

.1 General

This clause specifies the codestream layout, and the processes related to parsing syntax elements [from the
cpdestream. e parsing of syntax elements requires information about the order of syntax elementf as they
occur in the codestream, along with the manner of correctly interpreting these syntax elements. At a giveh point in
the parsing of the codestream, the order and presence of syntax elements is conditional upon the stgte of the
decoder itself at that time (based on the previously parsed and interpreted syntax elements as specifigd by the
pseudocode of this subclause).

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

The codestream is comprised of the following layers: image, tile, macroblock and block. Furthermore, the
macroblock and block layers are laid out differently for the spatial and frequency modes of the codestream. The
parsing processes of this subclause are organized by this hierarchy. Below the macroblock level, the parsing
processes are further grouped by frequency band: separate syntax structures specify the decoding of the DC, LP
and HP frequency bands.
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8.2 CODED_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() 8.4
}
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

Subsequg¢ntBytes specifies the number of bytes of subsequent data that precede the CODED_TILES( ). The value
this varfable is determined by a VLW_ESE() syntax structure as specified in subclause 8.2.4. Whe
SubsequéntBytes is not equal to 0, it is a requirement of codestream conformance that SubsequentBytes shall ng

be less than 4.

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

syntax stfucture table of subclause 8.2.1.

The valug of valueAdditienalBytes shall be equal to 0 in codestreams encoded according to this edition of th
documenit. The use of @ther values of valueAdditionalBytes is reserved for future specification by ITU-T | ISO/IE
Decoderq shall allowthis variable to have any value and shall use this value to determine the quantity

RESERVHED_A_BYTE syntax elements that follow.

NOTE Thepurpose of the specification for decoders to allow this variable to have any value is to enable the future definitig
of a backward-compatible usage of different values of this variable.

.

—+

=

8.2.3 RESERVED_A BYTE

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

NOTE The purpose of the specification for decoders to ignore the value of RESERVED_A BYTE is to enable the future

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

34
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8.2.4 VLW_ESC()
8.2.4.1 Syntax structure
The VLW_ESC( ) syntax structure is specified by Table 19.

Table 19 — VLW_ESC( ) syntax structure

VLW _ESC() { Descriptor Reference
FIRST BYTE u(g) 8242
if (FIRST_BYTE < 0xFB) {
SECOND_BYTE u(8) 8.2.4.3

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

}
§.2.4.2 FIRST_BYTE

HIRST_BYTE is an 8-bit syntax element that affects the computation of iValue as specified in subclause 8.2

§.2.4.3 SECOND_BYTE

§.2.4.4 FOUR_BYTES

8.2.4.5 EIGHT_BYTES

HIGHT_BYTES is a 64-bit syntax element that affects the computation of iValue as specified in subclause 8
8.3 IMAGE_HEADER()

§.3.1 Syntax'structure

The IMAGENHEADER( ) syntax structure is specified by Table 20.

FOUR_BYTES is a 32-bit syntax elementthat affects the computation of iValue as specified in subclause 8.}.

4.1.

SECOND_BYTE is an 8-bit syntax element that affects'the computation of iValue as specified in subclause §.2.4.1.

2.4.1.
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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) 8.3v17
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_MINUS1; n++)
if (SHORT_HEADER_FLAG)
TILE_WIDTH_IN_MBI[n] u(8) 8.3.25
else
TILE_WIDTH_IN"MB|[n] u(16) 8.3.25
for (n = 0; n < NUM_HOR_TILES_MINUS1; n++)
if (SHORT_HEADER_FLAG)
TILE_HEIGHT_IN_MB|n] u(8) 8.3.26
else
TILE_HEIGHT_IN_MB[n] u(16) 8.3.26
if (WINDOWING_FLAG) {
TOP_MARGIN u(6) 8.3.27
LEFT_MARGIN u(6) 8.3.28
BOTTOM_MARGIN u(6) 8.3.29
RIGHT_MARGIN u(6) 8.3.30
i
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

1 to FALSE),

ARD N A =bi a

performed across tile boundaries (hard t
i$ performed across tile boundaries (soft tiles).

8.3.5 RESERVED_C

=

ESERVED_C is a 3-bit syntax element that shall be equal to 1 in all codestreams conforming to this editipn of this
ocument. All other values are reserved. Decoders conforming to this edition of this| document shall ignore the
alue of RESERVED_C.

< Q)

OTE  The purpose of the specification for decoders to ignore the value of RESERVED, C is to enable the future definition of a
ackward-compatible usage of different values of this syntax element.

o Z

8.3.6 TILING_FLAG

—

ILING_FLAG is a 1-bit syntax element. If TILING_FLAG <is "equal to TRUE, both the syntax [elements
UM_VER_TILES_MINUS1 and NUM_HOR_TILES_MINUS1 arepresent in the codestream. Otherwise, thefe syntax
elements are not present, and the number of tiles is equal to.I.

o

§.3.7 FREQUENCY_MODE_CODESTREAM_FLAG

HREQUENCY_MODE_CODESTREAM_FLAG is a 1=-bit syntax element.

et

FREQUENCY_MODE_CODESTREAM_FLAG:-is equal to FALSE, the codestream is laid out in the spatiall mode. If
REQUENCY_MODE_CODESTREAM_ELAGis equal to TRUE, the codestream is laid out in the frequency m¢de.

ol

§.3.8 SPATIAL_XFRM_SUBORDINATE

W

PATIAL_XFRM_SUBORDINATE is a 3-bit syntax element that, in the absence of any over-riding indication as
etermined by the application or by a file format usage context, indicates a preferred spatial transformgtion that
hould be applied to thie/decoded image, as specified by Table 21 as follows.

v Q.

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

— TheFlipH" 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 edg
of the image.

¢

— "L[[" indicates that row 0 represents the left edge of the image and the column 0 represents the topledge ¢f
the image.

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

ot

NOTE  The TIFF 6.0 specification includes an "Orientation" tag with a similar purpose. The TIFF Orientation tag values th
correspon(d 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
P R R RO O] O ©
Ll Ll = Bl B B el B )
R Ol R O RS | ©

P9b dao..aoro

8.3.9 INDEX TABLE_PRESENT_FLAG

INDEX_TABLE_PRESENT_FLAG is a 1-bitisyntax element that specifies whether the index table is present in thie
codestream. If FREQUENCY_MODE_COBDESTREAM_FLAG is equal to TRUE, or NUM_VER_TILES_MINUS1 is greatqr
than 0, or NUM_HOR_TILES_MINUS1-is greater than 0, it is a requirement of codestream conformance thgt
INDEX_TABLE_PRESENT_FLAG shall be equal to TRUE. If INDEX_TABLE_PRESENT_FLAG is equal to TRUE, the
index tabple is present in thé-godestream. Otherwise, the index table is not present in the codestream. See
subclause 8.5.

8.3.10 OVERLAP_MODE

OVERLAF_MODE s a 2-bit syntax element that specifies the overlap processing mode.

When OVERDAP_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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TILE_HEIGHT_IN_MB[n], when present, are 8-bit syntax elements. Otherwise, WIDTH_MINUS1 and
HEIGHT_MINUS1 are 32-bit syntax elements, and TILE_WIDTH_IN_MB[n], when present, and
TILE_HEIGHT_IN_MB[n], when present, are 16-bit syntax elements.

8.3.12 LONG_WORD_FLAG
LONG_WORD_FLAG is a 1-bit syntax element that specifies the range of values of variables associated with the

decoding process (Clause 9). The constraints imposed by LONG_WORD_FLAG equal to FALSE have the following
scope:

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

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

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

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

NOTE 1 Values of the global array variable ImagePlane[][][] in the (oUtput formatting process specified in
subclause 9.10 are not included in the scope of the constraints imposed by LONG-WORD_FLAG equal to FALSE.

— All values of local variables used in the sample reconstruction proeess specified in subclause 9.9 ekcept the
index variables used to address the elements of arrays.

NOTE 2 Local variables used in the output formatting process specified in subclause 9.10 are not inclufled in the
scope of the constraints imposed by LONG_WORD_FLAG equalte FALSE.

The variables associated with the decoding process spegified in Clause 9 shall be constrained as follows:

— If LONG_WORD_FLAG is equal to TRUE, it is a\requirement for codestream conformance to this document that
the range of values of all variables associated with the decoding process (Clause 9) shall not exceed the signed
32-bit range from -23! range to 231-1, inclusive, although the range of values of these variables may ekceed the
signed 16-bit range from -215 rangé to 2!5-1, inclusive. Thus all variables of the decoding proce§s can be
stored by decoders as 32 bit twols complement integers while producing output conforming to this document
(regardless of the value of LONG_WORD_FLAG).

— Otherwise (LONG_WORD_ELAG is equal to FALSE), it is a requirement for codestream conformange to this
document that the range”of values of the specific affected variables listed above shall not exceed the signed
16-bit range from =215 range to 215-1, inclusive, and that the range of values of all intermediate expressions
and other variablesassociated with the decoding process for the codestream shall not exceed the signled 32-bit
range from -23%trange to 231-1, inclusive. In this case, it is sufficient for decoders to store the affected [variables
of the decoding process as 16 bit two's complement integers in order to produce output images conf¢rming to
this doguntent.

NOTE.3\’Decoder implementations need not use two's complement arithmetic using fixed-word-length st¢rage and
proecessing. 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.

cechallionoratha ualiia afthic cuntay alamant
ecoder
SHerrHEReFethe-Varte-o+tHS-Syhtax-eremeht

NOTE he purpose of the specification for decoders to ignore the value of RESERVED_D is to enable the future definition‘of|a
backwardtcompatible usage of different values of this syntax element.

8.3.16 RED_BLUE_NOT_SWAPPED_FLAG
RED_BLUE_NOT_SWAPPED_FLAG is a 1-bit syntax element. Its interpretation is specified as follows:

— If OUTPUT_CLR_FMT is equal to RGB and OUTPUT_BITDEPTH is equal to BD5, BD565, or BD10, the value ¢f
RED_BLUE_NOT_SWAPPED_FLAG affects the operation of the output formatting process.

— Otherwise, the value of RED_BLUE_NOT_SWAPPED_FLAG shall be equal to 0<in‘all codestreams conforming t
this eflition of this document. The value 1 is reserved. Decoders confopming to this edition of this documer
shall ignore the value of RED_BLUE_NOT_SWAPPED_FLAG in this case:

-+ O

NOTE he specification of semantics for RED_BLUE_NOT_SWAPPED_FLAG. was not included in the original edition of th
document] The specification of RED_BLUE_NOT_SWAPPED_FLAG was added later to address a problem with respect to th
observed | behaviour of existing implementations. In principle,.‘@When OUTPUT_CLR FMT is equal to RGB an
OUTPUT_BITDEPTH is equal to BD5, BD565, or BD10, the value I.for RED_BLUE_NOT_SWAPPED_FLAG should ordinari
provide better compression capability than the value 0. However, early product implementations of this document hay
operated in a manner corresponding to the value 0.

D< Q0D wn

8.3.17 PREMULTIPLIED_ALPHA_FLAG
PREMULTIPLIED_ALPHA_FLAG is a 1-bit syntax element that can be used, when an alpha image plane is presenf
to indicafe that the coded image channels other than the alpha channel are considered to be in pre-multiplie
form in relation to the alpha channel.

[N

NOTE 1 The designation of an alpha‘ehannel as pre-multiplied indicates that the decoded sample values do not requir
multiplication by the alpha channel values when performing compositing (as any necessary such multiplication process w4
performed as a pre-processing stépprior to encoding).

wn @

When PREMULTIPLIEDDALPHA_FLAG is equal to TRUE in the IMAGE_HEADER( ) of the coded image that contain
the alphg image plang;-the channels other than the alpha channel are indicated to be in pre-multiplied form in
relation tpo the alpha channel.

[72)

When nol|alpha image 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.

NOTE3—Whemn the fite formatspecified tTm Anmex A 15 used, the PIXEE_FORMAT vatue tdicates whether the chamnels other
than the alpha channel (when present) are considered to be in pre-multiplied form in relation to the alpha channg¢l, and the
hlue of PREMULTIPLIED_ALPHA_FLAG is required to be consistent with the PIXEL_FORMAT value. When tlie, eodpstream is
bnveyed by some means other than the file format specified in Annex A, some indicator may be available fo|indicate whether
the channels other than the alpha channel (when present) are considered to be in pre-multiplied form in relation tq the alpha
channel, and the value of PREMULTIPLIED_ALPHA_FLAG should be set to be consistent with any such-indicator.

Q<

§.3.18 ALPHA_IMAGE_PLANE_FLAG

oy

LPHA_IMAGE_PLANE_FLAG is a 1-bit syntax element that specifies whether afialpha image plane is gresent in
he codestream. If ALPHA_IMAGE_PLANE_FLAG is equal to TRUE, angalpha image plane is present. If
LPHA_IMAGE_PLANE_FLAG is equal to FALSE, no alpha image plane is préesent in the codestream.

NS

=z

OTE If ALPHA_IMAGE_PLANE_FLAG is equal to FALSE, an alpha image plane can be carried as a separate image within a
ystem or file.

%]

8.3.19 OUTPUT_CLR_FMT

Q

UTPUT_CLR_FMT is a 4-bit syntax element that specifies the colour format of the output image as spgcified in
able 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

It

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

Fo¥-the cases where OUTPUT_CLR_FMT is equal to YUV420, YUV422, or YUV444, there are three outpjut 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 9.10.7 provides more details on the representation of these formats.

Table 23 — OUTPUT_BITDEPTH

OUTPUT_BITDEPTH Mnemonic
0 BD1WHITE1
1 BD8
2 BD16
3 BD16S
4 BD16F
5 RESERVED
6 BD32S
7 BD32F
8 BD5S
9 BD10
10 BD565

11-14 RESERVED
15 BD1BLACK1

8.3.21 WIDTH_MINUS1

WIDTH_MINUS1 plus 1 is the output image width. If SHORT_HEADER_FLAG is equal to TRUE, WIDTH_MINUS1 is
16-bit syhtax element. Otherwise, WIDTH_MINUS1 is‘a 32-bit syntax element. When OUTPUT_CLR_FMT is equal 4
YUV420 [or YUV422, it is a requirement of.cddestream conformance to this document that the value
WIDTH_MINUS1 + 1 shall be an integer multiple of 2.

St

F

It is a requirement of codestream genformance 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 equal
YUV420 pr YUV422 and OVERLAP.MODE is equal to 2, it is a requirement of codestream conformance to th
documentt that the value of WIDTH_MINUS1 + 1 + LEFT_MARGIN + RIGHT_MARGIN shall be greater than or equal
to 32.

wn O

NOTE Images with INTERNAL_CLR_FMT equal to YUV420 or YUV422 and OVERLAP_MODE equal to 2 must have a width ¢f
at least 2 macroblocks-due to the adjacent coefficient residual process described in subclause 9.9.3.1.

8.3.22 HEIGHT_MINUS1

HEIGHT AINIICH IfECIIART IIDANRNLER I TRIIE IIRICIIT MNMINIIGCY
VITINUO I Plub .L lb LllC UuLpuL uuasc llClsllL ll OJITUNT _TTLADULIN_ 1 LlﬂU lb cqucu LU I'INUL, TTLIUITT _IVITINUO I S

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
pecifies the number of tiles in a column minus 1. When NUM_HOR_TILES_MINUS1 is not present;its’value shall
be inferred to be equal to 0.

[%2)

NOTE  "Horizontal" indicates that the partitioning of the image corresponding to these tiles runs in-the horizontal dlirection.

o]

.3.25 TILE_WIDTH_IN_MB|[n]

ILE_WIDTH_IN_MB|[n] is a syntax element that specifies the width (in macrobleck units) of the n-th til¢ column,
here the 0-th tile column is the left-most tile column in the image, and subsequent tile columns are numbered
pnsecutively, left to right. If SHORT_HEADER_FLAG is equal to TRUE, TILE, WIDTH_IN_MB|[n] is an 8-hit syntax
lement. Otherwise, it is a 16-bit syntax element.

o Q0 <

—3

he width of the right-most tile in macroblock units is derived bysubtracting the cumulative width of the|previous
les from the width of the coded area in macroblock units ExtendedWidth[0] divided by 16.

ot

—3

he 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 tiles

DetermineLeftBoundaryofTile( ) { Reference
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_CLRAFMT is equal to YUV420 or YUV422, OVERLAP_MODE is equal to| 2, and
HARD_TILING_FLAG jSeequal 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

-

han or equal to 2.

8.3.26(TILE_HEIGHT_IN_MB|n]

[LE_HEIGHT_IN_MBJn] 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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The num

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

}

ber_of macroblocks in a tile, NumMBInTile[ ], is calculated by calling DetermineNumMBInTile() a

specified

8.3.27 1

TOP_MA}
the verti
TOP_MA}
YUV420,
an intege

8.3.28 }

LEFT_MA
the horiz
LEFT_MA
YUV420
LEFT_MA

8.3.29 1
BOTTOM
specifies

When BO

— IfHI

in the pseudocode in Table 26.

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

DetermineNumMBInTile( ) { Reference
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++

[OP_MARGIN

RGIN is a 6-bit syntax element that is present when WINDOWING_FLAG is equal to TRUE, and specifie
al offset of the top boundary of the output image relative to the top edge of the extended image. Whe|
RGIN is not present, its value shall be inferred to be‘equal to 0. When OUTPUT_CLR_FMT is equal t
it is a requirement of codestream conformance to-this document that the value of TOP_MARGIN shall b
r multiple of 2.

LEFT_MARGIN

RGIN is a 6-bit syntax element that.is present when WINDOWING_FLAG is equal to TRUE, and specifig
pntal offset of the left boundarytef the output image relative to the left edge of the extended image. Whe,
RGIN is not present, its value shall be inferred to be equal to 0. When OUTPUT_CLR_FMT is equal
or YUV422, it is a requirement of codestream conformance to this document that the value
RGIN shall be an integermultiple of 2.

BOTTOM_MARGIN
| MARGIN is-ah6-bit syntax element that is present when WINDOWING_FLAG is equal to TRUE, an

the vertical)offset of the bottom of the output image relative to the bottom edge of the extended imag
TTOM_MARGIN is not present, its value shall be inferred as follows:

v

© O 5 wn

- O = n

2

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

44
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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()

IEE 2PN

“4-1—Syntaxstrueture
The IMAGE_PLANE_HEADER( ) syntax structure is specified by Table 27.
Table 27 — IMAGE_PLANE_HEADER( ) syntax structure
IMAGE_PLANE_HEADER() { Descriptor | Reference
INTERNAL_CLR_FMT u(3) 8.4.2)
SCALED_FLAG u(1) 8.4.3
BANDS_PRESENT u(4) 8.4.4
if INTERNAL_CLR_FMT ==YUV444 | | INTERNAL_CLR_FMT ==YUV420 | |
INTERNAL_CLR_FMT = =YUV422){
if INTERNAL_CLR_FMT ==YUV420 | | INTERNAL_CLR _FMT = =YUV422)Y{
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) 8.4.9
CHROMA_CENTERING_Y u(3) 8.4.9
} else
RESERVED_H u(4) 8.4.1)0
) else if (INTERNAL_CLR_FMT = = NCOMPONENT) {
NUM_COMPONENTS_MINUS1 u(4) 8.4.1]1
if (NUM_COMPONENTS_MINUS1 = =.0xF)
NUM_COMPONENTS_EXTENDED_MINUS16 u(12) 8.4.12
else
RESERVED_H u(4) 8.4.1)0
}
if (OUTPUT_BITDEPTH % =BD16 | | OUTPUT_BITDEPTH = =BD16S | |
OUTPUT_BITDEPTH,= = BD32S)
SHIFT_BITS u(8) 8.4.13
if (OUTPUT_BITEPTH = = 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
if (D€ IMAGE_PLANE_UNIFORM_FLAG)
DC_QP() 8.4.22
if (RANDS_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_J_BIT u(1) 8.4.19
HP_IMAGE_PLANE_UNIFORM_FLAG u(1) 8.4.20
if (HP_IMAGE_PLANE_UNIFORM_FLAG) {
NumHPQPs = 1
© ISO/IEC 2019 - All rights reserved 45


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

ISO/IEC 29199-2:2020(E)

HP_QP() 8.4.24

}

}

}

while (!IS_BYTE_ALIGNED())

BYTE_ALIGNMENT_BIT u(1) 8.4.21

1

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
shall be
subclaus

When Is(

For the ¢
compone
compone
compone

84.3
SCALED |

If SCALE
performe

844 1

BANDS_F
codestre:

in Table 28. For OUTPUT_BITDEPTH of BD16F and BD32F and OUTPUT_CLR_FMT of RGBE, only YUV/44
used. The values of INTERNAL_CLR_FMT and OUTPUT_CLR_FMT shall be constrained as specified-i
2 9.10.

Table 28 — INTERNAL_CLR_FMT

INTERNAL_CLR_FMT Mnemonic
0 YONLY
YUV420
YUV422
YUV444
YUVK
RESERVED
NCOMPONENT
RESERVED

N[O || H|WIN |-

urrPlaneAlphaFlag is equal to TRUE, the value of INTERNALJCLR_FMT shall be equal to 0.

hses where INTERNAL_CLR_FMT is equal to YUV420,YUV422, or YUV444, there are three internal coloy
nts: the component corresponding to index 0 is the'Y component, and the U and V correspond to coloy
nts 1 and 2, respectively. For YUVK, components 0, 1, 2, and 3 correspond to the Y, U, V, and
nts, respectively.

CALED_FLAG

FLAG is a 1-bit syntax element that specifies whether scaling is performed in the output formatting stag
D_FLAG is equal to FALSE,-s¢aling is not performed. If SCALED_FLAG is equal to TRUE, scaling
d as specified in subclause9,10.6.

BANDS_PRESENT

RESENT is a 4-bit)syntax element that indicates whether the various frequency bands are present in th
m, as specified in Table 29.

Table 29 — BANDS_PRESENT

N =

[72)

[¢)

BANDS_PRESENT Mnemonic Interpretation
0 ALE At subbanmdsare 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

= =

L Z

=< O

o] D QT = 0 O

Q @

o

N
4

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
}

4.5 RESERVED_E_BIT

NTERNAL_CLR_FMT is equal to YUV420.
Vhen RESERVED_E_BIT is present, its value shall be equal to 0. The value 1 fo"\RESERVED_E_BIT is reser
he value of RESERVED_E_BIT shall be ignored by decoders.

OTE The purpose of the specification for decoders to ignore the“value of RESERVED_E_BIT is to enable
efinition of a backward-compatible usage of different values of this synitaX element.

4.6 CHROMA_CENTERING_X

HROMA_CENTERING_X is a 3-bit syntax element. It,isspresent when INTERNAL_CLR_FMT is equal to Y
UV420. When CHROMA_CENTERING_X is not present, its value should be inferred to be equal to 0.

HROMA_CENTERING_X indicates the positioning alignment of the chroma sampling grid with respect to
hmpling grid. When present and in the(range of 0 to 4, inclusive, CHROMA_CENTERING_X indicates
ft-most sample of each row of each chrema array of the image is considered to be horizontally positior

uarter luma sample positionsy, When present and equal to 7, CHROMA_CENTERING_X indicates
ositioning alignment is unknowit or unspecified.

or example, when CHROMA_CENTERING_X is equal to 0 and INTERNAL_CLR_FMT is equal to YUV422 oy
ach chroma sample iS-considered to be horizontally located at the same position as the left-most samplg
f luma samples.

he value of CHROMA_CENTERING_X shall be equal to 0, 1, 2, 3, 4, or 7. The values 5 and 6 are reserved.
pnforming to'this edition of this document should treat the values 5 and 6 as equivalent to the value 7.

OTE¢. \VCHROMA_CENTERING_ X is useful to aid in performing appropriate upsampling conversion from 4:2:0 d
t4:4. However, the use of CHROMA_CENTERING_X is not required for decoder conformance to this document, as t}

ESERVED_E_BIT is a 1-bit syntax element and is present when INTERNAL_CLR_FMT is equal to YV422 or

ed.

the future

JV422 or

the luma
that the
ed at the

osition CHROMA_CENTERING_X with/respect to the left-most sample of each row of the luma array, if units of

that the

YUV420,
of a pair

Decoders

r 4:2:2 to
le manner

o

L 3 1 ] 3 toida th £ibic d i
errormig-Stutnahupsamprih FOE€CSSTISOUTSIGE e SEO PO TS GO CHIeHtT
5

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

b

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

© ISO/IEC 2019 - All rights reserved
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8.4.8 RESERVED_G_BIT

RESERVED_G_BIT is a 1-bit syntax element that is present when INTERNAL_CLR_FMT is equal to YUV420.
When RESERVED_G_BIT is present, its value shall be equal to 0. The value 1 for RESERVED_G_BIT is reserved.
Decoders shall ignore the value of RESERVED_G_BIT.

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

8.4.9 (CHROMA_CENTERING_Y

CHROMA CENTERING_Y is a 3-bit syntax element. It is present when INTERNAL_CLR_FMT is equal to-YUV42(.
When CHROMA_CENTERING_Y is not present, its value should be inferred to be equal to 0.

CHROMA CENTERING_Y indicates the positioning alignment of the chroma sampling grid withyrespect to the lum
sampling grid. When present and in the range of 0 to 4, inclusive, CHROMA_CENTERING,Y indicates that th
top-most]sample of each column of each chroma array of the image is considered to be ¥eftically positioned at th
position CHROMA_CENTERING_Y with respect to the top-most sample of each columnef the luma array, in units
quarter luma sample positions. When present and equal to 7, CHROMA_CENTERING_Y indicates that th
positionihg alignment is unknown or unspecified.

o o ® o D

For example, when CHROMA_CENTERING_Y is equal to 0 and INTERNALLCLR_FMT is equal to YUV420, ead
chroma dample is considered to be vertically located at the same position‘as the upper sample of a pair of lum|
samples.

[C=y

The valu¢ of CHROMA_CENTERING_Y shall be equal to 0, 1, 2, 3,-45or 7. The values 5 and 6 are reserved. Decodeis
conforming to this edition of this document should treat the values 5 and 6 as equivalent to the value 7.

—

NOTE HROMA_CENTERING_Y is useful to aid in performing appropriate upsampling conversion from 4:2:0 to 4:2:2
4:4:4. However, the use of CHROMA_CENTERING_Y is not required for decoder conformance to this document, as the manng
of perfornjing such an upsampling process is outside the scope of this document.

—

8.4.10 RESERVED_H

RESERVHED_H is a 4-bit syntax element:that is present when INTERNAL_CLR_FMT is equal to one of YUV444,
YUV422,jor NCOMPONENT.

When RESERVED_H is present;its-value shall be equal to 0. Decoders shall ignore the value of this syntax element

NOTE The specification{for”decoders to ignore the value of RESERVED_H is to enable the future definition of |a
backwardfcompatible usage-of different values of this syntax element.

8.4.11 NUM_COMPONENTS_MINUS1

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

o

The number of components, NumComponents, is specified in pseudocode in Table 31.
8.4.12 NUM_COMPONENTS_EXTENDED_MINUS16

NUM_COMPONENTS_EXTENDED_MINUS16 is a 12-bit syntax element that 1is present when
NUM_COMPONENTS_MINUS1 is equal to OxF.

The number of 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 | |
INTERNAL_CLR_FMT ==YUV422 | |
INTERNAL_CLR_FMT = = YUV444)
NumComponents = 3

else if (INTERNAL_CLR_FMT = = YUVK)
NumComponents = 4

}
§.4.13 SHIFT_BITS

W

HIFT_BITS is an 8-bit syntax element that is present when OUTPUT_BFI'PEPTH is equal to BD16, H
D32S. SHIFT_BITS is used to left-shift the sample values in the ©utput formatting stage as spg
ibclause 9.10.7.

[%2Elvs]

§.4.14 LEN_MANTISSA

—

EN_MANTISSA is an 8-bit syntax element that is present when OUTPUT_BITDEPTH is equal to BD32F. It
he number of mantissa bits that are specified by the intéger representation of floating point data as sp|
ibclause 9.10.7 prior to output conversion processing.

[ =3

8.4.15 EXP_BIAS

HXP_BIAS is an 8-bit syntax element thatis present when OUTPUT_BITDEPTH is equal to BD32F. This
pecifies the bias of the exponent in thétepresentation of floating point data as specified in subclause 9.1

[%2)

§.4.16 DC_IMAGE_PLANE_UNIFORM_FLAG

o]

C_IMAGE_PLANE_UNIFORM,FLAG is a 1-bit syntax element that specifies whether a single QP set is us¢
C band for all the macroblocks in the corresponding image plane. If DC_IMAGE_PLANE_UNIFORM_FLA
b TRUE, a single QP setiis used for the DC band of all tiles in the image (and hence for all macroblocks of
and this QP set is present in the image plane header. In this case, the DC QP set used for all tiles shall be
b the value specified in the image plane header. If DC_IMAGE_PLANE_UNIFORM_FLAG is equal to FALS
and of each tilé may use a different QP set, and these QP sets are specified in the tile headers.

o

o

8.4.17 RESERVED_I_BIT

D16S, or
cified in

specifies
ecified in

element
D.7.

ed for the
i is equal
all tiles),
set equal
E, the DC

RESERVED_L BIT is a 1-bit syntax element. It is a requirement of codestream conformance to this document that

discard) the value of RESERVED_I_BIT.

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

© ISO/IEC 2019 - All rights reserved
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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

RESERVHED_]J_BIT is a 1-bit syntax element. It is a requirement of codestream conformance to this document!thg
the valug of RESERVED_]J_BIT shall be equal to FALSE. Decoders shall ignore (remove from the codestream an
discard)

NOTE

8.4.20 HP_IMAGE_PLANE_UNIFORM_FLAG

HP_IMAGQE_PLANE_UNIFORM_FLAG is a 1-bit syntax element that specifies whethér-asingle QP set is used for the
HP band/|If HP_IMAGE_PLANE_UNIFORM_FLAG is equal to TRUE, a single QP sét shall be used for the HP band ¢f
all tiles iph the image (and hence for all macroblocks of all tiles), and this QP'set is specified in the image plane
header. f
HP_IMAGE_PLANE_UNIFORM_FLAG is equal to FALSE, multiple QP sets may be used for the HP bands of each
colour component in each tile, and these QP sets are specified in the tile headers.

8.4.21 BYTE_ALIGNMENT_BIT

BYTE_ALIGNMENT_BIT is a 1-bit syntax element. When itis present, its value shall be equal to 0. The value 1 {s
reserved

8.4.22 DC_QP()
8.4.22.1 Syntax structure

The DC_QP( ) syntax structure is specified by Table 32.

NOTE

The purpose of the specification for decoders to ignore the value of RESERVED_]_BIT is to enable-the future definitio
of a backward-compatible usage of different values of this syntax element.

ESERVED ! BIT

(o=

he value of RESERVED_]_BIT.

=

h this case, the HP QP set for all tiles shall be set equal to the values,specified in the image plane header.

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 if (COMPONENT_MODE = = SEPARATE) {
DC_QUANT_LUMA u(8) 8.4.22.4
DC_QUANT_CHROMA u(d) 0.4.22.5
} else if (COMPONENT_MODE = =
INDEPENDENT)
for (i = 0; i < NumComponents; i++)
DC_QUANT_CHi] u(8) 8.4.22.6
}

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

020(E)

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 to JNIFORM. In this|

alue of the DC QP for all the colour components shall be set to DC_QUANT.

<

84.22.4 DC_QUANT_LUMA

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

§4.22.5 DC_QUANT_CHROMA

DC_QUANT_CHROMA is an 8-bit syntax element that is present if COMPONENT_MODE is equal to SEPA
his case, the value of the DC QP for the chroma componepnts shall be set to DC_QUANT_CHROMA.

ot

4.4.22.6 DC_QUANT_CHi]

il e}

his case, the value of the DC QP for the i-th celour component shall be set to DC_QUANT_CHJi].
8.4.23 LP_QP()

8.4.23.1 Syntax structure

Tlhe LP_QP( ) syntax strueture is specified by Table 34.

Table 34 - LP_QP( ) syntax structure

case, the

E. In this

RATE. In

C_QUANT_CHIi] is an 8-bit syntax element that is present if COMPONENT_MODE is equal to INDEPENDENT. In

LP_QP()§ Descriptor Reference

far/(q = 0; g < NumLPQPs; g++) {

if (NumComponents != 1)

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

1P_QUANT{q] 1(8) 84232
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 _CH[i][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.
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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_CHROMA[q] is an 8-bit syntax element that is present if COMPONENT_MODE is equal to SERARATE. In
this case,|the value of the g-th LP QP for the chroma components shall be set to LP_QUANT_CHROMA[q]-

8.4.23.5 LP_QUANT_CH[i][q]

LP_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 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( ) syntax structure is specified by Table 35.

Table 35 — HP_QP( ) syntax structure

HP_QP() { Descriptor Reference
for (q = 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_CHROMAJq] u(8) 8.4.24.4

} else if (COMPONENT _MODE = = INDEPENDENT)
for (i = 0; i < Num€omponents; i++)
HP_QUANT CH[i][q] u(8) 8.4.24.5

[¢]

NOTE  This function;,"HP_QP(), is called from two locations: IMAGE_PLANE_HEADER or TILE_HEADER_HIGHPASS. Cat
should be [taken 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].

52 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 29199-2:2020(E)

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 Referenice
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_MINUSI#1) *
(NUM_VER_TILES_MINUS1 + 1) * NumBandsOfPrimdry

INDEX_TABLE_STARTCODE u(16) 8.5.2
for (n = 0; n < valueNumIndexTableEntries; n++)
IndexOffsetTile[n] = VLW_ESC() 8.5.3

}
8.5.2 INDEX_TABLE_STARTCODE

et

NDEX_TABLE_STARTCODE is a 16-bit syntax’ element which indicates the start of the INDEX TABLE|TILES().
This element shall have the value 0x0001:\0ther values of INDEX_TABLE_STARTCODE are reserved.

8.5.3 IndexOffsetTile[n]

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

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

Hor spatial mode codestreams, only one IndexOffsetTile is sent per tile. For images with missing sub-bands (such
as when BANDS_PRESENT is not equal to ALL), Index Offset elements are sent only for the sub-bandq that are
present. An example of this syntax element for an image with four spatial tiles and two frequency bandg (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 PROFILE_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

nnmRyfpc =0

for (iLast = 0; iLast = = 0; iLast = LAST_FLAG) {

PROFILE_IDC u(8) 8.6.2
LEVEL_IDC u(8) 8.6.3
RESERVED_L u(15) 8.6.4
LAST_FLAG u(1) 8.6.5

numBytes += 4

}

return numBytes

}
8.6.2 PROFILE_IDC

PROFILE| IDC (when present) is an 8-bit syntax element. When present, the values 6f PROFILE_IDC and LEVEL_IDC
indicate 3 set of profile and level constraints as specified in Annex B.

8.6.3 L1EVEL_IDC

LEVEL_IIDC (when present) is an 8-bit syntax element. When present, the values of PROFILE_IDC and LEVEL_IDC
indicate 3 set of profile and level constraints as specified in AnnexB.

8.6.4 RESERVED_L

RESERVHED_L is a 15-bit syntax element. When present, the value of RESERVED_L shall be equal to 0. Other valugs
are reseryed. Decoders shall ignore the value of this-syntax element.

NOTE  The purpose of the specification for decodeérs to ignore the value of RESERVED_L is to enable the future definition of}a
backwardfcompatible usage of different values.of this syntax element.

No parti¢ular combination of PROFILE_IDC, LEVEL_IDC, and RESERVED_L shall appear more than once in the
PROFILE| LEVEL_INFO( ) syntax(Structure.

8.6.5 LAST_FLAG

LAST_FLAG (when present) is a 1-bit syntax element. It indicates whether the preceding PROFILE_IDC,
LEVEL_IDC, and RESERVED_L syntax elements are the last such syntax elements in the PROFILE_LEVEL_INFO(

syntax stfucture.

—
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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) *
(NUM_VER_TILES_MINUS1 + 1); n++) {

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()

8.7.3

}

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 = NumMBInTile[n]

POS_SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 2])

TILE_HIGHPASS( )

8.7.7

}

if (NumBandsOfPrimary > 3)

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

NumMBInCurrentTile = NumMBInTile[n]

POS_SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 3])

TILE_FLEXBITS()

8.7.9
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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 ('T‘DH\/I_F‘I F‘YRITQ_E‘I A(‘)

TRIM_FLEXBITS u(4) 8.7.10.3
IsCurrPlaneAlphaFlag = FALSE
TILE_HEADER DC() 8.7.4
if (BANDS_PRESENT != DCONLY) { /* BANDS_PRESENT of Primary Plane */

TILE_HEADER_LOWPASS() 8.76

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 = =-EALSE)
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 != DEONLY) {
MB_LP() 8.7.16.1
if (BANDS_PRESENT != NOHIGHPASS) {
MB_CBPHP() 8.7.17.2
MB_HP~FLEX() 8.7.18.3
}
}

if (ALPHA_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

}

7.3 TIHLEDGCH)
Sl W J

he TILE_DC( ) syntax structure is specified by Table 40.

Table 40 — TILE_DC( ) syntax structure

TILE_DC() { Descriptor

Reference

TILE_STARTCODE u(24)

8.7.10.1

ARBITRARY_BYTE u(8)

87.10.2

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)d

IsCurrPlaneAlphaFlag = TRUE

MB_DC()

8.7.11

}

}

while (!IS_BYTE_ALIGNED())

BYTE_ALIGNMENT_BIT u(1)

8.4.21

}

.7.4 TILE_HEADER_DC()

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

Table 41 — TILE_HEADER_DC( ) syntax structure

TILE_HEADER_DC() {

Descriptor

Reference

if (DC_IMAGE_PLANE_UNIFORM_FLAG = = FALSE)

DC_QP()

8.4.22

}

7.5 VTILE_LLOWPASS()

I

e TILE_LOWPASS[ J Syntax structure is specified by Table 2.
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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) {

IsCurrFlaneAlphaklag = TRUE

if (BANDS_PRESENT != DCONLY) /* BANDS_PRESENT of
alpha image plane */

TILE_HEADER_LOWPASS()

8.7.6

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

IsCurrPlaneAlphaFlag = FALSE

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

if (NumLPQPs > 1 && USE_DC_QP_FLAG = = FALSE)

LP_QP_INDEX|n] =
DECODE_QP_INDEX(NumLPQPs) /* primary image plane */

8.7.10.10

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(NumLPQPs)
/* alpha image plane */

8.7.10.10

MB_LP()

8.7.16.1

}

Uhile (IS_BYTE_ALIGNED())

BYTE_ALIGNMENT_BIT

u(l)

8.4.21

}

8.7.6

The TILE

[ILE_ HEADER_LOWPASS( )

| HEADER_LOWPASS()\syntax structure is specified by Table 43.

Table 43 — TILE_HEADER_LOWPASS( ) syntax structure

58

TILE_HEADER_LOWPASS() { Descriptor Reference
if (LP_IMAGE_PLANE_UNIFORM_FLAG = = FALSE) {
USE_DC_QP_FLAG 8.7.10.4
if (USE_DC_QP_FLAG)
NumLPQPs =1
else {
NUM_LP_QPS_MINUS1 8.7.10.5
NumLPQPs = NUM_LP_QPS_MINUS1 + 1
LP_QP() 8.4.23
}
}
}
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8.7.7 TILE_HIGHPASS()

The TILE_HIGHPASS( ) syntax structure is specified by Table 44.

Table 44 — TILE_HIGHPASS( ) syntax structure

TILE_HIGHPASS( ) {

Descriptor

Reference

TILE_STARTCODE

u(24)

8.7.10.1

ARBITRARY_BYTE

u(8)

8.7.10.2

IsGurrPlaneAlphaflag=FALSE

if (BANDS_PRESENT != DCONLY &&
BANDS_PRESENT != NOHIGHPASS)
/* 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)

8.7.10.10

MB_CBPHP()

8.7.17.2

MB_HP()

8.7.18.2

}

if (ALPHA_IMAGE_PLANE_FLAG) {

IsCurrPlaneAlphaFlag = TRUE

if (BANDS_PRESENT != DCONLY &&
BANDS_PRESENT [=\NOHIGHPASS) {
/* BANDS_PRESENT of alpha image plane */

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

HP_QP-INDEX[n] = DECODE_QP_INDEX(NumHPQPs)

8.7.10.10

MB_CBPHP()

8.7.17.2

MB-HP()

8.7.18.2

}

}

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 ELAG)
NumHPQPs = NumLPQPs

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

}

i
8.7.9 TILE_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 primary 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 (JSSBYTE_ALIGNED( ))
BYT'E/ALIGNMENT_BIT u(1) 8.4.21

}
8.7.10 Tile-level'semantics

8.7.10.1 TILE_STARTCODE

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

NOTE 1 Decoders 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_FLEXBITS is a 4-bit syntax element that is present if TRIM_FLEXBITS_FLAG is equal to TRUE. Otherwise,
TRIM_FLEXBITS shall be inferred to be equal to 0.

NOTE The number of bits per transform coefficient that are present in the flexbits tile-packet is.Specified by tHe value of
(ModelBitsMBHP[MBx][MBy][i] - TRIM_FLEXBITS) as specified in subclause 8.7.18.3 and subclause.8:7.19.1.

8.7.104 USE_DC_QP_FLAG

USE_DC_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 DC band QP set;
otherwise, 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 ig equal to
HALSE. This syntax element specifies the number of LP_band QPs, per colour component in each tile, minus 1.
8.7.10.6 USE_LP_QP_FLAG

USE_LP_QP_FLAG is a 1-bit syntax element,that specifies whether the HP band uses the same QP sets as the LP
band. If USE_LP_QP_FLAG is equal to TRUE, the values of the HP QP sets are set to those of the LP band QP sets;
otherwise, the values of the HP QP sets.are explicitly specified in the codestream. When USE_LP_QP_FLIAG is not
present, its value shall be inferred to'be equal to FALSE.

8.7.10.7 NUM_HP_QPS:MINUS1

NUM_HP_QPS_MINUS1 i5 a 4-bit syntax element that is present if HP_IMAGE_PLANE_UNIFORM_FLAG ig equal to
HALSE. This syntax elément specifies the number of HP band QPs, per colour component in each tile, minys 1.
8.7.10.8 LP_QP_INDEX]|n]

JP_QP_INDEX[n] is a variable-length syntax element that is present when BANDS_PRESENT is not|equal to
OCONLY,\NumLPQPs is greater than 1, and USE_DC_QP_FLAG is equal to FALSE. It specifies the QP indey used for
the ER band of the n-th macroblock, in raster scan order, of the tile. The LP band QP for each colour cdmponent
shallbe derived from the g-th QP set when LP_QP_INDEX|n] takes the value q. The LP QP index is parsed jusing 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

quantizatienparameter-table:

The syntax structure DECODE_QP_INDEX( ) is specified by Table 47.

Table 47 — DECODE_QP_INDEX( ) syntax structure

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

IS_QPINDEX_NONZERO_FLAG u(1) 8.7.10.11
if (IS_.QPINDEX_NONZERO_FLAG = = FALSE)

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

QPINDEX REF u(iBits) 8.7.10.12

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. If ISTQPINDEX_NONZERO_FLAG is equal to TRUE, the QPP
index is derived from the syntax element QPINDEX_REF.\O@therwise, 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 equal
TRUE. THe value of QPINDEX_REF shall be in-the range of 0 to iNumQP-2. All other values are reserved.

8.7.11 MB_DC()
The MB_DC( ) syntax structuré-is Specified by Table 48.

Table 48 — MB_DC( ) syntax structure

MB_DC() { Descriptor Reference
/* IsCurrRlaneAlphaFlag is equal to TRUE for parsing alpha image plane,
and IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary
image plane */
iBand=0/*0=DCband 1 =LPband 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)

8.7.12

/* 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.MBijts{1], iBand, bChroma, bAbsLevel)

8.7.12

}

UpdateModelMB(iLapMean| [}ModelDC, iBand)

8.12.2

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

if (bResetContext)

AdaptDC()

8.8.4.1

}

d4.7.12 DECODE.DC()

Table 49 — DECODE_DC( ) syntax structure

DECODE_DC(iModelBits, iBand, bChroma, bAbsLevel) {

Descriptor

Reference

iDC=0

iContext =0

if (bAbsLevel)

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

8.7.13

if (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
/* SAd.alJt‘V,LC ib 1ULd1 illbtdllLC Uf Ada})tiVC‘V,LC ddtd btl uLtul < */I
if (iBpnd = = 0) /*DC*/

if (bChroma)

sAdaptVLC = AbsLevellndDCChr

else

sAdaptVLC = AbsLevellndDCLum

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

f (iContext)

sAdaptVLC = AbsLevellndLP1

else

sAdaptVLC = AbsLevellndLPO

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

iff (iContext)

sAdaptVLC = AbsLevellndHP1

else

—-

sAdaptVLC = AbsLevellndHPO
iRemap[]=1{2,3,4,6,10, 14}
iFixedLen[]={0,0,1, 2, 2, 2}

ABS _[LEVEL_INDEX /* Parse with table indexed by sAdaptVLC.Tablelndex */ ae(v) 8.7.14.5
sAddptVLC.DiscrimVall += AbslevellndexDelta[0][ABS_LEVEL_ JINDEX] Table 86
if (ABS_LEVEL_INDEX < 6) {

ifixed = iFixedLen[ABS_LEVEL_INDEX]
iLlevel = iRemap[ABS_LEVEL_INDEX]

fi (iFixed > 0) {

LEVEL_REF u(iFixed) 8.7.14.6
iLevel += LEVEL_REF

—-

}
} elsq { /* Escape mode */
HIXED_NUM u(4) 8.7.14.7
ifixed = FIXED_NUM + 4
f (iFixed ==19) {
FIXED_NUM_EXT u(2) 8.7.14.8
iFixed += FIXED_NUM_EXT
if (iFixed = = 22) §
FIXED_NUM: EXT?2 u(3) 8.7.14.9
iFixedw+= FIXED_NUM_EXT?2

—-

}
}
LEVEL'REF u(iFixed) 8.7.14.6
ilevel =2 + (1 ipivnr‘) + LEVEL REF

}

return iLevel
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8.7.14 Macroblock DC( ) semantics

8.7.14.1 IS_DC_CH_FLAG

020(E)

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 coefficie
corresponding colour component is specified in the codestream. If IS_DC_CH_FLAG is equal to FALSE, the
length coded part of the DC coefficient of the corresponding colour component is equal to 0.

A & A VAL_DC_YUV

UVK, or NCOMPONENT. The value of VAL_DC_YUV is a 3-bit number, which jointly specifies-the’zero

VAL_DC_YUV & 2) specifies the U, and (VAL_DC_YUV & 1) specifies the V). The code'-table used i
AL_DC_YUV is specified in Table 51.

< wn < <

Table 51 — Code table for VAL_DC_YUV

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

N[O [Ut B w N

§.7.14.3 DC_REF

o]

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

=

8.7.14.4 SIGN_FLAG

w

[GN_FLAG is a 1-bit syntax_€lement which specifies the sign of a coefficient. If SIGN_FLAG is equal to
pefficient is negative. Otherwise, the coefficient is positive.

Q

8.7.14.5 ABS_LEVEL_INDEX

BS_LEVEL.INDEX is a variable-length syntax element that has a value in the range of 0 to 6, inclusive. T}
lement is.used in the computation of the VLC-coded part of the transform coefficient. The VLC-coded
fansformm coefficient is parsed in two stages: the initial level value and the VLC refinement. If ABS_LEVH

nt of the
variable-

AL_DC_YUV is a variable-length syntax element that is present if INTERNAL_CLR_FMT is not 'ohe of YONLY,

non-zZero

fatus of the DC coefficients of the Y, U and V, respectively (i.e, (VAL_DC_YUV &#4)" specifies the Y,

parsing

odelBits,

'RUE, the

is syntax
part of a
L_INDEX
d by this

(2B o B =

lesssthan 6, the initial level and the number of bits requlred to spec1fy the VLC refinement are spec1f16

level Value and the number of bits requlred to spec1fy the VLC reflnement as spec1f1ed 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

8.7.14.4 LEVEL_REF

LEVEL_REF is a syntax element which specifies the VLC refinement. The number of bits, iFixed, needed to specif
this syntax element is computed as specified in subclause 8.7.13 from ABS_LEVEL_INDEX if ABS_LEVEL/INDEX
less than(6, or from FIXED_NUM, FIXED_NUM_EXT, and FIXED_NUM_EXT?2 if ABS_LEVEL_INDEX is greater than g
equal to 6.

n <

—

8.7.14.7 FIXED_NUM

FIXED_NUM is a 4-bit syntax element that is present if ABS_LEVEL_INDEX is equal tg 6.\It specifies the number ¢f
bits needked to specify the initial level value.

8.7.14.8 FIXED_NUM_EXT

FIXED_NUM_EXT is a 2-bit syntax element that is present if FIXED_NUMis equal to 15. It specifies the number ¢f
extension bits needed to specify the initial level value.

8.7.14.9 FIXED_NUM_EXT2

FIXED_NUM_EXT?2 is a 3-bit syntax element that is present if FIXED_NUM is equal to 15 and FIXED_NUM_EXT {s
equal to 3. It specifies the number of additional extension bits needed to specify the initial level value.

8.7.15 Macroblock low-pass
8.7.16 General

This subglause specifies the derivation of the LP coefficients of the blocks in a macroblock. The presence of non-
zero entfopy coded LP coefficients,”i.e. coded block pattern low-pass, in a macroblock is represented by th

variable |CBPLP as computed,as.specified in Table 53, from the syntax elements CBPLP_YUV1 or CBPLP_YUV?2 @
CBPLP_CH_BIT.

=

If INTERNAL_CLR_FMT_ is-not equal to YUV420 or YUV422, the coded block status of the n-th colour component {s
specified(by ((iCBPLP>>n) & 1). If INTERNAL_CLR_FMT is equal to YUV420 or YUV422, the coded block status ¢f
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 L5 non-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 {s
determined-hy invoking the process Adaptivel.PScan()

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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The MB_LP( ) syntax structure is specified by Table 53.

Table 53 — MB_LP( ) syntax structure

ISO/IEC 29199-2:2020(E)

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[]={0, 2, 1, 3}

blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (bInitializeContext ) {

InitializeCountCBPLP()

8.9.2

InitializeLPVLC()

8.8.3.2

InitializeAdaptiveScanLP()

8.11.2

InitializeModelMB(ModelLP, iBand)

8.12.1

}

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

if (bResetTotals)

ResetTotalsAdaptiveScanLP()

8.11.4

iLapMean| ] ={0, 0}

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

iFullPlanes = 2

else

iFullPlanes = NumComponents

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

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

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

CBPLP_YUV1

e(v)

8.7.163.1

if (CountMaxCBPLP < CountZeroCBPLP)

iCBPLP = iMax - CBPLP_YUV1

else

iCBPLP = CBPLP_YUV{

} else {

CBPLP_YUV2

u(iFullPlanes)

8.7.16{3.2

iCBPLP = CBRLP_YUV2

}

UpdateCountCBPLP(iCBPLP, iMax)

8.9.3

} else {

iCBPLP=0

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

CBPLP_CH_BIT

u(1)

8.7.163.3

iCBPLP |= (CBPLP_CH_BIT << n)

}

T

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 (UNTERNAL_CLR_FMT = = YUVZ42UJ && 1)
iLocation = 10
if (INTERNAL_CLR_FMT = = YUV422) && n)
iLocation = 2
iNumNonZero = 8.7.185
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|{iTranspose422[iRemap]] = iTemp|k]

}
} else {
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 f(i€BPLP>>n) & 1) */

iModelBits = ModelLP.MBits[ilndex]

iLapMeanfindes+=iNumNonZere

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..%/

U pPUdLCIVMIDOUCINVIDUILAPDIVITAII] |, MIUUCILI, TDdIIU ) O.14.4
bResetContext = (MBx = = (LeftMBIndexOfTile[TileIndexx + 1] - 1) | |
(MBx - LeftMBIndexOfTile[TileIndexx]) % 16 = = 0)
if (bResetContext)
AdaptLP() 8.8.4.2
§.7.16.2 REFINE_LP()
Table 54 — REFINE_LP( ) syntax structure
REFINE_LP(iCoeff, iModelBits) { Descriptor Reference
COEFF_REF u(iMoedelBits) | 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 = —jGoeff
}
}
return iCoeff
}
8.7.16.3 MB_LP( )and REFINE_LP( ) semantics
8.7.16.3.1 CBPLP_YUV1
JBPLP_YUV1 is-assyntax element that is present if INTERNAL_CLR_FMT is one of YUV420, YUV422, or|YUV444,
and also CountZeroCBPLP is less than or equal to 0 or CountMaxCBPLP is less than 0 it jointly specifies the coded
block patteérn low-pass of the Y, U and V colour components as follows:
1— Af INTERNAL_CLR_FMT is YUV444, the parsing of CBPLP_YUV1 is specified by Table 55.

— IfINTERNAL_CLR_FMT is YUV420 or YUV422, the parsing of CBPLP_YUV1 is specified by Table 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
1010
1011
1100
1101
1110
1111

N[O w N |-

Tablle 56 — Code table for CBPLP_YUV1 when INTERNAL_CLR_FMT is equal to YUV420 or YUV422

Code Value
0 0
10 1
110 2
111 3

8.7.16.3.2 CBPLP_YUV2

CBPLP_YPV2 is a syntax element that is present when INTERNAL_CLR_FMT is€qual to YUV420, YUV422, d
YUV444, fand CountZeroCBPLP is greater than 0 and CountMaxCBPLP is greater'than or equal to 0. The number
bits requjred to 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 for each colour component in an image whepn
INTERNAL_CLR_FMT is not one of YUV422, YUV420, or YUV444:1t specifies the coded block pattern low-pass of
the corrgsponding colour component. If CBPLP_CH_BIT is_egual to 0, all the coefficients in the LP band for this
macrobldck of the corresponding colour component are.sét to the value 0. If CBPLP_CH_BIT is equal to 1, the LIP
band for this macroblock of the corresponding component is non-zero.

8.7.16.3.4 COEFF_REF

COEFF_REF is a syntax element that refines the value of LP coefficients. The number of bits used to parse th
syntax element is specified by iModelBits.

72}

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

The CBPHP derivationprocess is hierarchical, and proceeds as follows:

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

If INTERNAE-CERFMTisequal-teYH V444 Y0V42 2 -or-YHY420thereisa NUM-CBPHP-syntaxelementforeac
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:

INTERNAL_CLR_FMT is equal to YUV444, YUV422, or YUV420, there is a NUM_BLKCBPHP syntax@lg¢ment for
ach block-group with non-zero residual CBPHP status. NUM_BLKCBPHP takes a value between/0 jand 8. If
UM_BLKCBPHP plus 1 is less than 6, it indicates that the residual CBPHP of all the chroma blocks in the block
roup are equal to 0. The luma blocks that have non-zero residual CBPHP are indicatéd, by the|value of
UM_BLKCBPHP and CODE_INC. If NUM_BLKCBPHP plus 1 is greater than or equal to 6, the-besidual CBPHP of at
bast some chroma blocks in this block-group are non-zero, and the syntax elements GHR_CBPHP is parsed to
pecify if a) the U, or b) V, or c¢) both U and V, colour components have blocks with non*zero residual qBPHP. In
his case, the luma blocks that have non-zero residual CBPHP are indicated bythe“value of NUM_BIJKCBPHP,
AL_INC and CODE_INC.

a0 2ZJ9 =Z o =

Pel=R)

If INTERNAL_CLR_FMT is equal to YUV444 or YUV422, the chroma compofient with non-zero residual CBPHP has
multiple blocks. If INTERNAL_CLR_FMT is equal to YUV444, the syntax element NUM_CH_BLK and th¢ process
REFINE_CBPHP( ) specify the chroma blocks that have non-zero residuial CBPHP. If INTERNAL_CLR_FMT is equal
b YUV422, the syntax element CBPHP_CH_BLK specifies the chroma‘blocks that have non-zero residual CBPHP.

[

If INTERNAL_CLR_FMT is equal to YONLY, YUVK, or NCOMPONENT, there is a NUM_BLKCBPHP syntax el¢ment for
epch block-group (in each colour component) where residual’CBPHP status is non-zero. NUM_BLKCBPHP takes a
vplue between 0 and 4. The blocks in this block-group. that have non-zero residual CBPHP are indicat¢d by the
vlue of NUM_BLKCBPHP and CODE_INC.

-]

hird step: On the completion of the second step-for all block groups in a macroblock, the residual CBPHP values
r all the blocks in colour component i are stored in the corresponding iDiffCBPHPJi] variable. These values are
fored in a hierarchical raster scan order,;where each consecutive nibble of 4 bits corresponds to one 2x2 block
roup. Within each nibble, the blocks.'of a block-group are in raster scan order, and 2x2 block-grqups in a
acroblock are also in raster scan otder. If INTERNAL_CLR_FMT is equal to YUV422 or YUV420), the higrarchical
ran order for the chroma components is identical to the normal scan order.

wn =N

grm

[%2)

The PredCBPHP( ) processis;invoked to compute the actual CBPHP values from the residual CBPHP values. The
alue of ((MBCBPHP[MBx|[MBy][i] >>j) & 1) specifies the coded block status of the j-th block (in the same
}:Iierarchical raster scan-order as iDiffCBPHP) associated with the i-th colour component in the mgcroblock
indexed by MBx and MBYy.

<
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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 */
iFLG[]1={0,2,1,2,2,0}
iOff{1={0,4,2,8,12,1}
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 (bnitializeContext)
nitializeCBPHPVLC() 8.8.3.4
if INTERNAL_CLR_FMT ==YUVK | |
NTERNAL_CLR_FMT = = NCOMPONENT)
Component = NumComponents

else]

Component = 1
for (i = 0; i <iComponent; i++) {
5AdaptVLC = DecNumCBPHP
* reference AdaptiveVLC struct for NUM_CBPHP */
NUM_CBPHP /* using sAdaptVLC */ ae(v) 8.7.17.4.1
5AdaptVLC.DiscrimVall += Table 89
NumCBPHPDelta[sAdaptVLC.DeltaTableIndex][NUM_CBPHP]
/* sAdaptVLC.DeltaTableIndex is equal to 0 */
CBPHP = REFINE_CBPHP(NUM_CBPHP) 8.7.17.3
for (iBlock = 0; iBlock < 4; iBlock++)
if (iCBPHP & (1 << iBlock)) {
sAdaptVLC = DecNumBIkCBPHP
/* reference AdaptiveVLC struct fotr-NUM_BLKCBPHP */

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) { /* Ischroma */
CHR_CBPHR e(v) 8.7.17.4.3
iBIKCBPHP+0x10 * (CHR_CBPHP + 1)
if (ival>29) {
VAL_INC e(v) 8.7.17.44
iVal += VAL_INC

J
iVal -= 6

}

iCode — iﬂFF[i‘/al]

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...) */

/R

PredCBPHP(iDiffCBPHP)

8.7{17.5.1

}

.7.17.3

7.17.4

N

7.17:4:1

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

}elseif (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))

} elsenif (iNum = = 4)

iRef = 0xOF

else

iRef=0

return iRef

}

MB_CBPHP( ) and REFINE_CBPHP( ) semantics

NUM_CBPHP

UM CBPHP is a variable syntax element that specifies the number of block-groups where CBPHP residdal 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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Table 59 — Code table for NUM_CBPHP()

Code 0 | Code 1 Value
1 1 0
01 000 1
001 001 2
0000 010 3
0001 011 4
8.7.17.4.2 NUM_BLKCBPHP
NUM_BLKCBPHP is a variable-length syntax element that specifies the CBPHP status of each block-group wheile

residual
NCOMPQ
Otherwis
structurd
subclaus

8.7.17.4

CHR_CBH
specified

CBPHP status is non-zero as specified in subclause 8.7.17.1. If INTERNAL_CLR_FMT is equal toa~YUVK,
INENT, or YONLY, NUM_BLKCBPHP is coded using one of the two VLC tables specified in.Table 60.
e, NUM_BLKCBPHP is parsed using one of the two VLC tables specified in Table 61. The adaptive VL
used to parse NUM_BLKCBPHP is initialized to the VLC table corresponding to Code Q-as’specified i
e 8.8.3.4, 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 00% 1
0010 010 2
00001 0001 3
00010 000001 4
1 011 5
011 00001 6
000171 0000000 7
0041 0000001 8
3 CHR_CBPHP.
HP is a syntaxelement that specifies the chroma components have non-zero CBPHP in a block-group 4s

in subclausg8.7.17.1. 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

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.

74
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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

cubelausce 87171 Thaciza ofthic cuntay alamantic cnacifiad by iBT CHVUANT whara iIET CT 1 and VAl ara o nnified in
ST S E- O 1 - SHAC- Ot S Sy e Sre e e S S peeea oy Ir o v Wi e er Tvoratre-5pCC

LG -and
spbclause 8.7.17.2.

8.7.17.4.6 NUM_CH_BLK

<

Vhen INTERNAL_CLR_FMT is equal to YUV444, NUM_CH_BLK is a syntax element that specifies the naumber of
pded chroma blocks in a 2x2 block-group as specified in subclause 8.7.17.1. The VLC thatspecifies the parsing of
UM_CH_BLK is specified in Table 63.

i o]

Table 63 — Code table for NUM_CH_BLK

Code Value
1 0
01 ¥

000 2

001 3

8.7.17.4.7 CBPHP_CH_BLK

<

Vhen INTERNAL_CLR_FMT is equal to YUV422, CBPHP_CH_BLK is a syntax element that refines th¢ chroma
BPHP for a block-group as specified in subclause 8:2,17.1. The VLC that specifies the parsing of CBPHP_(H_BLK is
pecified in Table 62.

w0

§.7.17.4.8 REF_CBPHP1

=

EF_CBPHP1 is a variable size syntax element that refines the CBPHP of a block-group as spdcified in
ibclause 8.7.17.1. The VLC that specifies the parsing of REF_CBPHP1 is specified in Table 64.

wn

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

PredCBPHP()

Table 65 — Pseudocode for function PredCBPHP( )

PredCBPHP(iDiffCBPHP[ ]) {

Reference

blnitializeContext =
(IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (bInitializeContext)

InitializeCBPHPModel( )

8.10.1

if INTERNAL_CLR_FMT ==YUV420 | |

8.7.17.5.2

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)

8.7.17.5.3

} else if INTERNAL_CLR_FMT = = YUV420) {

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

8.7.17.5.4

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.CBPHPStatef¢1] = = 0) {

if (IsMBLeftEdgeofTileFlag)

if (IsMBTopEdgedfTileFlag)

iCBPHP "=,

else

iCBPHP."= ((MBCBPHP[MBx][MBy-1][i] >> 10) & 1)

else

iCBPHP "= ((MBCBPHP[MBx-1][MBy][i] >> 5) & 1)

iCBPHP "= (0x02 & (iCBPHP << 1))

iCBPHP "= (0x10 & (iCBPHP << 3))

{CBPHP "= (0x20 & (iCBPHP << 1))

iCBPHP "= ((iCBPHP & 0x33) << 2)

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

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

76

} else if ((‘RPHPMndeHP (‘RDHDqufp[r1] == 7)

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

8.7.17.54 PredCBPHP420()

Table 68 — Pseudocode for function PredCBPHP420( )

PredCBPHP420(j, iDiffCBPHP[ ]) { Reference
iCBPHP = iDiffCBPHP([i]
if (CBPHPModelHP.CBPHPStaté[1] = =0) {
if (IsMBLeftEdgeofTileFlag)
if (IsMBTopEdgeofTileFlag)
iCBPHP "=
else
iCBPHP-"= ((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

}
8.7.48"Macroblock high-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)
f (blnitializeContext) {

InitializeHPVLC( ) 8.8.3.3
InitializeAdaptiveScanHP( ) 8.11.3
InitializeModelMB(ModelHP, iBand) 8.12.1

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

f (bResetTotals)

ResetTotalsAdaptiveScanHP( ) 8.11.5

jLapMean| ] = {0, 0}

or (i = 0; i < NumComponents; i++) {
bChroma = (i > 0)

iNBlocks = 4

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

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

iCBPHP = MBCBPHP[MBx][MBy][i]
for (iBlock = 0; iBlock < iNBlocks * 4; iBlock++) {
iBlockMap = iBlock
if (iNBlocks = = 4)
iBlockMap = iHierScanOrder[iBlock]
for (k=0; k< 16; k++)
HPInputVLC[i][iBlock][k] = 0
iNumNonZero = 8.7.18.4
DECODE_BLOCK_ADAPTIVE(iCBPHP & 1, bChroma, i, iBlockMap)
iLapMean|[bChroma] += iNumNaohZero
iCBPHP >>= 1

}

ModelBitsMBHP[MBx][MBy][0] = ModelHP.MBits[0]
ModelBitsMBHP[MBx][MBy]|[1] = ModelHP.MBits[1]
JpdateModelMB(iLapMean| ], ModelHP, iBand) 8.12.2
bResetContext = (MBX= = (LeftMBIndexOfTile[TileIndexx + 1] = 1) | |
(MBx - LeftMBIndexOfTile[TileIndexx]) % 16 = = 0)
f (bResetContext)
AdaptHP()) 8.8.4.3
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MB_HP_FLEX()

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}
binitializeContext = (ISMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (bInitializeContext) {
Initialize HPVLC( ) 8:8.3.3
InitializeAdaptiveScanHP( ) 8.11.3
InitializeModelMB(ModelHP, iBand) 8.12.1
}
bResetTotals = (((MBx — LeftMBIndexOfTile[TileIndexx]) % 16) = = 0)
if (bResetTotals)
ResetTotalsAdaptiveScanHP( ) 8.11.5
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 = = YUV422)
iNBlocks = 2
iCBPHP = MBCBPHP[MBx][MBy]|[i]
for (iBlock = 0; iBlock < iNBlocks*4; iBlock++) {
iBlockMap = iBlock
if (iNBlocks = = 4)
iBlockMap = iHierScanQrder[iBlock]
for (k=0; k< 16; k++)
HPInputVLC[i][iBlock][k] = 0
iNumNonZero = 8.7.18.4
DECODE_BLQCK _ADAPTIVE(iCBPHP & 1, bChroma, i, iBlockMap)
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]
UpdateModelMB(iLapMean][ ], ModelHP, iBand) 8.12.2
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) {

iNumNonZero =
DECODE_BLOCK(bChroma, iLocalCoeff[ ], iBand, iLocation)

8.7.18.5

k = iLocation

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

k +=iLocalCoeff[kk * 2]

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

8.11.7

k++

}

}

return iNumNonZero

8.7.18.5 DECODE_BLOCK()

Table 72 — DECODE_BLOCK( ) syntax structure

DECODE_BLOCK(bChroma, iCoeff] ], iBand, iLocation) {

Descriptor

Reference

iNumNZ = 1

iFirstindex = DECODE_FIRST_INDEX(bChroma, iBand)

8.7.18.8

SIGN_FLAG

u(1)

8.7.14.4

iSR = (iFirstindex & 1)

iSRn = (iFirstIndex >> 2)

iContext = (iSR & iSRn)

if (iFirstindex & 2)

iCoeff[1] = DECODE_ABS_LEVEL(iBahd, bChroma, iContext)

8.7.13

else

iCoeff[1] =1

if (SIGN_FLAG)

iCoeff[1] = —iCoeff[1]

iCoeff[0] =0

if (iSR = = 0)

iCoeff[0] = DECODE_RUN(15 - iLocation)

8.7.18.6

iLocation +=4Coeff[0] + 1

while (iSRn.!= 0) {

iSRE(iSRn & 1)

iCoeff[iNumNZ * 2] =0

if(iSR = = 0)

iCoeff[iNumNZ * 2] = DECODE_RUN(15 - iLocation)

8.7.18.6

1Location += (ICoel[INUmMNZ * 2] + 1]

ilndex = DECODE_INDEX(iLocation, bChroma, iBand, iContext)

8.7.18.7

iSRn = (ilndex >> 1)

iContext &= iSRn

SIGN_FLAG

u(l)

8.7.14.4

if (ilndex & 1)

iCoeff[(iNumNZ * 2) + 1] =
DECODE_ABS_LEVEL(iBand, bChroma, iContext)

8.7.13

else

iCoeff[(iNumNZ*2)+1]=1

if (SIGN_FLAG)

iCoeff[(iNumNZ * 2) + 1] = —iCoeff[(iNumNZ * 2) + 1]

80
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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

PRECODE-RIINGMAM R 3L
DECOPERUNGMaxRum)

D 'Y
DESCTIpPToT

Reaf,
ETCTCHEC

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

iRunBin[ ] ={-1,-1,-1,-1,2,2,2,1,1,1,1,0,0,0, 0}

iRunFixedLength[ ] ={0,0,1,1,3,0,0,1,1,2,0,0,0,0, 1}

if (iMaxRun < 5) {

iRun = 1;

if (iMaxRun !=1) {

RUN_VALUE

e(v)

8.7.18.9.1

iRun = RUN_VALUE

}

} else {

RUN_INDEX

e(v)

8.7.18.9.2

ilndex = RUN_INDEX + 5* iRunBin[iMaxRun]

iFixed = iRunFixedLength[ilndex]

iRun = iRemap(ilndex]

if (iFixed) {

RUN_REF

u(iFixed)

8.7.18.9.3

iRun += RUN_REF

}

}

return iRun
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8.7.18.7

DECODE_INDEX( )

Table 74 — DECODE_INDEX( ) syntax structure

DECODE_INDEX(iLocation, bChroma, iBand, iContext) {

Descriptor Reference

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

if (

iBand = = 1) /*LP */

if (bChroma)

if (iContext)

sAdaptVLC = DecIndLPChr1

else

sAdaptVLC = DecIndLPChr0

else /* Luma */

if (iContext)

sAdaptVLC = DecIndLPLum1

else

sAdaptVLC = DecIndLPLumO

[¢]

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

if (bChroma)

if (iContext)

sAdaptVLC = DecIndHPChr1

else

sAdaptVLC = DecIndHPChr0

else /* Luma */

if (iContext)

sAdaptVLC = DecIndHPLum1

else

sAdaptVLC = DeciIndHPLumO

—-

f|(iLocation < 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.Delta2Tablelndex][INDEX_A]

Table 88

ilndex = INDEX_A

f~—

plse if (iLocation = =15) {

INDEX_B

e(v) 8.7.18.9.5

ilndex = INDEX_B

——

plse {

INDEX_C_FLAG

u(1) 8.7.18.9.6

ilndex = INDEX_C_FLAG

Iq

turn ilndex

82
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8.7.18.8 DECODE_FIRST_INDEX()

Table 75 — DECODE_FIRST_INDEX( ) syntax structure

DECODE_FIRST_INDEX(bChroma, iBand) {

Descriptor

Reference

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

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

if (bChroma)

sAdaptVLC = DecFirstindLPChr

else /*Tnuma*/

sAdaptVLC = DecFirstindLPLum

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

if (bChroma)

sAdaptVLC = DecFirstindHPChr

else /* Luma */

sAdaptVLC = DecFirstindHPLum

FIRST_INDEX /* Decode with sAdaptVLC */

ae(v)

8.7.189.7

/* 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

§.7.18.9.1 RUN_VALUE

RUN_VALUE is a variable-length syntax element that‘is'present when iMaxRun is greater than 1 and iMaxRun is
legss than 5. It specifies the value of run. If iMaxRun is equal to 2, the parsing of RUN_VALUE is sp¢qcified by
Tlable 76. Otherwise, if iMaxRun is equal to 3, theparsing of RUN_VALUE is specified by Table 77. Othdrwise, (if
iMaxRun 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 Yalue
1 1
01 2
001 3
000 4
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8.7.18.9.2 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

Code Value
1 0
01 1
001 2
0000 3
0001 4

8.7.18.9.3 RUN_REF

RUN_REF] is a fixed-length syntax element that specifies the value of iRun in subclause 8.7.18.6._The presence and
size of the RUN_REF syntax element is indicated by iFixed, as specified in subclause 8.7.18.6.

8.7.18.94 INDEX_A

(¢

INDEX_A|is a variable-length syntax element that is present when iLocation is léss“than 15. It has a value in th
range of [0 to 5, inclusive. The coding of this symbol uses one of four tables-\Fhe choice of table is adaptively
determinjed as 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 | Code3 Value
1 01 0000 00000 0
00000 | 0000 0001 00001 1
001 10 01 01 2
00001 | 0001 10 1 3
01 11 11 0001 4
0001 001 001 001 5

INDEX_Al|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 gs
follows:

— If(INDEX A & 1) is equal to 0, this magnitude is equal to 1.

— Otherwise, this magnitude is greater than 1.

— The t¢rnary of event'whether this coefficient is the last coefficient in the block, and if there are more non-zero
coeffigients, whether the run before the next non-zero coefficient is zero or non-zero, as follows:

— If(INDEX A >>1)is equal to 0, this coefficient is the last coefficient in the block.

O . L NIV A 1 k IVID: B | kT 4+l ‘- e —
— UTCTWIST T (TINDEZX 7Y T IS THUATN U T, UIC TUIN OCTUT U UICTICA T TIOTI= ZCTU COVIIIUICIIUTS " ZTT O

— Otherwise (i.e. when (INDEX_ A >> 1) is equal to 2), the run before the next non-zero coefficient is non-zero.

NOTE Thus INDEX_A has an alphabet size of 2*3= 6.
8.7.18.9.5 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.
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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.
follows:

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

— Otherwise, this magnitude is greater than 1.
-t The binary event of whether this coefficient is the last coefficient in the block oryif_.there are more
coefficients, as follows:

— If (INDEX B >> 1) is equal to 0, this coefficient is the last coefficient in the\block.
— Otherwise, the run before the next non-zero coefficient is zero.

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

8.7.18.9.6 INDEX_C_FLAG

et

NDEX_C_FLAG is a 1-bit syntax element that is present whén'iLocation is equal to 16. It specifies the prj
ibsequent run/level symbols.

[%2)

§.7.18.9.7 FIRST_INDEX

than 1 as

non-zero

esence of

HIRST_INDEX is a variable-length syntax elemtent that has a value in the range of 0 to 11, inclusive. The coding of
this syntax element uses one of five tables. The choice of table is adaptively determined as specified in gubclause
8.8.4. The VLC tables are specified in Table 82.
Table 82 — Code table for FIRST_INDEX

Code0 Code1 | Code2 Code 3 Code 4 Value

0000 1 0010 11 001 010 0

0000 01 00010 001 11 1 1

0000 000 [ 000000 | 0000000 [ 0000 000 | 0000 001 2

0000 001 [ 000001 | 0000001 [ 00001 0001 3

00100 0011 0000 1 00010 0000010 4

010 010 010 010 011 5

00101 00011 0000010 | 0000001 [ 00000000 | 6

1 11 011 011 0010 7

00110 011 100 00011 0000011 8

0001 100 101 100 0011 9

00111 00001 0000011 | 000001 00000001 | 10

011 101 0001 101 0000 1 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.
— Otherwise 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.
— Otherwise, this magnitude is greater than 1.

— The te¢rnary event of whether the first coefficient is the last coefficient in the block, and if there are'more nor
zero doefficients whether the run before the next non-zero coefficient is zero or non-zero, as follows.

— If(FIRST INDEX >>2) is equal to 0, the first coefficient is the last coefficient in the block,
— Otherwise, if (FIRST _INDEX >> 2) is equal to 1, the run before the next non-zero coeffiient is zero.
— Otherwise ((FIRST_INDEX >> 2) is equal to 2), the run before the next non-zero coefficient is non-zero.

NOTE  Thus FIRST_INDEX has an alphabet size of 2*3*3 = 12.
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 parsing-alpha image plane,
and IsCurrPlaneAlphaFlag is equal to FALSE forparsing primary

image plane */
iHierScanOrder[]1={0,1,4,5,2,3,6,7,8,9,12;13,10,11, 14,15}
for (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 = 1

else if (ilndex && (INTERNAL_CLR_FMT = = YUV422))
iNBlocks.= 2

for (iBlogk = 0; iBlock < iNBlocks * 4; iBlock++) {
iBlockMap = iBlock
if (iNBlocks = = 4)
iBlockMap = iHierScanOrder[iBlock]
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

}
§.7.19.3 DECODE_FLEX()

Table 85 — DECODE_FLEX( ) syntax structure

DECODE_FLEX(iVLCCoeff, iFlexBitsLeft) { Descriptor Reference
FLEX_REF u(iFlexBitsheft) | 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 = -iFlexCaeff

}

}

return iFlexCoeff

}
8.7.19.4 FLEXBITS semantics

§.7.19.4.1 FLEX_REE

HLEX_REF is a syntax element that specifies the flexbits part of the HP coefficient. The size of this syntax glement is
specified by iFlexBits.

8.8 Adaptive VLC code table selection

8.8.1 <General

o~y

daptive VLC Table Selection is a process by which the entropy coding method adapts to image statistics|and thus
TOVIGeS Detter COMPTesSIoN. FITst, a SIall TUmMber of Tepresentative VLG tables are predetined. 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 AdaptVI.CTable2() (subclause 8.8.4.5) pseudocode functions
specify hpw these discriminants are compared to predefined threshold, and decide whether to continue to use thle
current table or to transition to one of the nearest table. If there is a transition, the discriminants are reset te.zerol

As the discriminants are computed based on previously coded symbols both at the encoder and at the, decodef,
there is no need for additional side information to signal the selected VLC. For coding some symbals, there are
only two|code tables, and there is only one possible transition. The adaptation complexity is further reduced ip
these casks as there is only the DeltaTableIndex and only one discriminant is required.

NOTE Informative remarks related to this subclause are provided in subclause D.9.
8.8.2 Adaptive VLC deltaDisc tables

When a qyntax element is parsed using a VLC having a code table that can be‘adaptively selected, the associated
AdaptivelLC data structure's member variables DiscrimVall and DiscrimVal2 are modified by adding an amourjt
deltaDisg. The specific value of this deltaDisc is dependent on the syfitax element being parsed, the VLC Code
Table cugrently being used to parse this syntax element, the current value of this syntax element, and (when therje
are two discriminants) which discriminant is being modified.

Based or] these factors, the appropriate values of deltaDisc _are specified by collecting them in tables. For eac
syntax element, a distinct collection of tables of deltaDisc-values are defined; in the sequel these tables will b
called deJtaDisc tables. A syntax element which is parsed using adaptive VLC tables will have N code tables fd
each synfax element, for some positive integer N > 1.(If there are N code tables for a syntax element, there are N
1 deltaDigc tables (one deltaDisc table for switching between code tables i and i + 1, for i ranging between 0 and
- 2 inclusive). The AdaptiveVLC data structure dssociates to DiscrimVal1 the associated variable DeltaTableIndé
(Delta2TableIndex for DiscrimVal2); DeltaTableIndex defines which of the N — 1 deltaDisc tables is in use for th
current macroblock.

o X & 1T = ©o =

The syntpx element itself takes values’between 0 and M - 1, where M represents the number of entries in this
syntax element's code table. For-each of these values, there is defined an associated deltaDisc value. In this way,
when thd syntax element takes the value iVal, the modification of an AdaptiveVLC data structures discriminants {s
specified|as follows (here, sAdaptVLC is a local variable used in place of particular AdaptiveVLC data structurne
instance)|:

— sAdaptVLC.DiscrimVall is incremented by deltaDisc[sAdaptVLC.DeltaTableIndex][iVal].

— sAdaptVECDiscrimVal2 is incremented by deltaDisc[sAdaptVLC.Delta2TableIndex][iVal].

Table 86, Table 87, Tabie 88, Table 89, Tabie 90, and Tabie 91 Speciy the et 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 and 1, as specified in Table 86.
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Table 86 — Constant table AbslevellndexDelta|m][n]

»_ Q0

s

(@)

or the syntax element FIRST_INDEX (subclause 8.7.18.9.7), there are four Delta tables, with thetable as
different deltaDisc value for each DeltaTablelndex and each value of FIRST_INDEX; the deltaDisc v

pecified in Table 87.

Index value Value for
n m=0
0 1
1 0
2 -1
3 -1
4 -1
5 -1
[ -1

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 T 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

or the syntax element INDEX_A (subclause 8:7.18.9.4),

or théssyntax element NUM_CBPHP (subclause 8.7.17.4.1), there is one deltaDisc table for switching

there are three Delta tables, as specified by Table

Table/88 — Constant table Index1Delta[m][n]

Index'value Value for Value for Value for
n m=0 m=1 m=2
0 -1 -2 -1
1 1 0 -1
2 1 0 0
3 1 2 1
4 0 0 -2
5 1 0 0

ode Tables 0 and 1 as specified in Table 89.

sociating
hlues are

between

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 o
deltaDisa

883 1}

The reley

initialized by the functions InitializeDCVLC(), InitializeLPVLC(), and InitializeHPVLC( ). These functions ay

specified
CBPHP is

These fu
specified

NOTE 1
more than

Index value Value for
n m=0
0 0
1 -1
2 0
3 1
4 1

ther values of INTERNAL_CLR_FMT, the code table for NUM_BLKCBPHP has niné.symbols, and th
table 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]=

nitialization

rant adaptive VLC data structures that are associated with each of the three bands DC, LP and HP ar

[¢)

= O

in subclauses 8.8.3.1, 8.8.3.2, and 8.8.3.3, respectively. The adaptive VLC structure associated wit]
initialized by the function InitializeCBPHPVLC( ) that is specified in subclause 8.8.3.4.

hctions in turn, make use of the functions InitializeVLCTable1() and InitializeVLCTable2() which ar
in subclauses8.8:3.5 and 8.8.3.6, respectively.

(¢

[¢]

hitializeVLETPable1( ) is used for initializing VLC code tables when there are exactly two code tables. If there ar
two cede.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

}
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8.8.3.2 InitializeLPVLC()

Table 93 — Pseudocode for function InitializeLPVLC( )

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
DecIndLPChr0Q = InitializeVI.CTahle2(DecindLPChrQ) 8836
DecIndLPChr1 = InitializeVLCTable2(DecIndLPChr1) 8.8.3.6
AbsLevellndLPO = InitializeVL.CTable1(AbsLevellndLP0) 8.8.3.5
AbsLevellndLP1 = InitializeVLCTable1(AbsLevellndLP1) 8.8.3.5

}

.8.3.3 InitializeHPVLC()

Table 94 — Pseudocode for function Initialize HPVLC(')

InitializeHPVLC( ) { Reference
DecFirstindHPLum = InitializeVLCTable2(DecFirstind HPLum) 8.8.3.6
DecIndHPLumO = InitializeVLCTable2(DeciIndHPLumO) 8.8.3.6
DecIndHPLum1 = InitializeVLCTable2(DeciIndHPLum1) 8.8.3.6
DecFirstindHPChr = InitializeVLCTable2(DecFirstind HPChr) 8.8.3.6
DecIndHPChro = InitializeVLCTable2 (DecIndHPChr0) 8.8.3.6
DecIndHPChr1 = InitializeVLCTable2 (DecIndHRChr1) 8.8.3.6
AbsLevellndHPO = InitializeVLCTable1(AbsLeyellndHPO) 8.8.3.5
AbsLevellndHP1 = InitializeVLCTable1(AbsLevellndHP1) 8.8.3.5

}

.8.3.4 InitializeCBPHPVLC()

Table 95 — Pseudocoede for function InitializeCBPHPVLC( )

InitializeCBPHPVLC( ) { Reference
DecNumCBPHP = InitializeVLCTable1(DecNumCBPHP) 8.8.3.5
DecNumBIkCBPHP-='nitializeVLCTable1(DecNumBIkCBPHP) 8.8.3.5

)

.8.3.5 InitializeVLCTablel()

Table 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

return 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
sAdaptVI.C DiscrimVall = 0

884 |

The reley
updated

AdaptDC
respectiv

The func
AdaptVL

8.8.4.1

8.8.4.2

sAdaptVLC.DiscrimVal2 = 0
return sAdaptVLC

}
Jpdate of adaptive VLC code table selection

rant adaptive VLC data structures that are associated with each of the three bands DC,"LP and HP ar
by the functions AdaptDC( ), AdaptLP( ), and AdaptHP( ), respectively. The pseudocode for the function

wn @

), AdaptLP( ), and AdaptHP( ) are specified in subclause 8.8.4.1, subclause 8.8.4.2, and subclause 8.8.4.3,
ely:
tions AdaptLP() and AdaptHP() perform the updates by using the functions AdaptVLCTablel() and
[Table2( ) which are specified in subclauses 8.8.4.4 and 8.8.4.5.
AdaptDC()
Table 98 — Pseudocode for function‘AdaptDC( )

AdaptDC() { Reference
AbsLevellndDCLum = AdaptVLCTable1(AbsLevellndDCLum) 8.8.4.4
AbsLevellndDCChr = AdaptVLCTablel(AbsLevellndDCChr) 8.8.4.4

}

AdaptLP()
Table 99 — Pseudocode for function AdaptLP()

AdaptLP() { Reference
DecFirstindLPLum =)AdaptVLCTable2(DecFirstindLPLum, 4) 8.8.4.5
DecIndLPLum0 =.AdaptVLCTable2(DecIndLPLum0, 3) 8.8.4.5
DecIndLPLum1Y = AdaptVLCTable2(DecIndLPLum1, 3) 8.8.4.5
DecFirstindLLPChr = AdaptVLCTable2(DecFirstindLPChr, 4) 8.8.4.5
DecIndLPChr0 = AdaptVLCTable2(DecIndLPChr0, 3) 8.8.4.5
DeeIndLPChr1 = AdaptVLCTable2(DecIndLPChr1, 3) 8.8.4.5
AbsLevellndLP0 = AdaptVLCTable1(AbsLevellndLP0) 8.8.4.4
AbsLevellndLP1 = AdaptVLCTable1(AbsLevellndLP1) 8.8.4.4

i

92
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8.8.4.3 AdaptHP()

Table 100 — Pseudocode for function AdaptHP()

AdaptHP() { Reference
DecFirstindHPLum = AdaptVLCTable2(DecFirstindHPLum, 4) 8.8.4.5
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 = AdaptVI.CTahle2(DecindHPChrQ 3) 88475
DecIndHPChr1 = AdaptVLCTable2(DecindHPChr1, 3) 8.8.4.5
AbsLevellndHPO = AdaptVLCTable1(AbsLevellndHPO) 8.8.4.4
AbsLevellndHP1 = AdaptVLCTable1(AbsLevellndHP1) 8.8.4.4
DecNumCBPHP = AdaptVLCTable1(DecNumCBPHP) 8.8.4.4
DecNumBIKkCBPHP = AdaptVLCTablel(DecNumBIkCBPHP) 8.8.4.4

}

8.8.4.4 AdaptVLCTable1()

o~y

daptVLCTablel( )is used for choosing VLC code tables when there are exactly two code tables. In this|case, the
ndex Tablelndex takes only the values 0 or 1, and there is only one paraméter (DiscrimVall) which dgtermines
he selection of VLC code tables. DeltaTablelndex takes only the value 0, andthere is only the one deltaDigc table.

. -

Table 101 — Pseudocode for function AdaptVLCTable1()

AdaptVLCTable1(sAdaptVLC) { Reference
/* sAdaptVLC is an instance of the AdaptiveVLC data structure */
iMaxTableIndex = 1 /* Only two code tables */
cLowerBound = -8
cUpperBound = 8
/* sAdaptVLC.DeltaTablelndex = 0, since only 2 code tables */
if (sAdaptVLC.DiscrimVall < cLowerBound &&

sAdaptVLC.Tablelndex != 0)§
sAdaptVLC.Tablelndex— -
sAdaptVLC.DiscrimVally= 0
} else if (sAdaptVLC.DiscrimVall > cUpperBound &&
sAdaptVLC.TableIndex != iMaxTableIndex ) {
sAdaptVLCTablelndex++
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

}
.84.5 AdaptVL.CTable2()

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.
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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

8.9
8.9.1 (

The pars

1f (1DiscrimLow < 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.TableIndex

} else {

sAdaptVLC.DeltaTablelndex = sAdaptVLC.Tahlelndex - 1

sAdaptVLC.Delta2Tablelndex = sAdaptVLE.TableIndex

}

} else { /* no change to table, but clip the dis¢criminant */

if (sAdaptVLC.DiscrimVall < -64)

sAdaptVLC.DiscrimVall = -64

if (sAdaptVLC.DiscrimVall > 64)

sAdaptVLC.DiscrimVall='64

if (sAdaptVLC.DiscrimVal2 <=64)

sAdaptVLC.DiscrimVal2 = -64

if (sAdaptVLC.DiscfimVal2 > 64)

sAdaptVLC.DiscrimVal2 = 64

}

return sAdaptVEC

}

Adaptationof CBPLP state variables

reneral

ng of CBPLP depends on the value of the variables CountZeroCBPLP and CountMaxCBPLP. The functiors

specified

94
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8.9.2 InitializeCountCBPLP()

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()

Tihe function UpdateCountCBPLP( ) updates the variables CountZeroCBPLP and CountMaxCBPLP. The ps¢udocode
r this function is specified in Table 104.

=2

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})J)

}
8.10 Adaptive CBPHP prediction

A

BPHP prediction depends on the value of member variables of the data structure instance CBPHPMod¢lHP. The
inctions specified in this subclause specify the initialization and updating of this data structure.

-

8.10.1 InitializeCBPHPModel()

—

he data structure instance CBPHPModelHP is initialized in the function InitializeCBPHPModel( ) spgcified in
able 105.

—3

Table 105 — Pseudocode for function InitializeCBPHPModel( )

InitializeCBPHPModel( ) { Reference
CBPHPModelHP.CBPHPState[0] = CBPHPModelHP.CBPHPState[1] = 0
CBPHPModelHP.CountOnes[0] = CBPHPModelHP.CountOnes[1] = -4
CBPHPModelHP.CountZeroes[0] = CBPHPModelHP.CountZeroes[1] = 4
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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
GBRPHPMeodelHP-CountOnesti+=—iNOrig—iNDiff
CBPHPModelHP.CountOnes[i] = Clip(CBPHPModelHP.CountOnes[i], -16,15)
CBPHPModelHP.CountZeroes|i] += 16 - iNOrig — iNDiff
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 [Adaptive inverse scanning

[¢’)

The parsiing of syntax elements corresponding to LP and HP coeffiCients depends on the state of the invers
scanning| tables LowpassScanOrder([i], HighpassHorScanOrder[i],“and HighpassVerScanOrder[i]. The function
specified|in this subclause define the initialization and updating-of‘these tables.

[72)

8.11.1 Adaptive inverse scanning tables

—

The invefse scanning order of transform coefficients)is a permutation of the integers 1 to 15. Let the integer
represenf the order in which a given transformi-coefficient is parsed from the codestream, and let the locj
example |ist listScanOrder[ ] specify an inverse.scanning order as follows: the i-th transform coefficient is put inf
the blocKin the j-th position in raster scan order, where j is equal to listScanOrder([i].

o =

The threg lists LowpassScanOrder| ],HighpassHorScanOrder][ ], and HighpassVerScanOrder][ ], are used to specifly
the inverfe scanning order of LP coefficients, HP coefficients in the case of prediction from the left (subclause 9.6
and HP cpefficients in the case of prediction from the top, respectively. These lists are initialized to scan orders 3
specified|below. However, thé-lists are adaptive, and thus may change over the course of parsing, based on th
statistics|of non-zero transferm coefficients in the codestream.

)
S
S

The threp lists LowpassScanOrder][ ], HighpassHorScanOrder[ ], and HighpassVerScanOrder][ | are initialized 3
specified|in subclauses 8.11.2 and 8.11.3. The initial orders are specified by the two lists ScanOrder0[ ] an|
ScanOrdgr1[ ], which are specified by Table 107.

[eP7)

Table 107 — Definitions of ScanOrder0 and ScanOrder1

i 1 2 3 4 5 6 7| 8 9 1 1
0 1

NNe
w
NS
vl

ScanOrderO[i] 4 1 5 8 2 9 6 |12 | 3 | 10| 13 14 | 11 | 15

ScanOrder1[i] 1 2 5 4 3 6 9 8 7 (12 )115(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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i

2 3 4 5 6 7 8 9 |10

11

12

13

14

15

ScanTotals[i] 32| 30

28

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.

11.2 InitializeAdaptiveScanlL.P()

»_—

pecified in Table 109.

he adaptive inverse scanning tables for LP coefficients are initialized in the function InitializeAdaptive

Table 109 — Pseudocode for function InitializeAdaptiveScanLP ()

ScanLP()

InitializeAdaptiveScanLP( ) {

Reference

for (i=1;i<=15;i++){

LowpassScanOrder(i] = ScanOrder0[i]

ScanOrder0[i] spe¢ified in subclause 8.11.1

LowpassTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

)

8.11.3 InitializeAdaptiveScanHP()

n

pecified in Table 110.

he adaptive inverse scanning tables for HP coefficients are initialized in the function InitializeAdaptive$

Table 110 — Pseudocode for function InitializeAdaptiveScanHP( )

canHP()

InitializeAdaptiveScanHP( ) {

Reference

for (i=1;i<=15;i++){

HighpassHorScanOrder([i] = ScanOvder0[i]

ScanOrder0

—

i] specified in subclause 8.11.1

HighpassVerScanOrder[i] = ScanOrder1[i]

ScanOrder1l

—

i] specified in subclause 8.11.1

HighpassHorTotals[i] = SeanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

HighpassVerTotals[i] = ScanTotals[i]

— }—

ScanTotals[i] specified in subclause 8.11.1

}

= =

8.11.4 ResetTotalsAdaptiveScanLP()

he list LowpassTotals of the adaptive inverse scanning tables for LP coefficients is reset in the
esetTotalsAdaptiveScanLP( ) specified in Table 111.

Table 111 — Pseudocode for function ResetTotalsAdaptiveScanLP()

function

ResetTotalsAdaptiveScanLP( ) {

Reference

for (i=1;i<=15;i++)

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++){
HichnaccHorTotalcli] — CoanTaraloli] SecanTotalelil cnacifiadin-csubelauca 811 1
HishpassHerFotalsti}=SeanTotalsH] SeanTotalsti}specifiedinsubelause 8411
HighpassVerTotals[i] = ScanTotals[i] ScanTotals[i] specified in subclause 8.11.1
}
i

8.11.6 AdaptiveLPScan()

The fundtion AdaptiveLPScan() updates the list LPInput[Kk], and also updates the variablés, associated with
tracking gnd 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] = LowpassScanOrderpfi=1]
LowpassScanOrder[i-1] = valueTemp

}
8.11.7 AdaptiveHPScan()

The fundtion AdaptiveHPScan() updates. the list HPInputVLC[iComponent][iBlock][K], and also updates th
variables| associated with tracking Yand modifying the HP scan orders HighpassHorScanOrder[i] an
HighpassVerScanOrder([i] as specifiedin Table 114.

Qo
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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[1-1]

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] = HighpassHorScanQOrder[i-1]

HighpassHorScanOrder[i-1] = valueTemp

}

o N N

NOTE  See subclause 9.6 for more information.
8.12  Adaptive coefficient normalization

8.12.1 InitializeModelMB( )

— —]

able 115:

he variable MBHPMode is computed during the HP prediction direction computation process sp
iibclause 9.6.3.2. The scan order is selected-based on the value of the variable MBHPMode. Adaptivel
hall only be invoked on a macroblogk, after the HP prediction direction computation process sp
ibclause 9.6.3.2 has been invoked and~completed for this macroblock. The HP prediction direction pro
e invoked only after the completion of the LP transform coefficient parsing process.

he initialization of the Model data structure is specified by the function InitializeModelMB() as sp

Table 115 — Pseudocode for function InitializeModelMB( )

ecified in
{PScan()
pcified in
Cess shall

bcified in

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},

19,16,8,5,4,3,3,2,2,2,2,1,1,1,1,1}

}

iWeight2[6] = {120, 37, 2 /*YUV420*/,120, 18, 1 /*YUV422*/}

iLapMean[0] *= iWeight0[iBand]

if INTERNAL_CLR_FMT = =YUV420)

iLapMean|[1] *= iWeight2[iBand]

else if INTERNAL_CLR_FMT = = YUV422)

iLapMean[1] *= iWeight2[3 + iBand]

else {

iLapMean[1] *= iWeight1[iBand][NumComponents - 1]

if (iBand = = 2)

iLapMean[1] >>= 4

}

iNumModels = 2

if INTERNAL_CLR_FMT = = YONLY)

iNumModels = 1

for (j = 0; j <iNumMaodels; 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[j] >= 15) {

Model.MBits[j] = 15

ivMS—38

} 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
cptrestream—syihta ETeIre1Its: his—ine € ”;';".‘2‘ ariabtes v daptive—V selection
cpefficient normalization, and other related information. The processes in this clause therefore are-wriktten with
the assumption that, when they are invoked, the input variables required for this process have(beén |correctly
plarsed from the codestream.

o =4 Vd ap O aaaptIv

—

he decoding process is specified so that the decoded samples from any two JPEG XR decoders will be numerically
glentical. Any decoder which produces results that match the process specified here conforms to the reqyirements
of this document.

—-

The image decoding process proceeds as specified in subclause 9.2.

0

.2 Image decoding

Tlhe outputs of this process are the output samples of the image.

—3

he image decoding process proceeds as in Table 117.

Table 117 — Pseudocode for.function ImageDecoding( )

ImageDecoding() { Reference
ImagePlaneDecoding( ) 9.3
/* resulting sample values are stored.in the variables ImagePlane[i][x][y] */
if ((OUTPUT_CLR_FMT = = RGB) &&
((OUTPUT_BITDEPTH == BD5)).| | (OUTPUT_BITDEPTH = = BD565) | |
(OUTPUT_BITDEPTH = = BD10))) /* Packed RGB */
outputArrays = 1
else if ((OUTPUT_CLR_EMT ==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{1=20; i < outputArrays; i++) {
if (1 > 0) && (OUTPUT_CLR_FMT = = YUV420))
outputHeight = (HEIGHT_MINUS1 +1) / 2
else
outputHeight = HEIGHT_MINUS1 + 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)
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NOTE

TRUE, the
correspon
being use

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]

Throughout the parsing of syntax elements in Clause 8, it is assumed that if ALPHA_IMAGE_PLANE_FLAG is equal to

9.3 Image plane decoding

This prodess is invoked for each image plane.

The outp

The image plane decoding process proceeds as specified in Table 118.

ImagePlaneDecoding() { Reference
ImagePlaneDCQP() 9.7.1.1
ImagePlaneLPQP() 9.7.2.1
ImagePlaneHPQP() 9.7.3.1
for (TileIndexy = 0; TileIndexy < NumTileRows; TileIndexy++)

for (TileIndexx = 0; TileIndexx < NumTileCols; TileIndexx++)
TileTransformCoefficientProcessing( ) 9.4.1
/* At this point, transform coefficients for the entire image plane have
been obtained */
SampleReconstruction( ) 9.9.1
/* This process performs both levels ofithe inverse transform and overlap
operations on the entire image */
OutputFormatting( ) 9.10.2
i
9.4 Tile transform coefficientprocessing
9.4.1 OQverview
This progess is invoked, for each tile. The inputs to this process are the horizontal and vertical indices of thie

re are two sets of parsed syntax elements: one set corresponding to the primary image plane, and one.s¢t
ding to the alpha image plane. In the same manner, this subclause assumes that there are two sets of global variablgs
| in the decoding process, corresponding to the primary and alpha image planes, respectively.

its of this process are the decoded samples for this image plane, ImagePlane[i] [x][y].

Table 118 — Pseudocode for function ImagePlaneDecoding( )

current t]le.

The outp

The trangform coefficient processing proceeds as specified in Table 119.

102

lts of this*process are transform coefficients for each macroblock in the tile.
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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( ) 94'p
LPTransformCoefficientDecoding( ) 9.4.8
HPTransformCoefficientDecoding( ) 9.4.4
n+=1

)

=z

OTE  The computation of the global variable MBHPMode is dependent upon the completion of the LP transform
dlecoding process. MBHPMode is computed at the beginning of the HP coefficient decoding{rocess.

9.4.2 DC transform coefficient decoding

Tlhe outputs of this process are DC transform coefficients for each colour’component of the current macrg

—3

he DC transform coefficient processing proceeds as specified in{Table 120.

Table 120 — Pseudocode for function. D€TransformCoefficientDecoding( )

DCTransformCoefficientDecoding(\) { Reference
DCMBCoefficientRemap( ) 9.5.1
DCPredictionGeneral( ) 9.6.1.1
DequantizeDCCoefficients()) 9.8.1

}

9.4.3 Low-pass transform coefficient decoding

—

he outputs of this process are LE transform coefficients for each colour component of the current macro
Tlhe LP transform coefficientprocessing proceeds as specified in Table 121.

Table121 — Pseudocode for function LPTransformCoefficientDecoding( )

coefficient

block.

block.

LPTransformCoefficientDecoding( ) { Reference
LPMBCoefficientRemap( ) 9.5.2
LPPredictionGeneral() 9.6.2.1
DequantizeLPCoefficients( ) 9.8.2
}
44 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 macro

The HP transform coefficient processing proceeds as specified in Table 122.
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9.5

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

Coefficient remapping

This subg
951 1

Input to {
MBy, whi

Output o
compone

NOTE 1

The valug

952 1

Inputs to
each colo

Output g
coefficier

The LP ¢

lause specifies the coefficient remapping processes for DC, LP and HP coefficients.
DC coefficient remapping

his process is a list DCInput[i] of DC level values for each colour component i, and the variables MBx and
ch identify the current macroblock.

F this process is the list of values MbDCLP[MBx][MBy][i][0], of DC transform coefficients, for each coloy
nt i of the current macroblock.

—

'he values DCInput[i] are the outputs of the MB_DC( ) syntax structure of subclause’8.7.11.
s in the array MbDCLP[MBx][MBy][i][0] are set by Table 123.

Table 123 — Pseudocode for function DCMBCoefficientRemap( )

DCMBCoefficientRemap() { Reference
for (i = 0; i < NumComponents; i++)
MbDCLP[MBx][MBy][i][0] = DCInput{]

}
Low-pass coefficient remapping

this process are a list of variables LPInput[i][j] which hold the j-th LP transform coefficient value fg
ur component i.

—

f this process is the array of \variables MbDCLP[MBx][MBy][i][j] which hold the j-th LP transform
ts, indexed in raster scan order, of colour component i.

efficient remapping priocess proceeds as specified by Table 124.

104
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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] =

}
.5.3 High-pass macroblock coefficient remapping

0

Tihe HP coefficient remapping process proceeds as in Table 125.

Table 125 — Pseudocodefor function HPMBCoefficientRemap( )

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

if (i!= 0 && INTERNALLELR _FMT = = YUV420)
jMax = 3

else if (i != 0 &&INTERNAL_CLR_FMT = = YUV422)
jMax =(7

else
jMax =15

for{j=0; j <= jMax; j++)
HPBlockCoefficientRemap(i, j) 9.5.4

X
.5.4 High-pass block coefficient remapping

o]

HPInputFlex[currentComponent][blkIndeX][]] 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.
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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 | |

9.6 Tra
9.6.1 1}
9.6.1.1

Four mog
— Predi
— Predi
— Predi

— No pr

The prediction mode is determined-from the position of the macroblock, as well as the DC values to the left, to|

and top-1
chroma g

BANDS_PRESENT ==NOFLEXEITS)

MBBuffer[MBx][MBy][currentComponent][Kk] =
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]

}
nsform coefficient prediction

DC coefficient prediction

Overview of DC prediction

les are defined for the prediction of the DC coefficient of;a macroblock. These modes are:
't from left

't from top

't from left and top

pdiction

eft of the macroblock. Further, if the image has chroma components, the corresponding DC values of th
omponents are also used:

9.6.1.2

Inputs to
the valug
IsMBLeft]
IsMBTop

DCPredictionGeneral()

this process are the Boolean variables IsMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, as well g
bs MbDELP[MBx][MBy][i][0], for each colour component i of the current macroblock. The variabl
FdgeofTileFlag is equal to TRUE when the current macroblock is at the left edge of the tilg
EdgeofTileFlag is equal to TRUE when the current macroblock is at the top edge of the current tile.

D wn

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 DCp

106

rediction 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
hputs—to—this—process—are—the—variablesIsMBLeftEdgeofTileFlag—andIsMBTopEdgeofTileklag—and—the values

QT =

plour component i.

oD O

—3

e
hat =)
n

he DC prediction direction process proceeds as shown by Table 128.

Table 128 — Pseudocode for function CalcDCPredMode( )

redDCLP[MBx-1][MBy][i][0], PredDCLP[MBx][MBy-1][i][0], and PredDCLP[MBx-1][MBy-1][i][0],

utput of this process is the value of MBDCMode. The possible values of MBDCMode are as follows: 0
rediction from the left macroblock, 1 specifies prediction from the top macroblock, 2 specifies predic
oth the top and left macroblocks, and 3 specifies no prediction.

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 fromJeft only */

else /* if (IsMBLeftEdgeofTileFlag == FALSE &&
IsMBTopEdgeofTileFlag = = FALSE) */ {

iLeft = PredDCLP[MBx-1J[MBy][0][0]

iTop = PredDCLP[MBx]{MBy-1][0][0]

iTopLeft = PredDCEP{MBx-1][MBy-1][0][0]

if INTERNAL_CLR'FMT ==Y _ONLY | |

INTERNALL.CLR_FMT = =NCOMPONENT) {

iStrHor,="Abs(iTopLeft - iLeft)

iStrVer = Abs(iTopLeft - iTop)

} else{

iLeftU = PredDCLP[MBx-1][MBy][1][0]

iTopU = PredDCLP[MBx][MBy-1][1]][0]

iTopLeftU = PredDCLP[MBx-1][MBy-1][1][0]

iLeftV = PredDCLP[MBx-1][MBy][2][0]

iTopV = PredDCLP[MBx][MBy-1][2][0]

iTopLeftV = PredDCLP[MBx-1][MBy-1][2][0]

iScale = 2

for each

specifies
ion from

if (INTF‘RNAI CLR EMT == VIIVA'){\)

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 prodess occurs when MBDCMode is not equal to 3.

Inputs to|this process are the variable MBDCMode representing the DC prediction direction, and the,array variabl

MbDCLP|MBx][MBy][i][0] for each colour component i.

Outputs fo this process are the updated values MbDCLP[MBx][MBy][i][0], for each colguy component i of thle

current macroblock.

The DC coefficient prediction process proceeds according to Table 129.

Table 129 — Pseudocode for function DCCoefficientPrediction( )

[¢)

DCCoefficientPrediction() {

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 (== 0) | | (INTERNAL_CLR'FMT != YUV420) &&
(INTERNAL_CLR_FMT !='YUV422))

MbDCLP[MBx][MBy][i][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 D€ prediction variables

Outputs of this-process are the updated variables PredDCLP[MBx][MBy][i], for each colour component i, where

MBx and [MByrare 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]

108
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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;

1— No prediction when MBLPMode is equal to 2.

—3

he LP coefficient prediction mode (MBLPMode) is determined by the DC coefficient predictiopymode,| together
hith the quantization parameters of both the current block and the block from which the' DC valpies were
piredicted.

<

—

his rule ensures that prediction of LP coefficients does not take place across macroblocks with |different
uantization parameters.

Ne

ot all of the LP coefficients associated with a macroblock are predicted. The definition and indices of [JC and LP
pefficients that are predicted is shown in Figure 5. The DC coefficient of'the blocks shown in dark gray is at
osition 0, and the LP coefficients that can be predicted are shown in light\gray. For the colour format YUV422, the
P coefficient associated with position 5 is predicted from position @&yin Figure 5. if MBDCMode is equal to 1,
rrespective of the value of MBLPMode, and the LP coefficient associated with position 4 (indicated by crpsshatch)
hn be predicted from both top and left.

Q o 0D o =z

G
0o | 1 2 | 3 o] 1 0o | 1
N

2
8 | 9 | 10 | 11 /5
6

12 13 14 15

a) b) )

Figure 5 — DC and LP coefficients in (a) 4x4, (b) 422 chroma, and (c) 420 chroma block

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.

© ISO/IEC 2019 - All rights reserved 109


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

ISO/IEC 29199-2:2020(E)

The LP prediction process proceeds as in Table 131.

9.6.2.3

Table 131 — Pseudocode for function LPPredictionGeneral( )

LPPredictionGeneral() { Reference
CalcLPPredMode() 9.6.2.3
LPCoefficientPrediction( ) 9.6.2.4
UpdateLPPredictionVariables( ) 9.6.2.5

)

Low-pass prediction direction computation

Inputs to

Output t¢ this process is the value of MBLPMode. The possible values of MBLPMode are as follows: the value
Ls prediction from the left macroblock, the value 1 represents prediction from the top macroblock, an|

represen
the value]

The LP p

D
pPoaoopreate patat

2 represents no prediction.

rediction direction process proceeds as in Table 132.

this process are the variables MBDCMode and MBQPIndexLP[MBx][MBy].

Table 132 — Pseudocode for function CalcLPPredModé(Y)

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

Inputs to
and MBy

Outputs

The LP c

Low-pass coefficient prediction

efficient prediction, process proceeds as in Table 133.

this process are: the variable MBLPMede representing the LP prediction direction; the variables MB
which index the current macroblock.in the image; and the variables PredDCLP[MBx][MBy][i][j]-

Lo this process are the updated values MbDCLP[MBx][MBy][i][j], for each colour component i of th
current macroblock, and j an index feferencing the LP transform coefficients, indexed in raster scan order.

Table 133 — Pseudocode for function LPCoefficientPrediction( )

LPCoefficientPrediction() {

Reference

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

if (i==0| | (INTERNAL_CLR_FMT != YUV420) &&
(INTERNAL_CLR_FMT != YUV422))) {

EMDIDMAJdA . _ N [

Q. O

T 1ot O

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]
/* 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 for{j=1*/

}

et

indexes j.

9.6.2.5 Update of low-pass prediction variables

Tlhe update of LP prediction variables process proceeds’as in Table 134.

hputs to this process are the variables MBx and MBy, which indexX the current macroblock in the image.

Qutputs of this process are the variables PredDCLP[MBx][MBy¥][i][j], for each colour component i, and s

Table 134 — Pseudocode for function UpdateLPPredictionVariables()

UpdateLPPredictionVariables()/{

Reference

for (i = 0; i < NumComponents; 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]

PredDCLP[MBx][MBy][i][4] = MbDCLP[MBx][MBy][i][4]

RredDCLP[MBx][MBy][i][5] = MbDCLP[MBx][MBy][i][8]

PredDCLP[MBx][MBy][i][6] = MbDCLP[MBx][MBy][i][12]
Yelse 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]l[2] = MbDCLP[MBx][MBy][i][2]

lected LP

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]

© ISO/IEC 2019 - All rights reserved

111


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

ISO/IEC 29199-2:2020(E)

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.

=3

Informatjon in the LP transform coefficients is used to compute a simple metric to determine the orientation
prediction of HP coefficients associated with each macroblock. Three modes are defined for the predictiomof‘th
HP coefficients of the outer transform. The same mode is used for all blocks within a macroblock for which iy
macrobldck prediction is possible. For blocks that have no valid reference within the macroblock, null predictio
is used. Tlhe three modes are:

[¢’)

=]

— Predi¢tion from left when MBHPMode is equal to 0
— Predi¢tion from top when MBHPMode is equal to 1
— No prgdiction when MBHPMode is equal to 2

Predictiopn from left is shown in Figure 6. Prediction from top is similar, with the‘pattern of arrows transposed to
point doywnwards.
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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.

ISO/IEC 29199-2:2020(E)

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])

Q = 0

o

iStrver = Abs(MbDCLP[MBx][MBy][0][4]) +
Abs(MbDCLP[MBx][MBy][0][8]) +
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 */

}

.6.3.3 High-pass prediction

puts to this process are: the-wariable MBHPMode, which indicates the HP prediction direction; the values MBx
Ind MBy, which index the current macroblock in the image; and the values MBBuffer[MBx][MBy][i][j], w|
he HP transform coefficients obtained from the HP coefficient remapping process of subclause 9.5.3. Th
f this process are thecupdated values MBBuffer[MBx][MBy][i][k] of HP transform coefficients.

hich hold
e outputs
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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[ ] = {1,2,3,5,6,7,9,10,11,13,14,15}

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]

}

}

if INTERNAL_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*blkId[]j] + 4] +=
MBBuffep[MBx][MBy][i][16*(bIkId[j] = 1) + 4]

MBBuffer[MBx][MBy][i][16*bIkId[j] + 8] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 1) + 8]

MBBuffer[MBx][MBy][i][16*bIKId[j] + 12] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 1) + 12]

}

} else/if (MBHPMode = = 1) {

bikid[ ] = {2,3}

for (j=0;j<2;j++) {

MBBuffer[MBx][MBy][i][16*bIkId[j] + 1] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] - 2) + 1]

MBBuffer[MBx][MBy][i][16*blkId[j] + 2] +=

MBBuffer[MBx][MBy][i][16*(blkld[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}

= 0O O — 0

—

—

lane.

OTE

forj=0;)<06;)++) 1

MBBuffer[MBx][MBy][i][16*blkId[j] + 1] +=
MBBuffer[MBx][MBy][i][16*(blkId[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]

}

.7 Derivation of quantization parameters
.7.1 Derivation of DC quantization parameters

.7.1.1 Image plane level derivation of DC quantization parameters

his process derives the array DCQuantParam[i] of image plane level DC quantization parameters for ea
pmponent i, if these parameters are specified atithe image plane level; otherwise, it does nothing,
kpected that the tile-level derivation process will) derive the array DCQuantParam[i], for each tile in t

he image plane level derivation process-of DC quantization parameters proceeds as in Table 137.

Table 137 — Pseudocode for function ImagePlaneDCQP()

ImagePlaneDCQP(() { Reference
if (DC_IMAGE'\PI!ANE_UNIFORM_FLAG = = TRUE)
AssignDCQuantizationParameters( ) 9.7.1.3
}

If DC_IMAGE_PLANE_UNIFORM_FLAG is equal to FALSE, the quantization parameters are specified at tile ley

.7.1.2 Tile'level derivation of DC quantization parameters

thése'parameters are specified at the tile level, this process derives the array DCQuantParam[i] of tile
uantization parameters for each colour component i. Otherwise, it does nothing and it is assumed that

ch colour
and it is
he image

rel.

-level DC

he 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
}
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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.

9.7.2 Derivation of low-pass quantization parameters

9.7.2.1

This pro
colour co
the value
these qu4
that the tf

The imag

NOTE1 ¥
NOTE 2 |

9.7.2.2

This pro
compone

Table 139 — Pseudocode for function AssignDCQuantizationParameters( )

AssignDCQuantizationParameters( ) { Reference
if (COMPONENT_MODE = = UNIFORM)
for (i = 0; i <=NumComponents—1; i++)
DCQuantParam|[i] = DC_QUANT
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]

}

Image plane level derivation of low-pass quantization parameters

fess derives the values LPQuantParam[i][j] of image plane lével”LP quantization parameters, for each
mponent i, and each allowable index j (for image plane levelLP quantization parameters, j can only take
0). These values are derived if LP_IMAGE_PLANE_UNIFORM/FLAG is equal to TRUE, which indicates th3t
ntization parameters are specified at the image plane lével; otherwise, it does nothing, and it is expected
le-level derivation process will derive the array LPQuantParam[i][j], for each tile in the image plane.

e 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
}

Vhen LP_IMAGE_PLANE-UNIFORM_FLAG is equal to TRUE, NumLPQPs is always equal to 1.

f LP_IMAGE_PLANENUNIFORM_FLAG is equal to FALSE, quantization parameters are set at the tile level.
Tile level-derivation of low-pass quantization parameters

Cess,derives the values LPQuantParam]i][j] of tile-level LP quantization parameters, for each coloy
nt”i, and each allowable index j (ranging from 0 to NumLPQPs-1). These values are derived if thes

D =

£

quantiza

—

H 'S 16 ad £ 431 1 ] £l H | £l d+h H 1 1
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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( ) 9.7.2.3

}

=z

parameters were set at image plane level.
9.7.2.3 Assignment of low-pass quantization parameters
Thhe assignment process of LP quantization parameters proceeds as in Table 142

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 = = SEPARATEJ{
LPQuantParam[0][j] = LP_QUANT_LUMA[j]
for (i = 1; i <=NumComponents¢1;i++)
LPQuantParam[i][j] = LP~-QUANT_CHROMA[j]
} else if (COMPONENT_MODE &= INDEPENDENT)
for (i = 0; i <=NumComponents—1; i++)
LPQuantParam{i]fj] = LP_QUANT_CH[i][j]

}
9.7.3 Derivation of high-pass quantization parameters

\0

.7.3.1 Image plane(level derivation of high-pass quantization parameters

his process derives/the values HPQuantParam([i][j] of image plane level HP quantization parameters
plour component’i, and each allowable index j. These values are derived if these quantization param
pecified at the'image plane level; otherwise, it does nothing, and it is expected that the tile-level d
rocess will derive the array HPQuantParam([i][j], for each tile in the image plane.

ho Bl ol |

—3

heimage plane level derivation process of HP quantization parameters proceeds as in Table 143.

OTE  When LP_IMAGE_PLANE_UNIFORM_FLAG is equal to TRUE, nothing is done in this functien,/because quantization

for each
eters are
erivation

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.

© ISO/IEC 2019 - All rights reserved

117


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

ISO/IEC 29199-2:2020(E)

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 quantizatio
parametefs were set at image plane level.

=

9.7.3.3 |Assignment of high-pass quantization parameters
The assignment process of HP quantization parameters proceeds‘as in Table 145.

Table 145 — Pseudocode for function'AssignHPQuantizationParameters( )

AssignHPQuantizationParameters( ) { Reference
for (j = 0; j < NumHPQPs; j++) {
if (COMPONENT_MODE = = UNJEQRM)
for (i = 0; i <=NumComponents-1; i++)
HPQuantParam[i]{j] = HP_QUANT]j]
else if (COMPONENT MODE = = SEPARATE) {
HPQuantParanm|[0][j] = HP_QUANT_LUMA]Jj]
for (i=1;i <=NumComponents-1; i++)
HPQuantParam[i][j] = HP_QUANT_CHROMAJj]
} else if (COMPONENT_MODE = = INDEPENDENT)
for.(i = 0; i <=NumComponents-1; i++)
HPQuantParam[i][j] = HP_QUANT_CHi][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.

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]

}
9.8.2 Dequantization of low-pass coefficients

This process is applied for the LP coefficients of an entire macroblock, for all eelour components.

hputs to this process are the values LPQuantParam[i][j] of LP quantization parameters, for eag
pmponent i and index j; the quantization parameter indek) MBQPIndexLP[MBx][MBy]; tk
[bDCLP[MBx][MBy][i][j] of LP transform coefficients, with i representing the colour component, and j re
he LP transform coefficients, indexed in raster scan order.

4=z o =

Qo

utput of this process is an array of scaled LP transform*ceefficients MbDCLP[MBx][MBy][i][j], for ea
pmponent i and index j ranging from 1 to 15, referencingthe respective LP transform coefficient.

(@]

Tlhe dequantization process for LP coefficients proceeds as in Table 147.

Table 147 — Pseudocode for function DequantizeLPCoefficients( )

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

k = MBQPIndexLP[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 (i’= = 0) /* Luma Component */
for (j=1;j<=15;j++)
MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBy][i][j] * iQuantScalingFactor([i]
else if ((INTERNAL_CLR_FMT !=YUV422) &&
(INTERNAL_CLR_FMT !=YUV420))
for (j=1;j<=15;j++)

h colour
e array
ferencing

th colour

MBbDCLP[MBX][MByIIG] =
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 processis an array of scaled HP transform coefficients MRRHFFPY[MRY] [MRy] [1][}]’ 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] X
iQuantScalingFactorfi]
else if (INTERNAL_CLR_FMT != YUV422) &&
(INTERNAL_CLR_FMT !=YUV420))
for (blkindex = 0; blkindex <= 15; blkIndex++)
for (j=1;j<=15;j++)
MBBuffer[MBx][MBy][i][16*blkindex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantScalingFactox]i]
else if INTERNAL_CLR_FMT = =YUV422)
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] *
iQuantScalingFactorf(i]
else /* if (INTERNAL_CLR_FMT = =YUV420) */
for (blkIndex = 0; blkIndex <= 3; blkIndex++)
for (j/=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)

w =

It

Q

{QuantSealinglactorResult=1

else if (ISCALED_FLAG) {

iNotScaledShift = -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

}

OTE

.9 Sample reconstruction

9.1 Overview

utputs of this process are the decoded samples for the image plane.

The input parameter iScaledShift takes the value of either 0 or 1, dependent on the component and ba
CALED_FLAG is equal to TRUE;~the' quantization scaling factor value can be modified by a power of 2. See thg
ibclause 9.9.2.

hputs to this process are the values MbDCLP[MBx][MBy][i][j] and MBBuffer[MBx][MBy][i][j] for the ent
plane, anidthe syntax element OVERLAP_MODE.
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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

i

NOTE Because the first-level overlap filtering process in general involves interaction with adjacent macroblecks, the firsf
level trangform process must be complete for these adjacent macroblocks, prior to the overlap filtering procéss being invoke
This precg¢dence relationship also holds between the second level processes: the second level's transfonm*process must 4

o =

complete

9.9.2

Inputs to

or the adjacent macroblocks prior to the second level overlap filtering process.

‘irst level inverse transform

this process are the values MbDCLP[MBx][MBy][i][j] for the entire colour€emponent.

Outputs Yo this process are the modified values MbDCLP[MBx][MBy][i][j] for thé current macroblock.

The first-

level inverse transform process is specified as in Table 151.

Table 151 — Pseudocode for function FirstLevellnverseTransform()

Fi

I

1

stLevellnverseTransform( ) {

Reference

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

for (MBy = 0; MBy < MBHeight; MBy++)

for (MBx = 0; MBx < MBWidth; MBx++)

if (i==0) | | (INTERNAL_CLR_FMT I= YUV420) &&
(INTERNAL_CLR_FMT != YUV422)) {

1CT4x4(MbDCLP[MBx][MBy][i][])

9.9.7.1

if ((i > 0) && SCALED_FLAG)

for (j = 0;j s=15; j++)

MbPCEP{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

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][1], MbDCLP[MBx][MBy][i][2]}

InVRermuteZpt(arrayLocal[ ])

9.9.7.6

MbDCLP[MBx][MBYy][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][j]

1 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 ((1>0) && SCALED_FLAG)
for (j=0;j<=7;j++)
MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i][j]

OTE  The purpose of the multiplication by 2 for Chroma components, in circumstances where scaling is invdlved, is to
b-normalize the chroma with respect to the Y component. Due to possible conversion from RGB to YUV during encofling, the U
hd V components may have a numerical range that has increased by one bit. If SCALED _FLAG is equal to TRUE, the dynamic
hnge of the (DC and LP) U and V component values could potentially grow beyond, 16’ bits, due to the numerical range
kpansion associated with the two levels of transform on the encode side (for the BC and LP coefficients). Therefore, the
uantization parameter for these chroma components is set to half the value used-for luma components. The coeffjcients are
Faled by this factor of two at the end of the first-level transform process.

v .o o5 L s =

9.9.3 Firstlevel overlap filtering

9.9.3.1 Overview

=z

OTE The process specification below formalizes the geomiétric nature of the overlap filtering process. The varjious cases
e described below:

QD

- interior: At every point where four 4x4 blocks meet in a corner, the 4x4 overlap filter process is applied to the|4x4 block
straddling these four blocks evenly (i.e., overlapping with a 2x2 corner of each block). When HARD_TILING_FLAG is equal
to FALSE, the 4x4 overlap filter process is applied across tile boundaries as well.

— top and bottom two rows: Along both'the top two sample rows and the bottom two sample rows, a 4-point overlap filter
process is applied evenly across“adjacent block boundaries (overlapping with a 1x2 strip of each blo¢k). When
HARD_TILING_FLAG is equal to, TRUE, the 4-point overlap filter process is applied across the top 2 rows and bottom 2
rows of tiles as well.

—+ right-most and left-most*two columns: Along both the left-most two sample columns and the right-most tyo sample
columns, a 4-point overlap filter process is applied evenly across adjacent block boundaries (overlapping with § 2x1 strip
of each block). When/HARD_TILING_FLAG is equal to TRUE, the 4-point overlap filter process is applied acros$ the top 2
columns and bottom 2 columns of tiles as well.

—+ four corners: Over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, a 4-point ove¢rlap filter
procesSiisiapplied in a raster scan order (top-left, top-right, bottom-left, then bottom-right). When HARD_TILING_FLAG is
equal'to’TRUE, the 4-point overlap filter process is applied to the four corners of each tile as well.

o=

dditionally, when INTERNAL_CLR_FMT is equal to either YUV422 or YUV420, alternate processes are considered for the

hroma components for each of the ahave cases These case are described helow-

a

— 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 MBH

Outputs to this process are the modified values MbDCLP[MBx][MBy][i][j] for the current macroblock.

The first-

eight.

level overlap filtering process is specified in Table 152.

Table 152 — Pseudocode for function FirstLevelOverlapFiltering( )

FirstLe

yelOverlapFiltering( ) {

Reference

for

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

f((i==0) || (UINTERNAL_CLR_FMT != YUV420) &&(INTERNAL_CLR_FMT != YUV422)))

FirstLevelOverlapFilteringPrimary(i)

9.9.3.2

lse if (INTERNAL_CLR_FMT = = YUV422)

FirstLevelOverlapFiltering422(i)

9.9.3.3

lse if (INTERNAL_CLR_FMT = = YUV420)

FirstLevelOverlapFiltering420(i)

9.9.3.4

)

9.9.3.2

Pseudocd

FirstLevelOverlapFilteringPrimary/( )
de for the function FirstLevelOverlapFilteringPrimary( ) is speeified in Table 153.

Table 153 — Pseudocode for function FirstLevelOverlapFilteringPrimary( )

FirstLe

yelOverlapFilteringPrimary(i) {

Reference

for

Ty = 0; Ty <= (NumTileRows — 1); Ty++) {

or (Tx = 0; Tx <= (NumTileCols - 1); Tx++) {

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] - 2); y++)

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++)

FirstLevelCallOverlapPostFilter4x4(i, x, y)

9.9.3.5

if ((Tx = = 0) | | (HARD_TILING_FLAG-==TRUE)) { /* Left edge */

x = LeftMBIndexOfTile[Tx]

for (y = TopMBIndexOfTile[Ty]; v <= TopMBIndexOfTile[Ty + 1] - 2; y++
y p Yy p y y

arrayLocal[ ] = {MbDCLP[x][y][i][8], MbDCLP[x][y][i][12],
MbDCLP[x][y+T][i][0], MbDCLP[x][y+1][i][4]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][g}}i}{8] = arrayLocal[0]

MbDCLP[g}{¥][i][12] = arrayLocal[1]

MbDCEP[x][y+1][i][0] = arrayLocal[2]

MbDELP[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]

MbDCLPIx][v][i][13] = arraylLocal[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

}

}

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]}15},
MbDCLP[x][y+1][i][3], MbDCLP[x][y+1][i][7]}

OverlapPostFilter4(arrayLocal[ ])

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) | | (HARD_TILING_FLAG = = TRUE)) { /* Bottom edge */

y = TopMBIndexOfTile[Ty + 1] =1

for (x = LeftMBIndexOfTile[TX]; x <= LeftMBIndexOfTile[Tx + 1] - 2; x++) {

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],
MbDCLP[x+1][y]fi][8], MbDCLP[x+1][y][i][9]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y}{i][10] = arrayLocal[0]

MbDCLP[x]y][i][11] = arrayLocal[1]

MbDGLP[x+1][y][i][8] = arrayLocal[2]

MbDELP[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][y][i][12] = arrayLocal[2]
MbDCLP[x+1][y][i][13] = arrayLocal[3]

1
J

}

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]
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FirstLevelOverlapFilteringPrimary (i) {

Reference

}

/* Top right corner */

if (((Tx = = NumTileCols - 1) && (Ty = = 0)) | | (HARD_TILING_FLAG = = TRUE)) {

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]

MbDCLPIx|]y]|[1]]3] = arrayLocal[1]

MbDCLP[x][y][i][6] = arrayLocal[2]

MbDCLP[x][y][i][7] = arrayLocal[3]

}

/* Bottom left corner */

if (((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]

}

if (((Tx == NumTileCols - 1) && (Ty = = NumTileRows - 1)) | |
(HARD_TILING_FLAG = = TRUE)) { /* Bottom right corner.*/

x = LeftMBIndexOfTile[Tx + 1] - 1

y = TopMBIndexOfTile[Ty + 1] - 1

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x]{3] [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] = arrayLocal{3]

}

if ((HARD_TILING_FLAG = =FALSE) && (Tx != NumTileCols - 1)) {
/* Right across for softtiles */

x = LeftMBIndexOfTile[Tx + 1] - 1

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] = 2); y++)

FirstLevelCallOverlapPostFilter4x4(i, x, y)

9.9.3.5

}

if (HARD_TILING_FLAG = = FALSE) && (Ty != NumTileRows - 1)) {
/* Bettom across for soft tiles */

y.=\TepMBIndexOfTile[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

}

/* Left edge for soft tiles */

if ((HARD_TILING_FLAG = = FALSE) && (Tx = = 0) && (Ty != NumTileRows - 1)) {

x = LeftMBIndexOfTile[Tx]

y = TopMBIndexOfTile[Ty + 1] - 1

arrayLocal[ ] = {MbDCLP[x][y][i][8], MbDCLP[x][y][i][12],
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Reference

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(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][9] = arrayLocal[0]

MbDCLP[x][y][i][13] = arrayLocal[1]

[x][
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x][y+1][i][5] = arrayLocal[3]

}

/* Top edge for soft tiles */

if (HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1) && (Ty = = 0)) {

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][yNi][7],
MbDCLP[x+1][y][i][4], MbDCLP[x+1][y][i][5}}

OverlapPostFilter4(arrayLocal[ ])

MbDCLP[x][y][i][6] = arrayLocal[0]

MbDCLP[x][y][i][7] = arrayLocal[1]

[
MbDCLP[x+1][y][i][4] = arrayLocal[2]
MbDCLP[x+1][y][i][5] = arrayLocal[3]

}

if ((HARD_TILING_FLAG = = FALSE) && (Tx = = NumTileCols - 1) &&
(Ty != NumTileRows - J)Ny/* Right edge for soft tiles */

x = LeftMBIndexOfTile[Tx'+ 1] - 1

y = TopMBIndexOfTile[Ty + 1] - 1

arrayLocal[ | = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][14],
MbDCLP[x][y*+1][i][2], MbDCLP[x][y+1][i][6]}

OverlapPpstFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][14] = arrayLocal[1]

MbDCLP[x][y+1][i][2] = arrayLocal[2]

MbDCLP[x][y+1][i][6] = arrayLocal[3]

arrayLocal[ | = {MbDCLP[x][y][i][11], MbDCLP[x][y][i][15],
MbDCLP[x][y+1][i][4], MbDCLP[x][y+1][i][7]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][11] = arrayLocal[0]

MbDCLP[x][y][i][15] = arrayl.ocal[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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FirstLevelOverlapFilteringPrimary (i) { Reference
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()

Pseudocqde for the function FirstLevelOverlapFiltering422( ) is specified in Table 154.

Table 154 — Pseudocode for function FirstLevelOverlapFiltering422()

FirstLeyelOverlapFiltering422(i) { Reference
for (Ty = 0; Ty <= (NumTileRows - 1); Ty ++) {
f((Ty ==0) | | (HARD_TILING_FLAG = = TRUE)) { /* Top edge */
/* OverlapPostFilter1 */
y = TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] —= MbDCLP[LeftMBindexOfTile[0]][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]{ilj0] —= MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][1]
MbDCLP[LeftMBIndexOfTile[Tx] ~4[y][i][1] -=
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][0]

}

f ((Ty == NumTileRows - 1) | | fHARD_TILING_FLAG = = TRUE)) { /* Bottom edge */
/* OverlapPostFilter1 */
y = TopMBIndexOfTilefTy ¥ 1] - 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][6] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][7]
/* Bottom left-corner difference */
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][7] -=
MbDCLR][LeftMBIndexOfTile[NumTileCols] - 1][y][i][6] /* Bottom right corner difference */
if (HARD_TIEING_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]

}

}
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] = arrayLoeal[0]
MbDCLP[x][y][i][5] = arrayLecal[1]
if (v != (TopMBIndexOfTile[Ty + 1] - 1)) {
arrayLocal[ ] = {MBbDCLP[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.2<0) | | (HARD_TILING_FLAG = = TRUE)) { /* Top edge */
v, =TopMBIndexOfTile[Ty]
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] - 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

b
}
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[ ]) 9.9.83
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

}

}
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); kx++) {
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]fy+1][i][0]}
OverlapPostFilter2x2(arrayLocal| ]) 9.9.8.3
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arraylesal[1]
MbDCLP[x][y+1][i][1] = arraykocal[2]
MbDCLP[x+1][y+1][i][0]\= atrayLocal[3]

}

}
if ((HARD_TILING_FLAG=<= FALSE) && (Tx != NumTileCols - 1) &&
(Ty != NumTileRows - 1)) {
x = LeftMBIndexOfTile[Tx + 1] - 1
y = TopMBIndexOfTile[Ty + 1] - 1
arrayLoeal[ | = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y][i][5], MbDCLP[x+1][y][i][4]}
QverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbhDCILP[x][y][i1[5] = arrayl.acal[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]

130 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 29199-2:2020(E)

FirstLevelOverlapFiltering422(i) { Reference
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+I}¥][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[ ] = {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 ((Ty = =.0))| (HARD_TILING_FLAG = = TRUE)) { /*Top edge */
/* OverlapPostFilter1 */
yi=.TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] += MbDCLP[LeftMBIndexOfTile[0]][y][i][1]
/* Upper left corner addition */
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][1] +=
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][0] /* Upper right corner addition */
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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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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 [FirstLevelOverlapFiltering420()

Pseudocade for the function FirstLevelOverlapFiltering420( ) is specified in Table 155.

Table 155 — Pseudocode for function FirstLevelOverlapFiltering420()

FirstLeyelOverlapFiltering420(i) { Reference
for (Ty = 0; Ty <= (NumTileRows - 1); Ty ++) {
f((Ty ==0) | | (HARD_TILING_FLAG = = TRUE)) { /* Top edge */
/* OverlapPostFilter1 */
y = TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] == MbDCLP[LeftMBIndexOfTile{0]][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] —= MbBCLP[LeftMBIndexOfTile[Tx]][y][i][1]
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][1}==
MbDCLP[LeftMBIndexOfTile[Tx] — 1][§fi][0]

}

f ((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]
/* Bottom left corner difference */

MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][3] -=
MbDCLP[LeftMBIndexOfTile[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]
MbDCEP[LeftMBIndexOfTile[Tx] - 1][y][i][3] -=
MbDCLP[LeftMBIndexOfTile[Tx] - 1][y][i][2]

)

or (Tx = 0; Tx <= (NumTileCols - 1); Tx++) {
for (y = TopMBIndexOfTile Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++)
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] - 2); x++) {
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++) {
arraytocalf T={MbDCEPIxIyiiif 3T, MbDCEPfxiiy=Hifiifti;}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = 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++)A
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[Px *1] - 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] - 2); y++) {
arrayLocal[ | = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLPTx|{y+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapPostFilter2x2(arrayLocall ]) 9.9.8.3
MbDGER[x][y][i][3] = arrayLocal[0]
MbDELP[x+1][y][i][2] = arrayLocal[1]
MbBCLP[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]

tHHARD-THEINGFEAG=—TFALSE &&Tx=—0&& Ty =NumTiteRows
x = LeftMBIndexOfTile[Tx]
y = TopMBIndexOfTile[Ty + 1] - 1
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocall ]) 99.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y+1][i][0] = arrayLocal[1]

[uN
—
—
I~

if ((HARD_TILING_FLAG = = FALSE) && (Tx = = NumTileCols - 1) &&
(Ty != NumTileRows - 1)) {
x = LeftMBIndexOfTile[Tx + 1] - 1
y = TopMBIndexOfTile[Ty + 1] - 1
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y+1][i][1]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x][y+1][i][1] = arrayLocal[1]

}

if (HARD_TILING_FLAG = = FALSE) && (Tx != NumTileCols - 1)\&& (Ty = =0)) {
x = LeftMBIndexOfTile[Tx + 1] - 1
y = TopMBIndexOfTile[Ty]
arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][¥[i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

}

if (HARD_TILING_FLAG = = FALSE) && (Tx'= NumTileCols - 1) &&
(Ty == NumTileRows - 1)) {
x = LeftMBIndexOfTile[Tx + 1] - ¢
y = TopMBIndexOfTile[Ty + 4] —'1
arrayLocal[ ] = {MbDCLP{x{{y¥][i][3], MbDCLP[x+1][y][i][2]}
OverlapPostFilter2 (agraytocall ]) 9.9.8.4
MbDCLP[x][y][i][3]= arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]

}

f ((Ty ==0) | [{HARD_TILING_FLAG = = TRUE)) { /*Top edge */
/* OverlapPostFilter1 */
y = TopMBIndexOfTile[Ty]
MbBCLP[LeftMBIndexOfTile[0]][y][i][0] += MbDCLP[LeftMBIndexOfTile[0]][y][i][1]
/* Upper left corner addition */
MbDCLP[LeftMBIndexOfTile[NumTileCols] - 1][y][i][1] +=
MbDCLP[LeftMBIndexOfTile[NumTileCols| — 1[[y][1]]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]

s

}
9.9.3.5 FirstLevelCallOverlapPostFilterx4x4()

Bseudocode for the function FirstLevelCallOverlapPostFilter4x4( ) is specified in Table 156

Table 156 — Pseudocode for function FirstLevelCallOverlapPostFilter4x4()

FirstLevelCallOverlapPostFilter4x4(i, x, y) { Refference
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]}
OverlapPostFilter4x4(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]
MbDCLP[x+1][y+1][i][0] =arrayLocal[10]
MbDCLP[x+1][y+1][i][1]*= arrayLocal[11]
MbDCLP[x][y+1][i}{6] = arrayLocal[12]
MbDCLP[x][y+L}{i]{7] = arrayLocal[13]
MbDCLP[x+1y[y+1][i][4] = arrayLocal[14]
MbDCLPJx¥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<=7j++){
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*((j%32)/16) + ((j %'32) % 4)
y=16*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]

}
} else if (INTERNAL_CLR_FMT.="= YUV420) {

for j=0;j<=3;j++) {
x=8*MBx + 4% % 2)
y=8*MBy+4*(j/2)
ImagePlaneli][x][y] = MbDCLP[MBx][MBy][i][j]

}
for (j =07j <=63; j++) {
x9)8*MBx+4*(( %32)/16) + (( % 32) % 4)
y=8*MBy+4*(j/32)+((/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],
ImagePlanei] [x+2][y+1] ImagePlane[ 1[x+3][y+1],
huagcplauc [1] [ ] Ly TLJ, uuqscr 1auc LlJ lA"’ 1] [_y'rZ],
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], 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] = arrayLocal[15]

}

9.9.6 Second level overlap filtering

et

hputs to this process are the values ImagePlane[i][x][y] for the entire image plane.
(Qutputs to this process are the maodified values ImagePlane[i][x][y] for the entire image plane.

(utputs to this process are the modified values ImagePlane[i][x][y] for the current macroblock.

NOTE The process,specification below formalizes the geometric nature of the overlap filtering process. There are 4 cases:

(1) (interior):at.every point in the image plane where 4 blocks meet in a corner, the 4x4 overlap filter is applied fo the 4x4
block straddling these 4 blocks evenly (i.e., overlapping with a 2x2 corner of each block).

(2) (tep'and bottom 2 rows): along both the top two sample rows and the bottom two sample rows of the image plpne, the 4-
point overlap filter is applied evenly across adjacent block boundaries (overlapping with a 1x2 strip of each blogk).

(3) (right-most and Ileft-most columns): along both the Ileft-most two sample columns and the right-most two sample
columns, the 4-point overlap filter is applied evenly across adjacent block boundaries (overlapping with a 2x1 strip of

each block).

(4) (four corners of the image plane): over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, the
4-point overlap filter process is applied in a raster scan order (top-left, top-right, bottom-left, then bottom-right).
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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 ((i!= 0) && ((INTERNAL_CLR _FMT = =YUV422) | | (INTERNAL_CLR_FMT = = YUV420)))
dx=2
else
dx=1
((i!= 0) && (INTERNAL_CLR_FMT = = YUV420))
dy =2
dlse
dy=1
br (Tx = 0; Tx <= (NumTileCols - 1); Tx++) {
for (Ty = 0; Ty <= (NumTileRows - 1); Ty++) {
for (x = 16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx — 2));
x+=4)
for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty +1{ /)dy - 2);
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],
[i][
[i][

—-

_

ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2};

ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],

ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}
OverlapPostFilter4x4(arrayLocal ]) 9.9.8.1
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

[
[
[
ImagePlane[i][x][y+1] = arrayLocal[4]
ImagePlane[i][x+1][y+1] = arrayLocal[5]
ImagePlane[i][x+2][y+1] = arrayLocal[6]

[

[

[

[

[

[

[

[

[

[
ImagePlane[i][x+3][y+1] = arrayLocal[7]
ImagePlane[i][x][y+2].= arrayLocal[8]
[
[
[
[
[
[

ImagePlane[i][x+1}{y+2] = arrayLocal[9]
ImagePlane[i][x+2}{y+2] = arrayLocal[10]
ImagePlanefi][x*¥3][y+2] = arrayLocal[11]
ImagePlanefi}{x][y+3] = arrayLocal[12]
ImagePlaue[i][x+1][y+3] = arrayLocal[13]
ImagePlaneli]
ItnagéPlaneli]

}

if ((Tx==0) | | (HARD_TILING_FLAG = = TRUE)) { /* Left edge */

for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1] / dy - 2);
y+=4){
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

x+2][y+3] = arrayLocal[14]
x+3][y+3] = arrayLocal[15]
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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_TILING FLAG = = 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[ ] = { ImagePlane[1][x][y], ImagePlane[i][x][y+1],

ImagePlane[i][x][y*2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlaneli][x]}y}\=arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[1]
ImagePlange[i}{x][y+2] = arrayLocal[2]
ImagePlaneli][x][y+3] = arrayLocal[3]
x = 16(* 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) ! ! (HARn_'T'” ING FLAG == 'T'R”F')) {/* Bottom ndgn *//

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)J {
/* 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 1)) | | (HARD_TILING_FLAG = = TRUE)) {
/* Bottom left edge */
x = 16 * LeftMBIndexOfTile[ Tx] Y dx
y =16 * TopMBIndexOfTile[Ty—+ 1] / dy - 2
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+}, 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]
ImagePlanefi}[x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}

if ((fTx'€e = 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
arrayl.ocal[ ] = {ImagePlane[i]l[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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Reference

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]}

al ] Poctlileax=d- .41 1 A A
oveTapr oSttt Xt T ay coCai Ty

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1

ImagePlaneli][x+2][y] = arrayLocal[2

ImagePlaneli][x+3][y] = arrayLocal[3

1
]
]
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]

[L
[i][
[i][
[i][
[i][
[i][
[L
ImagePlane[i][x][y+2] = arrayLocal[8]
[L
[L
[L
[L
[i][
[i][
[i][

[
ImagePlane[i][x+3][y+3] = arrayLocal[15]

}

}

if ((HARD_TILING_FLAG = = FALSE) && (Ty.}¢ NumTileRows - 1)) {
/* Bottom across for soft tiles */

y = 16 * TopMBIndexOfTile[Ty + 1]/, dy - 2

x+=4){

for (x = 16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1] / dx - 2);

arrayLocal[ ] = {ImagePRlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i]fx+2][y], ImagePlane[i][x+3][y],
ImagePlane[i}[x][y+1], ImagePlane[i][x+1][y+1],
ImagePRlane[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]}

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][y+1] = arrayLocal[4]

[

[
ImagePlane[i][x+3][y] = arrayLocal[3

[

[

— = = =

ImagePlane[i][x+1][y+1] = arrayLocal[5]

ImagePlane[i][x+2][y+1] = arrayLocal[6]

TmagePtane{ti{x+31{yF 1 =arraytocal{7]

ImagePlane[i][x][y+2] = arrayLocal[8]

ImagePlane[i][x+1][y+2] = arrayLocal|9]

[
ImagePlane[i][x+2][y+2] = arrayLocal[10]

ImagePlane[i][x+3][y+2] = arrayLocal[11]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal[14]

[i][
[i][
[L
ImagePlane[i][x][y+3] = arrayLocal[12]
[L
[L
[L

[
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],
ImagePlane[l] [x+2][y+2] ImagePlane[ ][x+3][y+2],
uuascr 1auc[|] [A] LyTJJ, uuasr;r lallUllJ lATLJ Ly'raj,
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}
OverlapPostFilter4x4(arrayLocal[ ]) 9.9.8:1,
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]
ImagePlane[i][x][y+1] = arrayLocal[4]
ImagePlane[i][x+1][y+1] = arrayLocal[5]
ImagePlane[i][x+2][y+1] = arrayLocal[6]
ImagePlane[i][x+3][y+1] = arrayLocal[7]
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];-lmagePlane[i][x][y+1],

ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocal[J)]) 9.9.8.2
ImagePlane[i][x][y] = arrayLecal[0]
ImagePlane[i][x][y+1}=\arrayLocal[1]
ImagePlane[i][x][y#2]-= arrayLocal[2]
ImagePlane[i][¥}{y+3] = arrayLocal[3]
x =16 * LeftMBIndexOfTile[Tx] / dx + 1
arrayLocalf \="{ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlaneli][x][y+3]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
[magePlaneli][x][y+1] = arrayLocal[1]
ImagePlaneli][x][y+2] = arrayLocal[2]
ImagePlaneli][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)) { /* Battom edge for soft tiles */

x =16 * LeftMBIndexOfTile[Tx +1] / dx - 2

y =16 * TopMBIndexOfTile[Ty—+ 1] / dy - 2

arrayLocal[ ] = {ImagePlanetfi][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]fy] = arrayLocal[0]

ImagePlaneli]{%+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

atrayLocal[ ] = {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()

CT4x4(iCoeff[ ]) {

Reference

/* Permute the coefficients */

InvPermute(iCoeft[ ])

99.7.5

/* First stage */

arrayLocall ] = {iCoeff[0], iCoeff[1], iCoeff[4], iCoeff[5]}

T2x2h(arrayLocal[ ], 1)

9.9.7.2

iCoeff[0] = arrayLocal[0]

iCoeff[1] = arrayLocal[1]

[
iCoeff[4] = arrayLocal[2]
iCoeff[5] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[2], iCoeff[3], iCoeff[6], iCoeff[ 7]}

InvTodd(arrayLocal[ ])

9.9.7.3

iCoeff[2] = arrayLocal[0]

iCoeff[3] = arrayLocal[1]

[

[1
iCoeff[6] = arrayLocal[2]
iCoeff[7] = arrayLocal[3]

arrayLocall ] = {iCoeff[8], iCoeff[12], iCoeff[9], iCoeff[13]}

InvTodd(arrayLocal[ ])

9.9.7.3

iCoeff[8] = arrayLocal[0]

iCoeff[12] = arrayLocal[1]

iCoeff[9] = arrayLocal[2]

iCoeff[13] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[10], iCoeff[11],iCoeff[14], iCoeff[15]}

InvToddodd(arrayLocal[ ])

9.9.7.4

iCoeff[10] = arrayLocal[0]

iCoeff[11] = arrayLocal[1]

iCoeff[14] = arrayLocal[2]

iCoeff[15] = arrayLocal{3]

/* Second stage */

arrayLocal[ ] = {iCoeff[0], iCoeff[3], iCoeff[12], iCoeff[15]}

T2x2h(arrayliocal ], 0)

9.9.7.2

iCoeff[0] = arrayLocal[0]

iCoeff[3}=¢arrayLocal[1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[5], iCoeff[6], iCoeff[9], iCoeff[10]}

T2x2h(arraylocal[ ], 0)

99.7.2

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]
2]

[
iCoeff[8] = arrayLocal|
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()

he function T2x2h( ) is specified in Table 161.

Table 161 — Pseudocode for function T2x2h(.)

OTE  The variable valRound is a rounding control variable. The value of valRound is set to 10, or 1 by the function that
ivokes T2x2h(). The inverse of T2x2Th() is two successive applications of T2x2Th, operating on variables of| the array
[oeff[ ] with the same value of valRound.

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]

.9.7.3 InvTodd()

he function InvTodd( ) is specified by thelpseudocode in Table 162.

Table-162 — Pseudocode for function InvTodd()

InvTodd(iCoeff] ]) {

Reference

iCoeff 1] += iCoeff[3]

iCoeff[0] —= iCoeff[2]

1Coeff[3] —= (iCoeff[1] >> 1)

iCoeff|2] += ((iCoeff[0] + 1) >> 1)

iCoeff[0] —= ((3* iCoeff[1] + 4) >> 3)

iCoeff[1] += ((3* iCoeff[0] + 4) >> 3)

iCoeff[2] —= ((3* iCoeff[3] + 4) >> 3)

—r———

iCoeff[3] += ((3* iCoeff[2] + 4) >> 3

iCoeff|2] —= ((iCoeff[1] + 1) >> 1)

————— =

iCoeff[3] = ((iCoeff[0] + 1) >> 1) — iCoeff[3]

iCoeff[1] += iCoeff[2]

TCoet[0]—=iCoeli[3]
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9.9.7.4 InvToddodd()

The function, InvToddodd( ) is specified by the pseudocode in Table 163.

Table 163 — Pseudocode for function InvToddodd

InvToddodd(iCoeff[ ]) {

Reference

iCoeff[3] += iCoeff[0]

iCoeff[2] —= iCoeff[1]

valT1 = iCoeff[3] >> 1

valT2 = iCoeff[2] >> 1

iCoeff[0] —= valT1

iCoeff[1] += valT2

iCoeff[0] —= ((iCoeff[1] * 3 + 3) >> 3)

iCoeff[1] += ((iCoeff[0] * 3 + 3) >> 2)

[
[
[
iCoeff[0] —= ((iCoeff[1] * 3 + 4) >> 3)
iCoeff[1] —= valT2
iCoeff[0] += valT1
iCoeff[2] +=iCoeff[1]
iCoeff[3] —= iCoeff[0]
iCoeff[1] = —iCoeff[1]
iCoeff[2] = —iCoeff[2]

}

9.9.7.5 [InvPermute()

The funclion InvPermute( ) operates on an ordered array of 16 sample values, producing a permuted list. Th
input to this function is the ordered array arraylnput[i], for i ranging\from 0 to 15. The output of this function

the re-orflered array arrayInput([i].

To defing the permutation, the array InvPermArr(i] is specified, for i ranging from 0 to 15, in Table 164.

Table 164 — Inverse permutation

©vn @

146

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()

—-

re-ordered array arraylnput[i].
Thhe function InvPermute2pt( ) is specified as in Table 166.

Table 166 — Pseudocode for function InvPermuteZpt()

Tlhe function InvPermute2pt( ) operates on an ordered array of 2 sample values, producing a_permuteq
nput to this function is the ordered array arraylnput([i], for i ranging from 0 to 1. The output of this functjion is the

InvPermute2pt( ) {

Referenge

arrayTemp[0] = arraylnput[1]

arrayTemp[1] = arraylnput[0]

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

arraylnput[i] = arrayTemp[i]

}

9.9.7.7 T2pt()
Tlhe function T2pt( ) is specified by the pseudocode in Table 167.

Table 167 — Pseudocode for function T2pt()

T2pt(iCoeff] I\ Reference

iCoeff[0}=="(iCoeff[1]+1) >> 1

iCoeff[1] += iCoeff[0]

© ISO/IEC 2019 - All rights reserved
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9.9.8 Overlap filtering functions

9.9.8.1 OverlapPostFilter4x4()

The function OverlapPostFilter4x4( ) is specified in Table 168.

148

Table 168 — Pseudocode for function OverlapPostFilter4x4()

OverlapPostFilter4x4(iCoeff] 1) {

Reference

T e oo o ooy o coroo cora
arTayLocal] = (ICoe [0 TCoe o [ TCoe [ T2 [ TCOeTI I f

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[0] = arrayLocal[0]

iCoeff[3] = arrayLocal[1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[1], iCoeff[2], iCoeff[13], iCoeff[14]}

T2x2h(arrayLocal[ ], 0)

9.97\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]

arrayLocal[ ] = {iCoeff[13], iCoeff[12}}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[13] = arrayLocal[0]

iCoeff[12] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[9])i€Coeff[8]}

InvRotate(arrayLocal[ |)

9.9.8.5

iCoeff[9] = arrayloeal[0]

iCoeff[8] = arrdykocal[1]

arrayLocal[(J’=Y{iCoeft[7], iCoeff[3]}

InvRotaté(arrayLocal[ ])

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]

iCoeffl2]1 = arravl gcalill
L oA L]

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[ ])

9.9:8:6

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 (arrayLocal[ ])

9.9.8.7

iCoeff[5] = arraykocal[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.

Table 169 — Pseudocode for function OverlapPostFilter4()

OverlapPostFilter4(iCoeff] ]) {

Reference

iCoeff[0] += iCoeff[3]

iCoeff[1] += iCoeff[2]

iCoeff[3] —= ((iCoeff[0] + 1) >> 1)

9.9.8.3

The funct

iCoeff[2] —= ((iCoeff[1] + 1) >>1)

InvScale(iCoeff[0], iCoeff[3])

9.9.8.6

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])

9.9.8.5

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

}

OverlapPostFilter2x2( )

ion OverlapPostFilter2x2( ) is specified in Table 170.

Table 170 — Pseudocode for. finction OverlapPostFilter2x2()

OverlapPostFilter2x2(iCoeff] ]) {

Reference

iCoeff[0] += iCoeff]3]

iCoeff[1] += iCoeff[2]

iCoeff[3] —=((iCoeff[0] + 1) >> 1)

+1)>>1)

0
iCoeff[2]==)((iCoeff[1
0

iCoeff[1] #= ((iCoeff[0] + 2) >> 2)

s_ls_ls_ls_l

iCoeff[0] += ((iCoeff[1] + 1) >> 1)

]

|-

1€

|

]
i€oeff[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)
iCoeff[0] —= iCoeff[3]
iCoeff[1] —= iCoeff[2]
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9.9.8.4 OverlapPostFilter2()
The function OverlapPostFilter2( ) is specified in Table 171.

Table 171 — Pseudocode for function OverlapPostFilter2()

OverlapPostFilter2(iCoeff] ]) { Reference
iCoeff[1] += ((iCoeff[0] + 2) >> 2)
iCoeff[0] += ((iCoeff[1] + 1) >> 1)
iCoeff[0] +=(iCoeff[1] >>5)
iCoeff[0] += (iCoeff[1] >>9)
iCoeff[0] += (iCoeff[1] >> 13)
iCoeff[1] += ((iCoeft[0] + 2) >> 2)

9.9.8.5 InvRotate()

Thhe function InvRotate( ) is specified by the pseudocode in Table 172.

Table 172 — Pseudocode for function InvRotate()

InvRotate(iCoeff] ]) { Réference
iCoeff[0] —= ((iCoeff[1] + 1) >>1)
iCoeff[1] += ((iCoeff[0] + 1) >> 1)

9.9.8.6 InvScale()
Tihe function InvScale( ) is specified by the pseudocode inZTable 173.

Table 173 — Pseudocode for function InvScale( )

InvScale(iCoeff] [){ Reference
iCoeff[0] +=iCoeff[1]
iCoeff[#]'= (iCoeff[0] >> 1) - iCoeff[1]
iCoeff[0] += (iCoeff[1] *3 + 0) >> 3
iCoeff[1] += (iCoeff[0] * 3 + 0) >> 4
iCoeff[1] += (iCoeff[0] >> 7)
iCoeff[1] —= (iCoeff[0] >> 10)

9.9.8.7 T2x2hPOST()
Thhe 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 InvToddoddPOST( ) is specified by the pseudocode in Table 175.

Table 175 — Pseudocode for function InvToddoddPOST( )

InvToddoddPOST(iCoeff] ]) { Reference
iCoeff[3] += iCoeff[0]
iCoeff[2] —= iCoeff[1]

valTl = i(‘nnf‘F[Q] 1

9.10

The final
intended

9.10.1 (

First, the
format ¢
conversi
value for
are roun

the interpal integer representations need to bé\converted to output representations. Finally, the values are clipped

to fit the
9.10.2 (

At the co
internal

converts
bit depth
syntax el

The outp
that arel

valT2 = iCoeff[2] >> 1

iCoeff[0] —= valT1

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
Output formatting

stage of the decoder consists of converting the sample values reconstructed in the internal format to the
output format as specified in subclause 9.10.2.

Dverview

decoder may be required to perform upsampling to obtain an intermediate YUV444 format. Next, coloyr
pnversion is applied to convert the internal celour formats to output formats. The colour formgt
ns are specified below. A bias is added to the-sample values, to re-centre the values around the nomingl
a neutral or zero intensity representation.When the scaling mode is used, on the decoder side, the valugs
led down after colour conversion. For High numerical range formats (BD16, BD16S, BD32S and BD32F)),

hppropriate range.
Dutput formatting stage

mpletion of the transform ‘and overlap filtering, the sample values for the image are reconstructed in a
Colour format and an’internal two's complement integer representation. The output formatting stag
the decoded image plane data into a representation specified by the OUTPUT_CLR_FMT and the outpt
. In the specification of output formatting, the term INTERNAL_CLR_FMT refers to the correspondin
bment of theprimary image plane.

=

Q ~+ O

ut formatting process is specified for the combinations of OUTPUT_BITDEPTH and OUTPUT_CLR_FM[T
sted\in Table 176.

In this table, "+" indicates that output formatting is specified for the corresponding combinations of
OUTPUT_BIT_DEPTH and OUTPUT_CLR_FMT. The combination of OUTPUT_BIT_DEPTH and OUTPUT_CLR_FMT
shall not have the value corresponding to empty cells.
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Table 176 — Conformance-specified output formatting combinations of OUTPUT_BITDEPTH and
OUTPUT_CLR_FMT

OUTPUT_BITDEPTH |OUTPUT_CLR_FMT
YONLY [YUV420 [YUV422 |YUV444 |RGB [RGBE [CMYK |CMYKDIRECT NCOMPONENT
BD1WHITE1 +
BD1BLACK1 +
BD5 +
BD565 +
BD8 + + + + + + + + +
HDTO + + +
HD16 + + + + + + +
HD16S + + +
HD16F + +
HD32S + +
HD32F + +
Tlhe output formatting stage consists of several sub-processes that are performed as specified in Table 17[7.

Table 177 — Pseudocode for function OutputFormatting( )

OutputFormatting() { Referenge
SamplingConversion( ) 9.10.3
ConvertinternalToOutputClrFmt( ) 9.10.4.1
AddBias() 9.10.5
ComputeScaling( ) 9.10.6
PostscalingProcess( ) 9.10.7.1
ClippingAndPackingStage() 9.10.8

}

9.10.3 Sampling conversion
9.10.3.1 General
Tlhe sampling conversion process is specified in Table 178.

Tlhe combinations of INTERNAL_CLR-FMT and OUTPUT_CLR_FMT for which sampling conversions are [specified
for conformance purposes are.specified in Table 179. In this table, "+" indicates that no sampling convyersion is
required. It is a requirement of codestream conformance to this document that the combirnation of
I

NTERNAL_CLR_FMT and OUTPUT_CLR_FMT shall not have a value corresponding to any empty cell in Table 179.

Ih the illustrated case/in Table 178 in which upsampling is specified both vertically and horizontally for
INTERNAL_CLR_FMTequal to YUV420, the upsampling process to be performed by the decoder shall prjoduce an
array of two-dimensionally upsampled samples at the index values for which such samples are produced as
specified by Table 178. However, decoders may use alternative upsampling methods (different from that{specified

Table 1%8) - the actual filtering method used to produce the values of the entries in the upsampled array is

tside-the scope of this document. The particular filtering method specified by Table 178 is an examp|e of how
shich™upsampled array values may be produced. For example, upsampling may be applied both vertically and

orizontally 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()

[¢)

[¢’)

(s

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
}
}
Table 179 — Conformance-specified sampling conversions
OUTPUT_CLR_FMT INTERNAL_CLR_FMT
YONLY YUV420 YUV422 YUV444 YUVK NCOMPONENT
YONLY +
YUV4R0 +
YUV4P2 +
YUV44#4 + Upsample() |Upsample() |+
in the in the
vertical and |horizontal
horizontal direction
directions
RGB with + Upsample() |Upsample() |+
OUTPUT_BITDEPTH in the in the
equaljto BD5, BD565, vertical and | horizontal
BD8, BD10, BD16, horizontal direction
BD16§ or BD32S directions
RGB with +
OUTPUT_BITDEPTH
equaljto BD16F or
BD32F
RGBE +
CMYK +
CMYKDIRECT +
NCOMPONENT +
9.10.3.2 Upsample()
In the chroma upsampling function,for the chroma componenti (1 <= i < NumComponents), let iOriArray[ | be th
original Jample array before upsampling, and ilntArray[ ] be the upsampled array. If upsampling is performed i
the horizontal direction, iOriArray| | is one input sample row of length ExtendedWidth[i] and ilntArray[ ] is on[
output sample row of length\ExtendedWidth[0], and the variable iOriLength is set equal to ExtendedWidth[i].
Otherwisle, iOriArray[ ] is~one input sample column of length ExtendedHeight[i] and ilntArray[ ] is one outpy
sample cplumn of length’ExtendedHeight[0], and iOriLength is set equal to ExtendedHeight[i].
The upsgmpling_precess to be performed by the decoder shall produce an array of upsampled samples at the
index values, for*which such samples are produced as specified by Table 180. However, decoders may use
alternatiyeupsampling methods (different from that specified by Table 180) - the actual filtering method used to
produce he-values of the entries in the npc;\mp]pd array is outside the scope of this document. The pm‘fiml]“r

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)

}

—3

he values of the filter coefficients iH[0], iH[1], iH[2], iH[3] for the chroma positions are specified by<Tahle 181 as
function of the variable chromaCentering. If Upsample( ) is applied in the horizontal direction, chromaCentering
$ set equal to CHROMA_CENTERING_X; otherwise, it is set equal to CHROMA_CENTERING_Y.

V)

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

9.10.4 Conversion from INTERNAL_CLR_FMT to OUTPUT_CLR_FMT
9.10.4.1 Overview
Tlhe conversion process proceeds as specified in Table 182;

Table 182 — Pseudocode for fuiiction ConvertinternalToOutputClrFmt( )

ConvertinternalToOutputClrFmt( ) { Referenice
if (INTERNAL_CLR_FMT = = YUVK) &&
(OUTPUT_CLR_FMT = = CMYK))

InvColorFmtConvert3( ) 9.10.4.4
else if (INTERNAL_CLR_FMT ==YUVK) &&
(OUTPUT_CLR_FMT = ="CMYKDIRECT))
InvColorFmtConveft4(*) 9.10.4.5
else if (INTERNAL_CLR_FMT = = YONLY) &&
(OUTPUT_CLR_FMT = = RGB))
InvColorEmtGonvertl( ) 9.10.4.2
else if (((INPERNAL_CLR_FMT = =YUV444) | |
(INTERNAL_CLR_FMT = =YUV422) | |
(INTERNAL_CLR_FMT = = YUV420)) &&
((OUTPUT_CLR_FMT = =RGB) | | (OUTPUT_CLR_FMT = = RGBE)))
InvColorFmtConvert2() 9.10.4.3
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 INTERNAI,_CLR_FMT and QUTPUT_CILLR_ FMT shall not have a value corresponding to any empty

cell in Taple 183.

Table 183 — Conformance-specified colour format conversions

OUTPUT_CLR_FMT INTERNAL_CLR_FMT

YONLY

YUV420

YUV422

YUV444

YUVK

NCOMPONENT

YONLY +

YUV4R0

YUV4p2

+

YUV444 +

+

+

+

RGB with InvColorFmt
OUTPUT_BITDEPTH Convert1()
equaljto BD5, BD565,
BDS8, BD10, BD16,
BD16p or BD32S

InvColorFmt
Convert2()

InvColorFmt
Convert2()

InvColorFmt
Convert2()

RGB #ith
OUTPUT_BITDEPTH
equaljto BD16F or
BD32F

InvGelorFmt
Convert2()

RGBE

InvColorFmt
Convert2()

CMYK

InvColorFmt
Convert3()

CMYKDIRECT

InvColorFmt
Convert4()

NCOMPONENT

The pseudocode functions InvColorFmtConvertl(), InvColorFmtConvert2(), InvColorFmtConvert3(), an|
InvColorFmtConvert4( ) that aré neferred to in Table 183 are specified in subclause 9.10.4.2, subclause 9.10.4.

subclaus¢ 9.10.4.4, and subclause 9.10.4.5, respectively.

9.10.4.2 InvColorFmtConvert1()

The operptions inlnyColorFmtConvert1( ) are specified in Table 184.

Table 184 — Pseudocode for function InvColorFmtConvert1()

[eN

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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The operations in InvColorFmtConvert2( ) are specified in Table 185.
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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 = —ImacgePlanel1 1]
r is) =1l

[ft=-U*/

arrayOut[1] = ImagePlane[0][x][y] - Floor(tempT + 2)
/*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()

—

he operations in InvColorFmtConvert3( ) are spécified in Table 186.

Table 186 — Pseuocode for function InvColorFmtConvert3()

InvColorFmtConvert3() {

Refer¢nce

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]sarrayOut[3] - ImagePlane[0][x][y] -
FloarfimagePlane[1][x][y] + 2) /*m =k - Y - Floor(U + 2) */

arrayOut[0] = ImagePlane[1][x][y] + arrayOut[1] +
Floor(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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9.10.4.5 InvColorFmtConvert4( )

The operations in InvColorFmtConvert4( ) are specified in Table 187.

Table 187 — Pseudocode for function InvColorFmtConvert4( )

InvColorFmtConvert4() {

Reference

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {

arravOuti3] = ImacePlanelOHsc ] /X e = YV * /
A L] i) | it I Kl B V0 4 L

arrayOut[1] = ImagePlane[2][x][y] /*m =V */

arrayOut[0] = ImagePlane[1][x][y] /*c=U*/

arrayOut[2] = ImagePlane[3][x][y] /*y = K*/

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

ImagePlane[i][x][y] = arrayOut[i]

}

9.10.5 AddBias()

The fund
values.

tion AddBias() specified in Table 188 performs the computation and addition of bias to the sample

Table 188 — Pseudocode for function AddBias()

AddBias() {

Reference

if (SCALED_FLAG)

iScale =3

else

iScale = 0

if (OUTPUT_BITDEPTH = = BD5)

iBias = (1 << 4)

else if (OUTPUT_BITDEPTH = = BD565)

iBias = (1 << 5)

else if (OUTPUT_BITDEPTH = = BD8)

iBias = (1<<7)

else if (OUTPUT_BITDEPTH = = BD10)

iBias = (1 <<9)

else if (OUTPUT_BITDEPTH ==BD16)

iBias = (1 << 15)

else

iBias =0

(OUTPUT_BITPEPTH = = BD325))

if (OUTPUT_BITPEPTH = = BD16) | | (OUTPUT_BITDEPTH = = BD16S) | |

iBias = (iBias >> SHIFT_BITS)

if ((OUTPUT).CLR_FMT = = RGB) | | (OUTPUT_CLR_FMT = = YUV444) | |
(QUTPUT_CLR_FMT = = YUV422) | | (OUTPUT_CLR_FMT = = YUV420) | |
(OUTPUT_CLR_FMT = = YONLY) | | (OUTPUT_CLR_FMT = = NCOMPONENT) | |
(OUTPUT_CLR_FMT = = CMYKDIRECT)) {

IMIUUTFUI_ULR_FMT ==RUBJ [ (UUIFUI_ULR_FMT ==YUVaaa ]|
(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*/

}

.10.6 ComputeScaling()

he rounding factor iRoundingFactor, and modifies sample values basedpnthese two factors.

Table 189 — Pseudocode for function.€ComputeScaling( )

he function ComputeScaling( ) specified in Table 189 performs the computation of the scaling factor i

cale, and

ComputeScaling( ) {

Referen

iScale=0

iRoundingFactor = 0

if (SCALED_FLAG) {

iScale =3

if (OUTPUT_BITDEPTH = = BD5) | | (OUEPUT_BITDEPTH = = BD565) | |
(OUTPUT_BITDEPTH = = BD8) | | (UTPUT_BITDEPTH = = BD10) | |
(OUTPUT_BITDEPTH = = BD16S))| | (OUTPUT_BITDEPTH = = BD16F) | |
(OUTPUT_BITDEPTH = = BD325) | | (OUTPUT_BITDEPTH = = BD32F))

iRoundingFactor = 3

else if (OUTPUT_BITDEPTH/= = BDIWHITE1) | |
(OUTPUT_BITDEPTH = = BD1BLACK1) | | (OUTPUT_BITDEPTH = = BD16))

iRoundingFactor =4

}

if (OUTPUT_CLR<FMT = = RGB) | | (OUTPUT_CLR_FMT = = RGBE) | |
(OUTPUT/CLR'FMT = = YUV444) | | (OUTPUT_CLR_FMT = = YUV422) | |
(OUTPUT.ELR_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)))

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 funcfion PostscalingPTrocess( J 1S specitied in Table 190.

Table 190 — Pseudocode for function PostscalingProcess( )

PosgscalingProcess() { Reference
f (OUTPUT_CLR_FMT = = RGBE)
for (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 fof 3yinputs | 9.10.7.4

*/

for (k=0; k< 4; k++)
ImagePlane[k][x][y] = localArrayOut[k]

}

blse {
if (OUTPUT_CLR_FMT ==RGB) | | (OUTPUT_CLR_FMT = = YUV444) | |
(OUTPUT_CLR_FMT = =YUV422) | | (OUTPUT_CLR_FMT £=YUV420))
outputComponents = 3
else
outputComponents = NumComponents
for (i = 0; i < outputComponents; i++) {
if ((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 (v.£.0; y < outputHeight; y++)
for(x = 0; x < outputWidth; x++)
ImagePlaneli][x][y] = PostScalingInt(ImagePlane[i][x][y]) 9.10.7.2
elseif ((OUTPUT_BITDEPTH = = BD32F) | | (OUTPUT_BITDEPTH = = BD16F))
for (y = 0; y < outputHeight; y++)
for (x = 0; X < outputWidth; x++)

ImagePlanelillxs] = PostSealingF{ImagePlane il 1N 91073
t=} | Nt I Kl W | O A t=} | Nt 1 Kl 40 0
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The sample values are left-shifted by the amount determined by SHIFT_BITS. For input value inX, the output
shifted value outX is determined as specified in Table 191.

Table 191 — Pseudocode for function PostScalingInt( )

PostScalingInt(inX) {

Reference

outX = inX << SHIFT_BITS

NOTE

—-

Q <

9.10.7.3

raturn ontY

)

PostScalingFl()

Tlhe PostScalingFI( ) process computes the value fV as specified in Table192.

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 range scaling sp
mage reconstruction. The 27-bit range scaling applies when the data is scaled, and the 24-bit range scalibg applies
data is unscaled.

lecified for
when the

Vhen OUTPUT_BITDEPTH is equal to BD32F or BD16F, the integer sample valuedX is converted to a valjie fV that
hn be interpreted as a floating point representation.

PostScalingF1(iX) {

Referen

fe

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 << LENCMANTISSA) - 1)) | (1 << LEN_MANTISSA))

if (E==0){
iM "= (1 <<'LEN_MANTISSA)
iE=1

}

iE = JE=<"EXP_BIAS + 127

while{(iM < (1 << LEN_MANTISSA)) && (iE > 1) && (iM > 0)) {

iE —=

iM<<=1

}

if (iM < (1 << LEN_MANTISSA))

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.

Table 193 — Pseudocode for function PostScalingF2( )

PostScalingF2(arrayOut] ], arrayIn| ]) {

Reference

/* arrayin[ ]= {R, G, B} */

/* arrayOut[ ]= {Rrgbe, Grgbe, Brgbe, Ergbe} */

if (arrayIn[0] <= 0) {

arrayOut[0] =0

iEr=0

} else if ((arrayIn[0] >>7) > 1) {

arrayOut[0] = (arrayln[0] & 0x7F) + 128

iEr = (arrayIn[0] >> 7)

} else {

arrayOut[0] = arrayIn[0]

iEr=1

}

if (arrayln[1] <= 0) {

arrayOut[1] =0

iEg=0

} else if ((arrayIn[1] >>7) > 1) {

arrayOut[1] = (arrayln[1] & 0x7F) + 128

iEg = (arraylIn[1] >> 7)

1 else {

arrayOut[1] = arrayIn[1]

iEg=1

}

if (arrayln[2] <= 0) {

arrayOut[2] =0

iEb=0

} else if ((arrayIn[2] >>7) > 1) {

arrayOut[2] = (arrayln[2] & 0x7F) & 128

iEb = (arrayln[2] >> 7)

1 else {

arrayOut[2] = arrayIn[2]

iEb=1

}

arrayOut[3] = Max(iEx, Max(iEg, iEb))

if (arrayOut[3] >AEr}{

iShift = (arfayO@ut[3] - iEr)

arrayOut[0}'= ((2 * arrayOut[0] + 1) >> (iShift + 1))

}

if (arrayOut[3] > iEg) {

iShift = (arrayOut[3] - iEg)

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 = WIDTHAMINUS1 + 1

m = LEFT_MARGIN

}

if (OUTPUT_BITDEPTH = = BD8) | | (OUTPUT_BITDEPTH = = BD16) | |
(OUTPUT.BITDEPTH = = BD165))

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

else' if (OUTPUT_BITDEPTH = = BD565)

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

for (x = 0; X < outputWidth; x++)

ImagePlane[i][x][y] = ClipAndPackBD565(ImagePlane[0][x + m][y + n],

9.10.83

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],
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])

9.10.8.4

else if (OUTPUT_BITDEPTH = = BD10)

if (OUTPUT_CLR_FMT = = RGB)

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

for (x = 0; X < outputWidth; x++)

ImagePlane[i][x][y] = ClipAndPackBD10(ImagePlane[0][x + m][y + n],

ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])

9.10.8.5
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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

*/

pNum = Min(outputWidth - x, 8) /* Number of values to pack into current output

byte *

for (p = pNum; m < 8; p++) /* Prevent junk beyond valid image data in array */
valList[p] = 0 /* Actual value does not matter in this region */

for (p = 0; p < pNum; p++)
valList[p] = ImagePlane[i][x + m + p][y + n]

ImagePlane[i][x >> 3][y] = ClipAndPackBD1BorW (valList) 9.10.8.6

}
else /* OUTPUT_BITDEPTH equal to BD16F, BD32F, or BD32S */
for (y = 0; y < outputHeight; y++)
for (x = 0; X < outputWidth; x++)
ImagePlaneli][x][y] = ImagePlane[i][x + m][y + n]

i
9.10.8.2 ClippingBasic( )

The pseudocode 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_BITDERTH = = BD16S) {
iLow = -32768
iHigh = 32767

}
iResult = ClipfiSample, 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= (‘]ip(in' il o772 i”igh)
i2 = Clip(i2, iLow, iHigh)
iLow =0
iHigh = 63
il = Clip(il, iLow, iHigh)
iResult =i0 + (i1 << 5) + (i2 << 11)
return iResult

}
9.10.8.4 ClipAndPackBD5()

Tihe 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()

Tlhe pseudocode function ClipAndPackBD10( ) is specified in Table 198.

Tablé)198 — Pseudocode for function ClipAndPackBD10( )

ClipAndRackBD10(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) + (i2 << 20)
} else

iR 1+ £l L£3iC loQ 31 il
TRCSUTIT="CpToaiTpIC U, THO VY, I Ty

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)
valList[2] = Clip(valList[2], 0, 1)
valList[3] = Clip(valList[3], 0, 1)
valList[4] = Clip(valList[4], 0, 1)
[5] [5]
[6] [6]

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]) << S)\*
((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

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.
A.4.2) that can be referred to as a tag. Therefore, this file format is referred to as being tag-based. The ya
tag serves as an identifier of the type of data contained in the syntax structure that is associated with-the

=z

OTE 1 The file format specified in this annex is based on that specified for use in ISO 12234-2 [},"ISO 12639
[FF 6.0 [7], and EXIF 2.2 [¢], and is intended to provide a form of consistency and compatibility with-those specifica
enable the sharing of some functional components designed for reading, writing, and otherwisé making use of sucl

o =

NOTE 2 This specification of this file format does not preclude the existence of alternative file format specificatio
bntaining JPEG XR images.

Q

=z

OTE 3 When a file is formatted as specified in this annex, in addition to the syntaxStructures that are specified by
fbitrary data (formatted in a manner not specified by this annex) may also ‘be present at locations within the f]
etween or beyond the locations in the file that contain the syntax structures specified by this annex.

oL

NOTE 4 The use of the filename extension ".jxr" is suggested for files eonferming to the file format specified in this a

o

yte position 0).

QL —

etermining the value of FileSizeInBytes is detetmined by the application and is not specified in this d
he value of FileSizeInBytes shall not exceed 232 - 1.

—

ubclause
ue of the

ag.

[5], Adobe
ions - e.g.
files.

hs for files

his annex,
le that lie

nnex.

he FILE_HEADER( ) syntax structure specified in subclause’A.2 shall be present at the beginning of the file (at

he variable FileSizeInBytes is considered to be, equal to the total number of bytes in the file. The npethod of

ocument.

Hor purposes of this document, a decoder is assumed to be capable of either storing the entire file i} random
access memory or performing random access seek operations to access the data at arbitrary specified positions in
the file.
A.2 FILE_HEADER()
A.2.1 Syntax strueture
The FILE_HEADER() syntax structure is specified by Table A.1.
Table A.1 — FILE_HEADER( ) syntax structure
FILE_HEADER() { Descriptor Reference
FIXED_FILE_HEADER _II_2BYTES u(16) A2.2
FIXED_FILE_HEADER_OXBC_BYTE u(38) A.2.3
FILE_VERSION_ID u(8) A24
FIRST_IFD_OFFSET le(32) A.2.5
}
A.2.2 FIXED_FILE_HEADER_II_2BYTES
FIXED_FILE_HEADER_II_2BYTES shall be equal to 0x4949.
A.2.3 FIXED_FILE_HEADER_OXBC_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-of2-

A.3 IMAGE_FILE_DIRECTORY()
A.3.1 S$yntax structure
The IMAGE_FILE_DIRECTORY( ) syntax structure is specified by Table A.2.

Table A.2 — IMAGE_FILE_DIRECTORY( ) syntax structure

IMAGE_FILE_DIRECTORY() { Descriptor Reference
NUM_ENTRIES le(16) A3.2
for (iNumEntries = 0;
iNumEntries < NUM_ENTRIES;

iNumEntries++)
IFD_ENTRY() A4
ZERO_OR_NEXT_IFD_OFFSET le(32) A3.3

i
A.3.2 NUM_ENTRIES

NUM_ENTRIES specifies the number of entries in the IMAGE_FILE_DIRECTORY( ) syntax structure. NUM_ENTRIHS
shall not pe equal to 0. The value 0 for NUM_ENTRIES isreserved for future use by ITU-T | ISO/IEC.

A.3.3 ZERO_OR_NEXT_IFD_OFFSET
ZERO_OR_NEXT_IFD_OFFSET is interpreted asfollows:

— If ZERO_OR_NEXT_IFD_OFFSET fisJequal to 0, this indicates that no additional IMAGE_FILE_DIRECTORY(|)
synfjlax structures are present in.the file.

— Oth¢rwise, ZERO_OR_NEXT_IFD_OFFSET specifies the byte position, relative to the beginning of the file, to thle
next IMAGE_FILE_DJREETORY( ) syntax structure in the file.

The valu¢ of ZERO_OR’NEXT_IFD_OFFSET shall be an integer multiple of 2.

Decodery maytighore any IMAGE_FILE_DIRECTORY( ) syntax structures at locations in the file specified by any
ZERO_OR_NEXT_IFD_OFFSET syntax element.

A.4 TFD_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

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.

he data associated with a FIELD_TAG value is interpreted as the value of the syntax element or syntax
in the column of the table with the heading "Syntax element or syntax structure”. The term "variable}
the table to indicate cases in which NUM_ELEMENTS may have any value corresponding to-the qu
associated data. The column of the table with the heading "Presence"” is interpreted as follows.

— "Required" specifies that the FIELD_TAG value shall be present in an IFD_ENTRY( );syntax structur
IMAGE_FILE_DIRECTORY( ) syntax structure in the file.

— "Optional” indicates that the FIELD_TAG value may or may not be present inan IFD_ENTRY( ) syntax
of each IMAGE_FILE_DIRECTORY( ) syntax structure in the file.

FD entries with combinations of FIELD_TAG, ELEMENT_TYPE, and NUM_ELEMENTS that do not 3
able A.4, with the FIELD_TAG value in the range of 0x1000 to 0x3FFF ‘and 0x5000 to 0x7FFF are res
hture use by ITU-T | ISO/IEC. Decoders shall ignore (parse and discard) any IFD_ENTRY( ) syntax stry
Fhich such combinations appear.

< =y =

=z

OTE 1 The purpose of the specification for decoders to ignore IFD entries with such combinations of F
LEMENT_TYPE, and NUM_ELEMENTS is to enable the future definition of a backward-compatible usage of
bmbinations.

Q M

IFD entries with combinations of FIELD_TAG,.ELEMENT_TYPE, and NUM_ELEMENTS that do not 3
Tlable A.4, with the FIELD_TAG value in the range of 0x0000 to 0xOFFF, 0x4000 to 0x4FFF, and 0x8000

IFD_ENTRY( ) syntax structures in whichsuch combinations appear and, for purposes relevant to de
pnformance to this document, shallignore these syntax structures. Any use of such FIELD_TAG values
fect the expressed requirements forconformance to this document. Additionally, ITU-T and ISO/IEC re

ility to potentially specify uses for such FIELD_TAG values in future revisions of this document.

L L O

OTE 2 Since interpretation‘\of such FIELD_TAG values can be application-specific, it is suggested to remove
FD_ENTRY( ) syntax structures that have unknown interpretations when transferring files between differing 4
omains.

Q= Z

OTE 3 The useyof/a field tag value equal to 0x02BC in tag-based encoded files (such as files formatted ac
012234-2 [4,4S0O 12639 51, Adobe TIFF 6.0 [7], or EXIF 2.2 [6]), is specified in Adobe Extensible Metadatd
KMP):2005;7section 5 [8l. The use of a field tag value equal to 0x8769 is specified in EXIF 2.2:2002, section 4.6.3. T}
feld tag value equal to 0x8773 is specified in ICC ICC.1:2001, section B.3 [12] and in I1SO 15076-1:2010, B.4, which s
ersions;of ICC profile data. The provision to allow these field tag values to be present is intended to allow the use o
XIF 232, ICC.1 and ISO 15076-1 specifications with files encoded according to this document (without imposing

e = Z

structure
s used in
antity of

e of each

structure

ppear in
erved for
ctures in

ELD_TAG,
additional

ppear in
o0 OxFFFF

are available for unspecified use and interpretation as determined by the application. Decoders shall ﬂ>arse any

ermining
shall not
serve the

any such
pplication

ording to

Platform
he use of a
pecify two
f the XMP,
hormative

o m <

bnfermance 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 UTE8 variable PAGE_NAME Optional
(x0129 USHORT 2 PAGE_NUMBER Optional
(0x0131 UTF8 variable SOFTWARE_NAME_VERSION Optional
(x0132 UTF8 20 DATE_TIME Optional
0x013B UTF8 variable ARTIST_NAME Optional
0x013C UTF8 variable HOST_COMPUTER Optional
(x8298 UTF8 variable COPYRIGHT_NOTICE Optional
OxA001 USHORT 1 COLOR_SPACE Optional
OxBCO1 BYTE 16 PIXEL_FORMAT Required
0xBC02 BYTE, USHORT, or 1 SPATIAL_XFRM_PRIMARY Optional
ULONG
0xBC04 ULONG 1 IMAGE_TYPE Optional
0xBCO5 BYTE 4 PTM_COLOR_INFO(%) Optional
0xBCO6 BYTE variable PROFILE_LEVEL_CONTAINER() Optional
0xBC80 BYTE, USHORT, or 1 IMAGE_WIDTH Required
ULONG
0xBC81 BYTE, USHORT, or 1 IMAGE-HEIGHT Required
ULONG
OxBC82 FLOAT 1 WIDTH_RESOLUTION Optional
0xBC83 FLOAT 1 HEIGHT_RESOLUTION Optional
0xBCCO BYTE, USHORT, or IMAGE_OFFSET Required
ULONG
OxBCC1 BYTE, USHORT, or 1 IMAGE_BYTE_COUNT Required
ULONG
OxBCC2 BYTE, USHORT, or 1 ALPHA_OFFSET Optional
ULONG
0xBCC3 BYTE, USHORT, or 1 ALPHA_BYTE_COUNT Optional
ULONG
OxBCC4 BYTE 1 IMAGE_BAND_PRESENCE Optional
OxBCC5 BYTE 1 ALPHA _BAND_PRESENCE Optional
OxEA1C 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( ) syntq
structurg is not the~first IFD_ENTRY( ) syntax structure of the IMAGE_FILE_DIRECTORY/( ) syntax structure, th
value of FIELD_TAG"shall be greater than the value of FIELD_TAG in the preceding IFD_ENTRY( ) syntax structur
of the IMAGE/FILE_DIRECTORY/( ) syntax structure.
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A.4.3 ELEMENT_TYPE

ELEMENT_TYPE identifies the type of data contained in the IFD_ENTRY() syntax structure as spe
Table A.5.

Table A.5 — ELEMENT_TYPE

cified by

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

—3

hlues are reserved for use in future editions of this document. Decoders that encounter files ¢
LEMENT_TYPE equal to RESERVED shall ignore the associated data.

m <

<

Vhen ELEMENT_TYPE is equal to UNDEFINED, the value of FIELD_TAG shall be equal to 0x8773 if it is
b 0XEA1C in files conforming to this edition of this annex. Other values of ELEMENT_TYPE are reserved
future editions of this document.

—

Tlhe quantity of data associated with each syntax element VALUES_OR_OFFSET, as specified by ELEMEN]
units of bytes, is specified in the SizeOfElement column of Table A.5. The interpretation of the data
associated with each value of ELEMENT.TYPE is specified as follows.

— If ELEMENT_TYPE is equal«to“BYTE, USHORT, or ULONG, each data element is interpreted as an
integer of the specified length in little-endian form.

— Otherwise, if ELEMENT_TYPE is equal to SBYTE, SSHORT, or SLONG, each data element is interpr
two's complementgigned integer of the specified length in little-endian form.

— Otherwise, 4 ELEMENT_TYPE is equal to UTF8, each data element is interpreted as a UTF-8 characte;
as specified by ISO/IEC 10646:2017, Annex D, and the value of the last data element of the IFD_ENTR
be equalto 0 (null). Any such field may contain multiple strings of UTF-8 characters, each terminated
valtied character. The NUM_ELEMENTS for such multi-string payloads is the total number of bytes in
associated strings including the O0-valued byte at the end of each such string. Within the a

he value of ELEMENT_TYPE shall not be equal to RESERVED in.files conforming to this edition of this anpex. Such

bntaining

hot equal
for use in

_TYPE in
elements

unsigned

eted as a

set code
Y() shall
with a 0-
all of the
ssociated

NUIM_ELEMENTS bytes there shall nothe any two consecutive hytes pr}nql to 0

— Otherwise, if ELEMENT_TYPE is equal to UNDEFINED, the interpretation of the data elements depen
FIELD_TAG value as follows:

— If the value of FIELD_TAG is equal to 0xXEA1C (PADDING_DATA), the interpretation of each data e
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

— Otherjwise, if ELEMENT_TYPE is equal to FLOAT, each data element is interpreted as a four-byte
ISO/IEC/IEEE 60559 floating-point number in little-endian form.

— Otherjwise (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

(s

NUM_ELEMENTS specifies the number of data elements associated with the IFD_ENTRY( ) syntax structure. Lg
iSizeOfElement be equal to the value in the SizeOfElement column of Table A.5 for’the value of ELEMENT_TYPI
The toffal number of bytes of data associated with the IFD_ENTRY() syntax structure
NUM_ELEMENTS * iSizeOfElement.

wn

wn

NOTE NUM_ELEMENTS must be set to the total quantity of data elements,‘including termination indicator values such &
null-valued terminators as applicable.

A.4.5 VALUES_OR_OFFSET
VALUES_PR_OFFSET is interpreted as follows:
— Let i$izeOfElement 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 contain
the ddta elements associated with the IFD_ENTRY( ) syntax structure.

%)

— Otherjwise, VALUES_OR_OFFSET specifies the byte position, relative to the beginning of the file, of the dat
elemdnts associated with the IFD_ENTRY( ) syntax structure. In this case, the value of the VALUES_OR_OFFSE
syntax element shall be an integerymultiple of 2.

—

A.4.6 DOCUMENT_NAME

)

DOCUMENT_NAME (when/present) provides, as a UTF-8 character string, a name for the image. There are n|
specific conformance'requirements for the content of the associated character string (other than that it follows th
format cqnventions.of the ELEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3).

¢)

NOTE 1 Thefiame 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:

=

OTE 2 EQUIPMENT_MAKE is specified here in a manner that is intended to be consistent with the "Make"-tag specified in
$0 12234-2 [41,1SO 12639 [5], TIFF 6.0 [7], and EXIF 2.2 [6l.

—

Ta

.4.9 EQUIPMENT_MODEL

Vhen present, EQUIPMENT_MODEL provides, as a UTF-8 character string, a model-name or model number of the
hmera, image-capturing device, scanner, or other equipment that generated £he-image. There are n¢ specific
pnformance requirements for the content of the associated character string (othér than that it follows the format
pnventions of the ELEMENT_TYPE definition of the UTF8 data type as spegified in subclause A.4.3).

O o0 o <

NOTE 1 The name of this syntax element alludes to the intended interpretatiomminstead of any normative meaning.

=

OTE 2 EQUIPMENT_MODEL is specified here in a manner that is intennded to be consistent with the "Model" tag specified in
$0 12234-2 [41,1SO 12639 [5], TIFF 6.0 [7], and EXIF 2.2 [6l.

—

Ta

.4.10 PAGE_NAME

IAGE_NAME (when present) provides, as a UTF-8_gharacter string, a name to be considered to be the name of a
age to which the image is considered to belong.There are no specific conformance requirements for the content
f the associated character string (other than“that it follows the format conventions of the ELEMENT_TYPE
efinition of the UTF8 data type as specified‘in’subclause A.4.3).

QO T

=z

OTE 1 The name of this syntax elementalludes to the intended interpretation instead of any normative meaning.

=

OTE 2 PAGE_NAME is specified here in a manner that is intended to be consistent with the "PageName" tag specified in
$0 12639 5land TIFF 6.0 [71.

—

Ta

.4.11 PAGE_NUMBER

IAGE_NUMBER (wlen present) provides, as a pair of unsigned integers, a "page number" (the first number) to be
pnsidered the-page number of a page from a sequence of pages (the second number) to which the|image is
pnsidered tg belong. There are no specific conformance requirements for the content of the associated tharacter
fring (otlier) than that it follows the format conventions of the ELEMENT_TYPE definition of the USHPRT data
pe as-specified in subclause A.4.3).

g »n o o ™

NOTE1 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 6.0 [7],

A.4.12 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 valu¢ 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" or th

string with all "0" characters replaced by space (0x20) characters as in the string " : : : §\'"-followed by
byte dqual to 0, this indicates that the date and time are unknown.

[

— Otherwise, the UTF-8 character string associated with the DATE_TIME tag{shall be formatted gs
"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 numbqgr
for a calendar year.

— Each colon character ":" part of the string shall be a colon ":" charagter (a byte equal to 0x3A).

— THe "MM" part of the string shall contain a character string representation of a two-digit decimal number in
the range from "01" to "12" for a month within the year{(where "01" indicates January, "02" indicatd
Fepruary, etc.) or two space (0x20) characters.

[72)

— THe "DD" part of the string shall contain a character string representation of a two-digit decimal number 111:1
the range from "01" to "31" for a day within the. month (where "01" indicates the first day of the month,
"0R" indicates the second day of the month, etc.).

— THe character separating the "DD" and "HH" parts of the string shall be a space character
0xp0).

— THe "HH" part of the string shall contain’a character string representation of a two-digit decimal number in
the range from "00" to "23" for anshour within the day, following a 24-hour time of day convention (wher
"0P" indicates a time in the firsthour of the day, "01" indicates a time in the second hour of the day, etc.).

(a byte equal {]

[=]

[¢)

[}

NATE1  The time 00:00:00 iS5 used to indicate midnight. Similarly, 00:00:01 indicates one second after midnight an|
23}59:59 indicates one secorid'prior to midnight.

— THe "MM" part of thé-string shall contain a character string representation of a two-digit decimal number in
the range from "00' to "59" for a minute within the hour (where "00" indicates a time in the first minute
the hour, "01" indicates a time within the second minute of the hour, etc.).

=)

— THe "SS" part.of the string shall contain a character string representation of a two-digit decimal number i
the¢ range-from "00" to "59" for a second within the minute (where "00" indicates a time in the first secon
of the minute, "01" indicates a time within the second second of the minute, etc.).

[ov=

The time zone for the date and time are not specitied 1n 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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A.4.14 ARTIST_NAME

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 s

ecified in

—

$0 12234-2 41, ISO 12639 051, TIFF 6.0 [7], and EXIF 2.2 [¢l. An example preferred use of ARTIST_NAME is the-s{

Ta

.4.15 HOST_COMPUTER

OST_COMPUTER (when present) provides, as a UTF-8 character string, an indication ef@ computer,
ystem, or other system used in generating the image or file. There are no specific confermance require
he content of the associated character string (other than that it follows the format conventior
LEMENT_TYPE definition of the UTF8 data type as specified in subclause A.4.3)

Mot T

NOTE 1 The name of this syntax element alludes to the intended interpretation instead of any normative meaning.

NOTE 2 HOST_COMPUTER is specified here in a manner that is intended ¢o*be consistent with the "HostCom
becified in ISO 12639 [5S1and TIFF 6.0 [71,

%]

Ta

.4.16 COPYRIGHT_NOTICE

OPYRIGHT_NOTICE (when present) provides, as a UTE-8 character string, an indication of copyrig
ssociated with the image or file. There are no specific conformance requirements for the conte

o v

ne UTF8 data type as specified in subclause A.4.3).

=z

OTE 1 The name of this syntax element alludes\to the intended interpretation instead of any normative meaning.

NOTE 2 COPYRIGHT_NOTICE is specified here in a manner that is intended to be consistent with the "Copyright" ta
m 1SO 12234-2 141, ISO 12639 [5], TIFF 6.0-17], and EXIF 2.2 [6l. A complete copyright statement can be listed in the
ring including any dates and statements of claims - for example, "Copyright, John Smith, 2009. All rights reserved’
y a byte equal to 0). When desired, this character string can also list a royalty clearing house. The string can 1
mdicate either or both photogfapher and editor copyrights as well as any additional or alternative copyrights that aj
mage or file. When a photegrapher statement is included, it would appear first. When no photographer copyright st|
mcluded and an editor or.additional or alternative copyright statement is included, the absence of a photographer
atement would be indicated by a space character (0x20) followed by a byte equal to 0 (null) at the beginning of the
ring. When an editer-Copyright statement is included, it would appear next. When no editor copyright statement i
hd some additional or alternative copyright statement is included, the absence of an editor copyright statement
ndicated by a‘space character (0x20) followed by a byte equal to 0 (null) at the position in the character string at
efitor copyright statement would otherwise appear. When some additional or alternative copyright statement is i
would appéar next. When present, each additional or alternative copyright statement would end with a byte equal
When(a Yoyalty clearing house listing is included, this listing would appear last.

P === - =y

)

Camera owner, John Smith; Photographer, Michael Brown; Image creator, Ken James" (followed by a byte equal to 0.

ring value

perating
ments for
s of the

buter" tag

ht rights
nt of the

ssociated character string (other than that it follows the format conventions of the ELEMENT_TYPE deffinition of

b specified
character
(followed
e used to
ply to the
htement is
copyright
character
s included
would be
which the
hcluded, it
0 0 (null).
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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 method 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 pr
ISO/IEC.

NOTE s

A.4.18 PIXEL_FORMAT

PIXEL_F(
string ar

Table A.4.

NOTE1 1
values are
are typica
not follow
BYTE valy

form of UYID specification to produce the equivalent ordered string of BYTE 'values as shown in Table A.6 can be performed 3

follows:

— The fiy
orders

— The nd
next, rf

— The nd
next, rf

— There

The headjings of Table A.6 are interpreted as follows:

— "Mnemonic name" indicates a string associated with the syntax element corresponding to the value ¢f

PIXEL

_ IINC"

— If

psent, COLOR_SPACE shall be equal to 1 or OXFFFF. All other values are reserved for future use by ITU-T|
All values other than 1 and OxFFFF shall be treated the same as the value OXFFFF by decoders.

RGB image data is used in many systems, being interpreted directly by various receiving devices.

w

RMAT consists of a string of 16 BYTE values. The values of the bytes ordered, from first to last in th
e interpreted as digit pairs appearing from left to right in the hexadecimal integer values specified i

=]

'he PIXEL_FORMAT values specified in Table A.6 originated as UUID values @s specified by ISO/IEC 11578. UUID
commonly shown as a string of hexadecimal digits separated by dash "-" characters. The bytes of such a UUID valye
ly stored in a file using a rearranged form of such a typical dashed-form-déscription. In Table A.6, that convention |s
ed. Instead, the values are specified in a manner intended to ease the ‘interpretation of the value as a string of 1|6
es that can be directly compared to the provided strings of hexadecimal digits. The rearrangement of the common

s

[¢)

st (left-most) four bytes (which precede the first dash character in the common form of UUID value specification) aj
d first, represented in little-endian (byte-reversed) form.

[=¥

xt two bytes (which precede the second dash chdracter in the common form of UUID value specification) are ordere
ppresented in little-endian (byte-reversed) form.

[=}

xt two bytes (which precede the third dash character in the common form of UUID value specification) are orderg
ppresented in little-endian (byte-reversed) form.

maining bytes in the commonform of UUID value specification follow, in left-to-right order.

| FORMAT.

pecifies-the following:

tHe-yalue of PIXEL_FORMAT specifies that no alpha channel is present (as specified by the entry in t}1e

nA

pha” columnj, 1T IS a requirement 1or Iie format conformance tO0 This annex that the value of

NumComponents 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

an

nex 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.

— Ot

herwise (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 spdcified by
ALPHA_OFFSET shall be equal to value of the entry in the "BPC" column.

— "Num" specifies the numeric interpretation of values in the decoded image.

— "Colour" specifies a requirement for file format conformance to this annexpthat the valug of the
OUTPUT_CLR_FMT syntax element of the CODED_IMAGE() syntax structure at'the position spegcified by
IMAGE_OFFSET shall be equal to the value of the entry in the "Colour” column.

NOTE 2 Image data can be structured as single channel monochrome "Gray", three-channel "RGB", four-channel "CMYK", or n-

(hannel ("NCOMPONENT") with n in the range of 2 to 16, inclusive.

Table A.6 — Interpretation of PIXEL-FORMAT
PIXEL_FORMAT value Mnemonic NC'| Alpha BPC Num Cdlour

0x24C3DD6F034EFE4BB1853D77768DC90D 24bppRGB 3 BD8 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC90C 24bppBGR 3 BD8 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DCI90E 32bppBGR 3 BD8 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC915 48bppRGB 3 BD16 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC912 48bppRGBFEixedPoint 3 BD16S SINT RGB
0x24C3DD6F034EFE4BB1853D77768DC93B 48bppRGBHalf 3 BD16F Float RGB
0x24C3DD6F034EFE4BB1853D77768DC918 96bppRGBFixedPoint 3 BD32S SINT RGB
0x24C3DD6F034EFE4BB1853D77768DC940 64bppRGBFixedPoint 3 BD16S SINT RGB
0x24C3DD6F034EFE4BB1853D77768DC942 64bppRGBHalf 3 BD16F Float RGB
0x24C3DD6F034EFE4BB1853D77768DC941 128bppRGBFixedPoint 3 BD32S SINT RGB
0x24C3DD6F034EFE4BB1853D77768RC91B 128bppRGBFloat 3 BD32F Float RGB
0x24C3DD6F034EFE4BB1853D77768DCI0F 32bppBGRA 4 v BD8 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC916 64bppRGBA 4 v BD16 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC91D 64bppRGBAFixedPoint 4 v BD16S SINT RGB
0x24C3DD6F034EFE4BB1853D77768DC93A 64bppRGBAHalf 4 v BD16F Float RGB
0x24C3DD6F034EFE4BB1853D77768DCI91E 128bppRGBAFixedPoint 4 v BD32S SINT RGB
0x24C3DD6F034EFE4BB1853D77768DC919 128bppRGBAFloat 4 v BD32F Float RGB
0x24C3DD6F034EEE4BB1853D77768DC910 32bppPBGRA 4 v BD8 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC917 64bppPRGBA 4 v BD16 UINT RGB
0x24C3DD6F034EFE4BB1853D77768DC91A 128bppPRGBAFloat 4 v BD32F Float RGB
0x24C3DD6F034EFE4BB1853D77768DC91C 32bppCMYK 4 BD8 UINT CMYK
0x24€3DD6F034EFE4BB1853D77768DC92C 40bppCMYKAlpha 5 v BD8 UINT CMYK
0x24C3DD6F034EFE4BB1853D77768DCO1F 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
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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
0x24C3DP6F034EFE4BB1853D77768DC92B 128bpp8Channels 8 BD16 UINT | NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC934 64bpp3ChannelsAlpha 4 v BD16 UINT | NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC935 80bpp4ChannelsAlpha 5 v BD16 UINT | NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC936 96bpp5ChannelsAlpha 6 v BD16 UINT | NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC937 112bpp6ChannelsAlpha 7 v BD16 UINT |~NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC938 128bpp7ChannelsAlpha 8 v BD16 UINTN. “NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC939 144bpp8ChannelsAlpha 9 v BD16 UINT | NCOMPONENT
0x24C3DP6F034EFE4BB1853D77768DC908 8bppGray 1 BDS8 UINT YONLY
0x24C3DP6F034EFE4BB1853D77768DC90B 16bppGray 1 BD16 UINT YONLY
0x24C3DP6F034EFE4BB1853D77768DC913 16bppGrayFixedPoint 1 BD16$ SINT YONLY
0x24C3DP6F034EFE4BB1853D77768DC93E 16bppGrayHalf 1 BDA6F Float YONLY
0x24C3DP6F034EFE4BB1853D77768DC93F 32bppGrayFixedPoint 1 BD32S SINT YONLY
0x24C3DP6F034EFE4BB1853D77768DC911 32bppGrayFloat 1 BD32F Float YONLY
0x24C3DP6F034EFE4BB1853D77768DC905 BlackWhite 1 Bg;\g—lﬂggéfr UINT YONLY
0x24C3DP6F034EFE4BB1853D77768DC909 16bppBGR555 3 BDS UINT RGB
0x24C3DP6F034EFE4BB1853D77768DC90A 16bppBGR565 3 BD565 UINT RGB
0x24C3DP6F034EFE4BB1853D77768DC914 32bppBGR101010 3 BD10 UINT RGB
0x24C3DP6F034EFE4BB1853D77768DC93D 32bppRGBE 3 BDS8 Float RGBE
0x24C3DP6F034EFE4BB1853D77768DC954 32bppCMYKDIREGT 4 BDS8 UINT | CMYKDIRECT
0x24C3DP6F034EFE4BB1853D77768DC955 64bppCMYKDIRECT 4 BD16 UINT | CMYKDIRECT
0x24C3DP6F034EFE4BB1853D77768DC956 [  40bppCMYKDIRECTAlpha 5 v BDS UINT | CMYKDIRECT
0x24C3DP6F034EFE4BB1853D77768DC943 80bppCMYKDIRECTAlpha 5 v BD16 UINT | CMYKDIRECT
0x24C3DP6F034EFE4BB1853D77768DC944 12bppYCC420 3 BDS8 UINT YUV420
0x24C3DP6F034EFE4BB1853D77768DC945 16bppYCC422 3 BDS UINT YUV422
0x24C3DP6F034EFE4BB1853D77768DC946 20bppYCC422 3 BD10 UINT YUV422
0x24C3DP6F034EFE4BB1853D77768DC947 32bppYCC422 3 BD16 UINT YUV422
0x24C3DP6F034EFE4BB1853D77768D€E948 24bppYCC444 3 BDS8 UINT YUV444
0x24C3DP6F034EFE4BB1853D77768DC949 30bppYCC444 3 BD10 UINT YUV444
0x24C3DP6F034EFE4BB1853D%77768DC94A 48bppYCC444 3 BD16 UINT YUV444
0x24C3DP6F034EFE4BB1853D77768DC94B 48bppYCC444FixedPoint 3 BD16S SINT YUV444
0x24C3DP6F034EFE4BB1853D77768DC94C 20bppYCC420Alpha 4 v BDS UINT YUV420
0x24C3DP6F034EFE4BB1853D77768DC94D 24bppYCC422Alpha 4 v BDS8 UINT YUV422
0x24C3DP6F034EFE4BB1853D77768DC94E 30bppYCC422Alpha 4 v BD10 UINT YUV422
0x24C3DP6F034EFE4BB1853D77768DC94F 48bppYCC422Alpha 4 v BD16 UINT YUV422
0x24C3DDAFA34EFE4ABB1853D77768DC950 32bhppYCC444Alpha 4 v BDS UINT YUVA444
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 PIXEIL FORMAT js pr}n:\l ta 27hppRCRF the decoded channels are interleaved on a s mple-by-
sample basis in raster scan order, where the ordering of the interleaving is B, then G, then R, thern(E,|Jand each
sample value for each channel is output as a single byte.

1— Otherwise, if PIXEL_FORMAT is equal to 48bppRGB, 48bppRGBFixedPoint, or 48bppRGBHalf, the|l 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 Using 16 bitq in little-
endian form.

1— Otherwise, if PIXEL_FORMAT is equal to 96bppRGBFixedPoint, the decoded channels are interledqved on a
sample-by-sample basis in raster scan order, where the ordering of theinterleaving is R, then G, then B, and
each sample value for each channel is output using 32 bits in little-endian form.

+— Otherwise, if PIXEL_FORMAT is equal to 64bppRGBFixedPoint or-64bppRGBHalf, the decoded chapnels are
interleaved on a sample-by-sample basis in raster scan order,*where the ordering of the interleaying is R,
then G, then B, then a padding channel, and each samplé\value for each channel is output using 16 bits in
little-endian form.

1— Otherwise, if PIXEL_FORMAT is equal to 128bppRGBFixedPoint or 128bppRGBFloat, the decoded|channels
are interleaved on a sample-by-sample basis in raster scan order, where the ordering of the interlegving is R,
then G, then B, then a padding channel, and>each sample value for each channel is output using 32 bits in
little-endian form.

1— Otherwise, if PIXEL_FORMAT is equal to 64bppRGBA, 64bppRGBAFixedPoint, 64bppRGBAHalf, or
64bppPRGBA, the decoded channels-are interleaved on a sample-by-sample basis in raster scan ordgr, where
the ordering of the interleaving-is R, then G, then B, then Alpha, and each sample value for each channel is
output using 16 bits in little*endian form.

1— Otherwise, if PIXEL_FORMAT is equal to 128bppRGBAFixedPoint, 128bppRGBAFloat, or 128bppPREBAFloat,
the decoded channels are interleaved on a sample-by-sample basis in raster scan order, where the|ordering
of the interleavingis R, then G, then B, then Alpha, and each sample value for each channel is output using 32
bits in little-endian form.

1— Otherwise;if PIXEL_FORMAT is equal to 24bppBGR, the decoded channels are interleaved on a sqmple-by-
sample basis in raster scan order, where the ordering of the interleaving is B, then G, then R, and eadh sample
value for each channel is output as a single byte.

1—-Otherwise, if PIXEL_FORMAT is equal to 32bppBGR, the decoded channels are interleaved on a sgmple-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
thesg cases, if RED_BLUE_NOT_SWAPPED_FLAG is equal to 0, the R component bits are in the MSBs of the packed. bjit
fields and the B component bits are in the LSBs; otherwise, in these cases the R component bits are in the LSBscof\the
packed bit fields and the B component bits are in the MSBs.

— Oth¢rwise, if PIXEL_FORMAT is equal to BlackWhite, the output is in the form of packed bit fields Within thle
integer values specified by Table 199, and these integer values are output as bytes in raster scan-order.

@

— Oth¢rwise, if PIXEL_FORMAT is equal to 32bppCMYK or 32bppCMYKDIRECT, the decoded channels ar
intefrleaved on a sample-by-sample basis in raster scan order, where the ordering of the interleaving is (.,
ther} M, then Y, then K, and each sample value for each channel is output as a single‘byte.

— Oth¢rwise, 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 of thle
interleaving is C, then M, then Y, then K, then Alpha, and each sample value for each channel is output asja
single byte.

— Oth¢rwise, if PIXEL_FORMAT is equal to 64bppCMYK or 64bppCMYKDIRECT, the decoded channels ar
interleaved on a sample-by-sample basis in raster scan order; where the ordering of the interleaving is (.,
then] M, then Y, then K, and each sample value for each channel is output using 16 bits in little-endian form.

¢

— Oth¢rwise, if PIXEL_FORMAT is equal to 80bppCMYKAlpha or 80bppCMYKDIRECTAlpha, the decoded
channels are interleaved on a sample-by-sample~basis in raster scan order, where the ordering of thie
interleaving is C, then M, then Y, then K, then Alpha, and each sample value for each channel is output using
16 Hits in little-endian form.

— Oth¢rwise, if PIXEL_FORMAT is equal-to 12bppYCC420, 16bppYCC422, or 24bppYCC444, the Y samples ar
output first in raster scan order, then the U samples are output in raster scan order, then the V samples ay
output in raster scan order, and each sample value for each channel is output as a single byte.

@ O

— Othe¢rwise, if PIXEL_FORMAT is equal to 20bppYCC422, 32bppYCC422, 30bppYCC444, 48bppYCC444, d
48bppYCC444FixedPoiiit, the Y samples are output first in raster scan order, then the U samples are output i
raster scan order, thenthe V samples are output in raster scan order, and each sample value for each chann¢
is output using 16bits in little-endian form.

=

—

— Oth¢rwise, if\PIXEL_FORMAT is equal to 20bppYCC420Alpha or 24bppYCC422Alpha, the Y samples ar
output firSt-in raster scan order, then the U samples are output in raster scan order, then the V samples ay
output-insraster scan order, then the Alpha samples are output in raster scan order, and each sample valu
for eachchannelis outputasa cing]p hyh:

@ @ O

— 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.

1— Otherwise, if PIXEL_FORMAT is equal to 32bpp3ChannelsAlpha, 40bpp4ChdnyelsAlpha,
48bpp5ChannelsAlpha, 56bpp6ChannelsAlpha, 64bpp7ChannelsAlpha, or 72bpp8ChannelsAlpha, the
decoded channels are ordered by increasing channel number with the Alpha channel being,consjdered as
having the highest channel number and the samples of each channel are output in raster scan order,|Jand each
sample value for each channel is output as a single byte.

+— Otherwise, if PIXEL_FORMAT is equal to 64bpp3ChannelsAlpha,,© 80bpp4ChannelsAlpha,
96bpp5ChannelsAlpha, 112bpp6ChannelsAlpha, 128bpp7ChannelsAlpha, or j144bpp8ChannelsA]pha, the
decoded channels are ordered by increasing channel number and the last«hannel is considered the Alpha
channel, and the samples of each channel are output in raster scan order, and each sample valug for each
channel is output using 16 bits in little-endian form.

1— Otherwise, if PIXEL_FORMAT is equal to 8bppGray, there is only~one decoded channel, and the sgmples of
that channel are output in raster scan order, and each samplevalue is output as a single byte.

1— Otherwise, if PIXEL_FORMAT is equal to 16bppGray, 16bppGrayFixedPoint, or 16bppGrayHalf, , thefe is only
one decoded channel, and the samples of that channel are output in raster scan order, and each sample value
is output using 16 bits in little-endian form.

1— Otherwise (PIXEL_FORMAT is equal to 32bppGrayFixedPoint or 32bppGrayFloat), there is only ong decoded
channel, and the samples of that channel-are output in raster scan order, and each sample value fis output
using 32 bits in little-endian form.

OTE 4 Particular care should be taken.ih.regard to the interpretation of this defined output format for PIXEL FORMAT
hlues with mnemonic names that include/'RGB", "BGR", or "CMYK" as part of the mnemonic name due to the specification of
ittle-endian form for packed bit fields: In particular, the first byte of each packed bit field for the PIXEL_FORMAT values
6bppBGR565, 16bppBGR555, and 32bppBGR101010 actually contains the LSBs of the packed bit fields due to the upe of little-
hdian form. Similarly, if the feur.bytes that contain the decoded channel samples for the PIXEL_FORMAT values 32bppRGBE,
2bppBGR, 32bppPBGRA, 32bppCMYK, and 32bppCMYKDIRECT are written or read as 32-bit integers in little-enjdian form
hther than as ordered strings of four bytes in which each byte represents a sample value, the ordering of the channels will be
lvapped relative to theiordering described herein.

= < Z

VoS WD

—

his defined forimat is specified for reference purposes and may be used by some decoders as an interfage format
r the outputef decoded pictures. However, the use of this defined format is not a requirement for conformance
b this doeument.

= =

]

hterpretation of alpha channel information (when present) is considered pre-multiplied or not pre-mulltiplied as
pllows:

=

— 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
IMAGE_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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JPEG XR supports 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
uniqu values

In unsigrled integer cases, a value of zero ordinarily represents the minimum level or the encoding blackcfor tz]le
specific ¢hannel and the maximum possible value represents the maximum value for that channel. When alll
viewable| channels for a pixel format are at their maximum numerical value, this corresponds to_the brightegt
representable colour, or the encoding white. Exceptions to this general rule include the following unsigned integgr
cases:

— When OUTPUT_BITDEPTH is BD1BLACK1, a value of zero represents the maximum levelyor white and a value
of ong represents the minimum level or black.

— When| the OUTPUT_CLR_FMT is YUV444, YUV422, or YUV420, the U and V. eomponents are interpreted 3
colour difference representations that are offset by a constant value, such that the middle value of the range
possible integer values is used for the representation of both the encoding black and the encoding white.

=

—

— Whern| the OUTPUT_CLR_FMT is CMYK or CMYKDIRECT, the K ¢emponent is interpreted as a degree
proximity toward black, such that the maximum value for the K component is used for the encoding black an|
the mfnimum value for the K component is used for the encodingwhite.

o

— When| the OUTPUT_CLR_FMT is NCOMPONENT and the number of encoded components other than the Alph
channel (when present) is greater than 3, in the absence of other information to assist in the colour channeg
intergretation, the fourth channel should be interpreted as a K channel indicating a degree of proximity towar
blackfas in the cases when the OUTPUT_CLR_FMT is CMYK or CMYKDIRECT (see also Annex C).

[ PER-SE)

PIXEL_FORMAT values having mnemonic names$ithat end in "FixedPoint" specify fixed point representations.

=]

NOTE 6 A fixed point numerical representdtionl is not commonly supported in prior image file formats. It is supported i
JPEG XR ap a way to encode an extended range of numerical values more directly while retaining the performance advantage
of integer processing.

%2}

JPEG XR|supports fixed poinCaidmerical encoding for 16-bit and 32-bit signed values. In this document, the
abbreviation SINT is used torefer to signed integer or fixed point values.

Fixed point values having BPC equal to 16 or 32 are interpreted as follows.

[oW)

— 16-bit Fixed Roint, a format referred to as s2.13: The 16 bits that make up an individual value are interprete
as a sign bitxtwo integer bits and thirteen fractional bits. Using this interpretation, a numerical range of -4.0 {]
+3.99P(~can be represented, with the value of 1.0 represented by the signed integer value 8 192 (0x2000).

[=]

— 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
16 777 216 (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.

182 © ISO/IEC 2020 - All rights reserved


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

	Foreword
	Introduction
	Information technology — JPEG XR image coding system —
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Abbreviated terms
	5 Conventions
	5.1 Conformance language
	5.2 Operators
	5.2.1 Arithmetic operators

	5.2 Operators
	5.2.1 Arithmetic operators
	5.2.2 Logical operators
	5.2.3 Relational operators
	5.2.4 Bit-wise operators
	5.2.3 Relational operators
	5.2.4 Bit-wise operators
	5.2.5 Assignment operators
	5.2.6 Precedence order of operators
	5.2.5 Assignment operators
	5.2.6 Precedence order of operators
	5.2.7 Pseudocode operations
	5.2.8 Mathematical functions
	5.2.8 Mathematical functions

	5.3 Syntax and semantics notation
	5.3.1 Method of specifying syntax in tabular form
	5.3.2 SYNTAX_ELEMENT_EXAMPLE semantics
	5.3.3 Syntax functions

	5.4 Formatting conventions
	5.4.1 Variable and array naming conventions
	5.4.2 Data structure naming conventions
	5.4.3 Syntax element naming conventions
	5.4.4 Syntax structure naming conventions
	5.4.5 Naming conventions for mnemonic constants
	5.4.6 Naming conventions for numerical values
	5.4.7 Array dimensions convention

	5.5 Global variables
	5.5.1 Image variables
	5.5.2 Image plane variables
	5.5.3 Tile variables
	5.5.4 Macroblock variables
	5.5.4 Macroblock variables
	5.5.5 Data structures for adaptive VLC table selection
	5.5.5.1 General
	5.5.5.2 DC adaptiveVLC data structure instances
	5.5.5.3 Low-pass adaptiveVLC data structure instances
	5.5.5.4 High-pass adaptiveVLC data structure instances

	5.5.6 Adaptive coefficient normalization data structure instances
	5.5.7 Adaptive CBPHP prediction data structure instance
	5.5.8 Adaptive count CBPLP variables
	5.5.8 Adaptive count CBPLP variables

	5.6 Adaptive VLC deltaDisc tables
	5.7 Adaptive inverse scanning tables

	6 General provisions, provisions specified in annexes, and image and codestream structures
	6.1 General

	6 General provisions, provisions specified in annexes, and image and codestream structures
	6.1 General
	6.2 Image planes and component arrays
	6.3 Image windowing
	6.4 Image partitioning

	Figure 1 — Informative overview of image partitions and internal windowing
	6.5 Transform coefficients and frequency bands
	6.6 Codestream structure
	6.6 Codestream structure
	6.7 Precision and word length

	7 Overview of decoder
	7.1 General

	7 Overview of decoder
	7.1 General

	Figure 3 — Informative decoding process block diagram
	7.2 Overview of parsing process
	7.2.1 Overview of image layer codestream parsing

	7.2 Overview of parsing process
	7.2.1 Overview of image layer codestream parsing
	7.2.2 Overview of tile layer codestream parsing
	7.2.3 Overview of macroblock layer codestream parsing

	7.3 Overview of the decoding process
	7.3.1 Overview of coefficient mapping
	7.3.2 Overview of coefficient prediction

	7.3 Overview of the decoding process
	7.3.1 Overview of coefficient mapping
	7.3.2 Overview of coefficient prediction
	7.3.3 Overview of dequantization
	7.3.4 Overview of sample reconstruction


	Figure 4 — Informative overview of sample reconstruction process
	7.3.5 Overview of output formatting

	8 Syntax, semantics, and parsing process
	8.1 General
	8.2 CODED_IMAGE( )
	8.2.1 Syntax structure

	8.2 CODED_IMAGE( )
	8.2.1 Syntax structure


	Table 18 — CODED_IMAGE( ) syntax structure
	8.2.2 SubsequentBytes
	8.2.3 RESERVED_A_BYTE
	8.2.4 VLW_ESC( )
	8.2.4.1 Syntax structure


	Table 19 — VLW_ESC( ) syntax structure
	8.2.4 VLW_ESC( )
	8.2.4.1 Syntax structure


	Table 19 — VLW_ESC( ) syntax structure
	8.2.4.2 FIRST_BYTE
	8.2.4.3 SECOND_BYTE
	8.2.4.4 FOUR_BYTES
	8.2.4.5 EIGHT_BYTES
	8.3 IMAGE_HEADER( )
	8.3.1 Syntax structure


	Table 20 — IMAGE_HEADER( ) syntax structure
	Table 20 — IMAGE_HEADER( ) syntax structure
	8.3.2 GDI_SIGNATURE
	8.3.3 RESERVED_B
	8.3.4 HARD_TILING_FLAG
	8.3.3 RESERVED_B
	8.3.4 HARD_TILING_FLAG
	8.3.5 RESERVED_C
	8.3.6 TILING_FLAG
	8.3.7 FREQUENCY_MODE_CODESTREAM_FLAG
	8.3.8 SPATIAL_XFRM_SUBORDINATE

	Table 21 — Interpretation of SPATIAL_XFRM_SUBORDINATE
	8.3.9 INDEX_TABLE_PRESENT_FLAG
	8.3.10 OVERLAP_MODE
	8.3.11 SHORT_HEADER_FLAG
	8.3.12 LONG_WORD_FLAG
	8.3.12 LONG_WORD_FLAG
	8.3.13 WINDOWING_FLAG
	8.3.14 TRIM_FLEXBITS_FLAG
	8.3.15 RESERVED_D
	8.3.14 TRIM_FLEXBITS_FLAG
	8.3.15 RESERVED_D
	8.3.16 RED_BLUE_NOT_SWAPPED_FLAG
	8.3.17 PREMULTIPLIED_ALPHA_FLAG
	8.3.18 ALPHA_IMAGE_PLANE_FLAG
	8.3.19 OUTPUT_CLR_FMT

	Table 22 — OUTPUT_CLR_FMT
	8.3.20 OUTPUT_BITDEPTH

	Table 23 — OUTPUT_BITDEPTH
	8.3.21 WIDTH_MINUS1
	8.3.22 HEIGHT_MINUS1
	8.3.23 NUM_VER_TILES_MINUS1
	8.3.24 NUM_HOR_TILES_MINUS1
	8.3.23 NUM_VER_TILES_MINUS1
	8.3.24 NUM_HOR_TILES_MINUS1
	8.3.25 TILE_WIDTH_IN_MB[n]

	Table 24 — Pseudocode to determine the position of the left boundaries of the tiles
	8.3.26 TILE_HEIGHT_IN_MB[n]

	Table 25 — Pseudocode to determine the position of the top boundaries of the tiles
	Table 25 — Pseudocode to determine the position of the top boundaries of the tiles
	Table 26 — Pseudocode to determine the number of macroblocks in each tile
	8.3.27 TOP_MARGIN
	8.3.28 LEFT_MARGIN
	8.3.29 BOTTOM_MARGIN
	8.3.30 RIGHT_MARGIN
	8.4 IMAGE_PLANE_HEADER( )
	8.4 IMAGE_PLANE_HEADER( )
	8.4.1 Syntax structure


	Table 27 — IMAGE_PLANE_HEADER( ) syntax structure
	8.4.2 INTERNAL_CLR_FMT
	8.4.2 INTERNAL_CLR_FMT

	Table 28 — INTERNAL_CLR_FMT
	8.4.3 SCALED_FLAG
	8.4.4 BANDS_PRESENT

	Table 29 — BANDS_PRESENT
	Table 30 — Pseudocode to determine the number of bands present in the codestream, NumBands
	Table 30 — Pseudocode to determine the number of bands present in the codestream, NumBands
	8.4.5 RESERVED_E_BIT
	8.4.6 CHROMA_CENTERING_X
	8.4.7 RESERVED_F
	8.4.8 RESERVED_G_BIT
	8.4.8 RESERVED_G_BIT
	8.4.9 CHROMA_CENTERING_Y
	8.4.10 RESERVED_H
	8.4.11 NUM_COMPONENTS_MINUS1
	8.4.12 NUM_COMPONENTS_EXTENDED_MINUS16

	Table 31 — Pseudocode to determine the number of components present in the codestream
	Table 31 — Pseudocode to determine the number of components present in the codestream
	8.4.13 SHIFT_BITS
	8.4.14 LEN_MANTISSA
	8.4.15 EXP_BIAS
	8.4.16 DC_IMAGE_PLANE_UNIFORM_FLAG
	8.4.17 RESERVED_I_BIT
	8.4.18 LP_IMAGE_PLANE_UNIFORM_FLAG
	8.4.19 RESERVED_J_BIT
	8.4.20 HP_IMAGE_PLANE_UNIFORM_FLAG
	8.4.21 BYTE_ALIGNMENT_BIT
	8.4.22 DC_QP( )
	8.4.22.1 Syntax structure
	8.4.22.2 COMPONENT_MODE
	8.4.22.2 COMPONENT_MODE
	8.4.22.3 DC_QUANT
	8.4.22.4 DC_QUANT_LUMA
	8.4.22.5 DC_QUANT_CHROMA
	8.4.22.6 DC_QUANT_CH[i]

	8.4.23 LP_QP( )
	8.4.23.1 Syntax structure


	Table 34 – LP_QP( ) syntax structure
	8.4.23.2 LP_QUANT[q]
	8.4.23.3 LP_QUANT_LUMA[q]
	8.4.23.2 LP_QUANT[q]
	8.4.23.3 LP_QUANT_LUMA[q]
	8.4.23.4 LP_QUANT_CHROMA[q]
	8.4.23.5 LP_QUANT_CH[i][q]
	8.4.24 HP_QP( )
	8.4.24.1 Syntax structure


	Table 35 — HP_QP( ) syntax structure
	8.4.24.2 HP_QUANT[q]
	8.4.24.3 HP_QUANT_LUMA[q]
	8.4.24.4 HP_QUANT_CHROMA[q]
	8.4.24.5 HP_QUANT_CH[i][q]
	8.5 INDEX_TABLE_TILES( )
	8.4.24.4 HP_QUANT_CHROMA[q]
	8.4.24.5 HP_QUANT_CH[i][q]

	8.5 INDEX_TABLE_TILES( )
	8.5.1 Syntax structure


	Table 36 — INDEX_TABLE_TILES( ) syntax structure
	8.5.2 INDEX_TABLE_STARTCODE
	8.5.3 IndexOffsetTile[n]
	8.6 PROFILE_LEVEL_INFO( )
	8.6.1 Syntax structure

	8.6 PROFILE_LEVEL_INFO( )
	8.6.1 Syntax structure
	8.6.2 PROFILE_IDC
	8.6.3 LEVEL_IDC
	8.6.4 RESERVED_L
	8.6.5 LAST_FLAG

	8.7 CODED_TILES( )
	8.7.1 Syntax structure
	8.7.2 TILE_SPATIAL( )
	8.7.3 TILE_DC( )
	8.7.3 TILE_DC( )
	8.7.4 TILE_HEADER_DC( )
	8.7.5 TILE_LOWPASS( )
	8.7.6 TILE_HEADER_LOWPASS( )
	8.7.7 TILE_HIGHPASS( )
	8.7.8 TILE_HEADER_HIGHPASS( )
	8.7.9 TILE_FLEXBITS( )
	8.7.10 Tile-level semantics
	8.7.10.1 TILE_STARTCODE
	8.7.10.2 ARBITRARY_BYTE
	8.7.10.3 TRIM_FLEXBITS
	8.7.10.2 ARBITRARY_BYTE
	8.7.10.3 TRIM_FLEXBITS
	8.7.10.4 USE_DC_QP_FLAG
	8.7.10.5 NUM_LP_QPS_MINUS1
	8.7.10.6 USE_LP_QP_FLAG
	8.7.10.7 NUM_HP_QPS_MINUS1
	8.7.10.8 LP_QP_INDEX[n]
	8.7.10.9 HP_QP_INDEX[n]
	8.7.10.10 DECODE_QP_INDEX( )
	8.7.10.10 DECODE_QP_INDEX( )
	8.7.10.11 IS_QPINDEX_NONZERO_FLAG
	8.7.10.12 QPINDEX_REF

	8.7.11 MB_DC( )
	8.7.12 DECODE_DC( )
	8.7.13 DECODE_ABS_LEVEL( )
	8.7.13 DECODE_ABS_LEVEL( )
	8.7.14 Macroblock DC( ) semantics
	8.7.14.1 IS_DC_CH_FLAG
	8.7.14.2 VAL_DC_YUV
	8.7.14.3 DC_REF
	8.7.14.4 SIGN_FLAG
	8.7.14.5 ABS_LEVEL_INDEX
	8.7.14.6 LEVEL_REF
	8.7.14.6 LEVEL_REF
	8.7.14.7 FIXED_NUM
	8.7.14.8 FIXED_NUM_EXT
	8.7.14.9 FIXED_NUM_EXT2

	8.7.15 Macroblock low-pass
	8.7.16 General
	8.7.16.1 MB_LP( )
	8.7.16.1 MB_LP( )
	8.7.16.2 REFINE_LP( )
	8.7.16.3 MB_LP( ) and REFINE_LP( ) semantics
	8.7.16.3.1 CBPLP_YUV1
	8.7.16.3.2 CBPLP_YUV2
	8.7.16.3.3 CBPLP_CH_BIT
	8.7.16.3.4 COEFF_REF


	8.7.17 Coded block pattern high-pass (CBPHP)
	8.7.17.1 General
	8.7.17.2 MB_CBPHP( )
	8.7.17.3 REFINE_CBPHP( )
	8.7.17.4 MB_CBPHP( ) and REFINE_CBPHP( ) semantics
	8.7.17.4.1 NUM_CBPHP
	8.7.17.4.2 NUM_BLKCBPHP
	8.7.17.4.2 NUM_BLKCBPHP
	8.7.17.4.3 CHR_CBPHP
	8.7.17.4.4 VAL_INC
	8.7.17.4.5 CODE_INC
	8.7.17.4.6 NUM_CH_BLK
	8.7.17.4.4 VAL_INC
	8.7.17.4.5 CODE_INC
	8.7.17.4.6 NUM_CH_BLK
	8.7.17.4.7 CBPHP_CH_BLK
	8.7.17.4.8 REF_CBPHP1
	8.7.17.4.9 REF_CBPHP

	8.7.17.5 CBPHP prediction
	8.7.17.5.1 PredCBPHP( )
	8.7.17.5.1 PredCBPHP( )
	8.7.17.5.2 PredCBPHP444( )
	8.7.17.5.3 PredCBPHP422( )
	8.7.17.5.3 PredCBPHP422( )
	8.7.17.5.4 PredCBPHP420( )


	8.7.18 Macroblock high-pass
	8.7.18.1 General
	8.7.18.2 MB_HP( )
	8.7.18.2 MB_HP( )
	8.7.18.3 MB_HP_FLEX( )
	8.7.18.4 DECODE_BLOCK_ADAPTIVE( )
	8.7.18.5 DECODE_BLOCK( )
	8.7.18.6 DECODE_RUN( )
	8.7.18.6 DECODE_RUN( )
	8.7.18.7 DECODE_INDEX( )
	8.7.18.7 DECODE_INDEX( )
	8.7.18.8 DECODE_FIRST_INDEX( )
	8.7.18.9 Block-level semantics
	8.7.18.9.1  RUN_VALUE
	8.7.18.9.2 RUN_INDEX
	8.7.18.9.3 RUN_REF
	8.7.18.9.4 INDEX_A
	8.7.18.9.5 INDEX_B
	8.7.18.9.6 INDEX_C_FLAG
	8.7.18.9.7 FIRST_INDEX


	8.7.19 Macroblock FLEXBITS
	8.7.19.1 MB_FLEXBITS( )
	8.7.19.2 BLOCK_FLEXBITS( )
	8.7.19.2 BLOCK_FLEXBITS( )
	8.7.19.3 DECODE_FLEX( )
	8.7.19.4 FLEXBITS semantics
	8.7.19.4.1 FLEX_REF



	8.8 Adaptive VLC code table selection
	8.8.1 General
	8.8.2 Adaptive VLC deltaDisc tables
	8.8.3 Initialization
	8.8.3.1 InitializeDCVLC( )
	8.8.3.2 InitializeLPVLC( )
	8.8.3.3 InitializeHPVLC( )
	8.8.3.4 InitializeCBPHPVLC( )
	8.8.3.5 InitializeVLCTable1( )
	8.8.3.6 InitializeVLCTable2( )

	8.8.4 Update of adaptive VLC code table selection
	8.8.4.1 AdaptDC( )
	8.8.4.2 AdaptLP( )
	8.8.4.3 AdaptHP( )
	8.8.4.4 AdaptVLCTable1( )
	8.8.4.5 AdaptVLCTable2( )


	8.9 Adaptation of CBPLP state variables
	8.9.1 General
	8.9.2 InitializeCountCBPLP( )
	8.9.3 UpdateCountCBPLP( )

	8.10 Adaptive CBPHP prediction
	8.10.1 InitializeCBPHPModel( )
	8.10.2 UpdateCBPHPModel( )

	8.11 Adaptive inverse scanning
	8.11.1 Adaptive inverse scanning tables
	8.11.2 InitializeAdaptiveScanLP( )
	8.11.3 InitializeAdaptiveScanHP( )
	8.11.4 ResetTotalsAdaptiveScanLP( )
	8.11.5 ResetTotalsAdaptiveScanHP( )
	8.11.6 AdaptiveLPScan( )
	8.11.7 AdaptiveHPScan( )

	8.12 Adaptive coefficient normalization
	8.12.1 InitializeModelMB( )
	8.12.2 UpdateModelMB( )


	9 Decoding process
	9.1 General

	9 Decoding process
	9.1 General
	9.2 Image decoding
	9.3 Image plane decoding
	9.4 Tile transform coefficient processing
	9.4.1 Overview
	9.4.2 DC transform coefficient decoding
	9.4.3 Low-pass transform coefficient decoding
	9.4.4 High-pass transform coefficient decoding

	9.5 Coefficient remapping
	9.5.1 DC coefficient remapping

	9.5 Coefficient remapping
	9.5.1 DC coefficient remapping
	9.5.2 Low-pass coefficient remapping
	9.5.3 High-pass macroblock coefficient remapping
	9.5.3 High-pass macroblock coefficient remapping
	9.5.4 High-pass block coefficient remapping

	9.6 Transform coefficient prediction
	9.6.1 DC coefficient prediction
	9.6.1.1 Overview of DC prediction
	9.6.1.2 DCPredictionGeneral( )
	9.6.1.3 DC prediction direction computation
	9.6.1.3 DC prediction direction computation
	9.6.1.4 DC coefficient prediction
	9.6.1.4 DC coefficient prediction
	9.6.1.5 Update of DC prediction variables

	9.6.2 Low-pass prediction
	9.6.2.1 Overview of low-pass prediction

	9.6.2 Low-pass prediction
	9.6.2.1 Overview of low-pass prediction



	Figure 5 — DC and LP coefficients in (a) 4×4, (b) 422 chroma, and (c) 420 chroma block
	9.6.2.2 LPPredictionGeneral( )
	9.6.2.3 Low-pass prediction direction computation
	9.6.2.4 Low-pass coefficient prediction
	9.6.2.5 Update of low-pass prediction variables
	9.6.3 High-pass prediction
	9.6.3.1 Overview of high-pass prediction

	9.6.3 High-pass prediction
	9.6.3.1 Overview of high-pass prediction


	Figure 6 — HP prediction from left
	9.6.3.2 High-pass prediction direction computation
	9.6.3.3 High-pass prediction
	9.7 Derivation of quantization parameters
	9.7.1 Derivation of DC quantization parameters
	9.7.1.1 Image plane level derivation of DC quantization parameters
	9.7.1.2 Tile level derivation of DC quantization parameters
	9.7.1.3 Assignment of DC quantization parameters
	9.7.1.3 Assignment of DC quantization parameters

	9.7.2 Derivation of low-pass quantization parameters
	9.7.2.1 Image plane level derivation of low-pass quantization parameters
	9.7.2.2 Tile level derivation of low-pass quantization parameters
	9.7.2.3 Assignment of low-pass quantization parameters

	9.7.3 Derivation of high-pass quantization parameters
	9.7.3.1 Image plane level derivation of high-pass quantization parameters
	9.7.3.2 Tile level derivation of high-pass quantization parameters
	9.7.3.2 Tile level derivation of high-pass quantization parameters
	9.7.3.3 Assignment of high-pass quantization parameters


	9.8 Dequantization
	9.8.1 Dequantization of DC coefficients
	9.8.2 Dequantization of low-pass coefficients
	9.8.3 Dequantization of high-pass coefficients
	9.8.3 Dequantization of high-pass coefficients
	9.8.4 QuantMap( )

	9.9 Sample reconstruction
	9.9.1 Overview
	9.9.2 First level inverse transform
	9.9.3 First level overlap filtering
	9.9.3.1 Overview
	9.9.3.2 FirstLevelOverlapFilteringPrimary( )
	9.9.3.3 FirstLevelOverlapFiltering422( )
	9.9.3.4 FirstLevelOverlapFiltering420( )
	9.9.3.5 FirstLevelCallOverlapPostFilterx4x4( )

	9.9.4 Second level coefficient combination
	9.9.5 Second level inverse transform
	9.9.6 Second level overlap filtering


	Table 159 — Pseudocode for function SecondLevelOverlapFiltering( )
	Table 159 — Pseudocode for function SecondLevelOverlapFiltering( )
	9.9.7 Inverse transform basic operations
	9.9.7.1 ICT4x4( )


	Table 160 — Pseudocode for function ICT4x4( )
	9.9.7.2 T2x2h( )
	9.9.7.2 T2x2h( )

	Table 161 — Pseudocode for function T2x2h( )
	9.9.7.3 InvTodd( )

	Table 162 — Pseudocode for function InvTodd( )
	9.9.7.4 InvToddodd( )

	Table 163 — Pseudocode for function InvToddodd
	9.9.7.5 InvPermute( )

	Table 164 — Inverse permutation
	Table 165 — Pseudocode for function InvPermute( )
	9.9.7.6 InvPermute2pt( )

	Table 165 — Pseudocode for function InvPermute( )
	9.9.7.6 InvPermute2pt( )

	Table 166 — Pseudocode for function InvPermute2pt( )
	9.9.7.7 T2pt( )

	Table 167 — Pseudocode for function T2pt( )
	9.9.8 Overlap filtering functions
	9.9.8.1 OverlapPostFilter4x4( )


	Table 168 — Pseudocode for function OverlapPostFilter4x4( )
	9.9.8.2 OverlapPostFilter4( )

	Table 169 — Pseudocode for function OverlapPostFilter4( )
	9.9.8.3 OverlapPostFilter2x2( )

	Table 170 — Pseudocode for function OverlapPostFilter2x2( )
	9.9.8.4 OverlapPostFilter2( )

	Table 171 — Pseudocode for function OverlapPostFilter2( )
	9.9.8.5 InvRotate( )

	Table 172 — Pseudocode for function InvRotate( )
	9.9.8.6 InvScale( )

	Table 173 — Pseudocode for function InvScale( )
	9.9.8.7 T2x2hPOST( )

	Table 174 — Pseudocode for function T2x2hPOST( )
	9.9.8.8 InvToddoddPOST( )

	Table 175 — Pseudocode for function InvToddoddPOST( )
	9.10 Output formatting
	9.10.1 Overview
	9.10.2 Output formatting stage


	Table 177 — Pseudocode for function OutputFormatting( )
	9.10.3 Sampling conversion
	9.10.3.1 General


	Table 178 — Pseudocode for function SamplingConversion( )
	Table 179 — Conformance-specified sampling conversions
	Table 178 — Pseudocode for function SamplingConversion( )
	Table 179 — Conformance-specified sampling conversions
	9.10.3.2 Upsample( )

	Table 180 — Pseudocode for function Upsample( )
	Table 181 — Upsampling filter coefficient for different chroma positions
	Table 180 — Pseudocode for function Upsample( )
	Table 181 — Upsampling filter coefficient for different chroma positions
	9.10.4 Conversion from INTERNAL_CLR_FMT to OUTPUT_CLR_FMT
	9.10.4.1 Overview


	Table 183 — Conformance-specified colour format conversions
	9.10.4.2 InvColorFmtConvert1( )

	Table 184 — Pseudocode for function InvColorFmtConvert1( )
	9.10.4.3 InvColorFmtConvert2( )

	Table 185 — Pseudocode for function InvColorFmtConvert2( )
	9.10.4.4 InvColorFmtConvert3( )

	Table 186 — Pseuocode for function InvColorFmtConvert3( )
	9.10.4.5 InvColorFmtConvert4( )

	Table 187 — Pseudocode for function InvColorFmtConvert4( )
	9.10.5 AddBias( )

	Table 188 — Pseudocode for function AddBias( )
	9.10.6 ComputeScaling( )
	9.10.7 Postscaling process
	9.10.7.1 Overview

	9.10.7 Postscaling process
	9.10.7.1 Overview


	Table 190 — Pseudocode for function PostscalingProcess( )
	9.10.7.2 PostScalingInt( )

	Table 191 — Pseudocode for function PostScalingInt( )
	9.10.7.3 PostScalingFl( )

	Table 192 — Pseudocode for function PostScalingFl( )
	9.10.7.4 PostScalingF2( )
	9.10.7.4 PostScalingF2( )
	9.10.8 Clipping and packing stage
	9.10.8.1 General


	Table 194 — Pseudocode for function ClippingAndPackingStage( )
	9.10.8 Clipping and packing stage
	9.10.8.1 General


	Table 194 — Pseudocode for function ClippingAndPackingStage( )
	9.10.8.2 ClippingBasic( )

	Table 195 — Pseudocode for function ClippingBasic( )
	9.10.8.3 ClipAndPackBD565( )

	Table 196 — Pseudocode for function ClipAndPackBD565( )
	9.10.8.4 ClipAndPackBD5( )

	Table 197 — Pseudocode for function ClipAndPackBD5( )
	9.10.8.5 ClipAndPackBD10( )

	Table 198 — Pseudocode for function ClipAndPackBD10( )
	9.10.8.6 ClipAndPackBD1BorW( )

	Table 199 — Pseudocode for function ClipAndPackBD1BorW( )
	Annex A  (normative)  Tag-based file format
	A.1 General
	A.2 FILE_HEADER( )
	A.2.1 Syntax structure
	A.2.2 FIXED_FILE_HEADER_II_2BYTES
	A.2.3 FIXED_FILE_HEADER_0XBC_BYTE
	A.2.4 FILE_VERSION_ID
	A.2.5 FIRST_IFD_OFFSET
	A.2.4 FILE_VERSION_ID
	A.2.5 FIRST_IFD_OFFSET
	A.3 IMAGE_FILE_DIRECTORY( )
	A.3.1 Syntax structure


	Table A.2 — IMAGE_FILE_DIRECTORY( ) syntax structure
	A.3.2 NUM_ENTRIES
	A.3.3 ZERO_OR_NEXT_IFD_OFFSET
	A.4 IFD_ENTRY( )
	A.4.1 Syntax structure

	Table A.3 — IFD_ENTRY( ) syntax structure
	Table A.3 — IFD_ENTRY( ) syntax structure
	A.4.2 FIELD_TAG
	A.4.3 ELEMENT_TYPE

	Table A.5 — ELEMENT_TYPE
	A.4.4 NUM_ELEMENTS
	A.4.5 VALUES_OR_OFFSET
	A.4.6 DOCUMENT_NAME
	A.4.7 IMAGE_DESCRIPTION
	A.4.8 EQUIPMENT_MAKE
	A.4.8 EQUIPMENT_MAKE
	A.4.9 EQUIPMENT_MODEL
	A.4.10 PAGE_NAME
	A.4.11 PAGE_NUMBER
	A.4.12 SOFTWARE_NAME_VERSION
	A.4.13 DATE_TIME
	A.4.13 DATE_TIME
	A.4.14 ARTIST_NAME
	A.4.14 ARTIST_NAME
	A.4.15 HOST_COMPUTER
	A.4.16 COPYRIGHT_NOTICE
	A.4.17 COLOR_SPACE
	A.4.18 PIXEL_FORMAT

	Table A.6 — Interpretation of PIXEL_FORMAT
	A.4.19 SPATIAL_XFRM_PRIMARY
	A.4.20 IMAGE_TYPE
	A.4.21 PTM_COLOR_INFO( )

	Table A.7 — PTM_COLOR_INFO( ) syntax structure
	A.4.21.1 COLOR_PRIMARIES

	Table A.8 — Interpretation of COLOR_PRIMARIES syntax element
	A.4.21.2 TRANSFER_CHARACTERISTICS

	Table A.9 — Interpretation of TRANSFER_CHARACTERISTICS syntax element
	Table A.9 — Interpretation of TRANSFER_CHARACTERISTICS syntax element
	A.4.21.3 MATRIX_COEFFICIENTS

	Table A.10 — Interpretation of MATRIX_COEFFICIENTS syntax element
	A.4.21.4 RESERVED_K
	A.4.21.5 FULL_RANGE_FLAG
	A.4.22 PROFILE_LEVEL_CONTAINER( )
	A.4.23 IMAGE_WIDTH
	A.4.24 IMAGE_HEIGHT
	A.4.25 WIDTH_RESOLUTION
	A.4.26 HEIGHT_RESOLUTION
	A.4.26 HEIGHT_RESOLUTION
	A.4.27 IMAGE_OFFSET
	A.4.28 IMAGE_BYTE_COUNT
	A.4.29 ALPHA_OFFSET
	A.4.30 ALPHA_BYTE_COUNT
	A.4.31 IMAGE_BAND_PRESENCE
	A.4.32 ALPHA_BAND_PRESENCE
	A.4.33 PADDING_DATA

	Annex B  (normative)  Profiles and levels
	B.1 General
	B.2 Profiles
	B.2.1 Sub-Baseline profile
	B.2.2 Baseline profile
	B.2.3 Main profile
	B.2.4 Advanced profile
	B.2.5 Reserved values of PROFILE_IDC
	B.3 Levels
	B.3 Levels

	Table B.1 — Parameters of levels of conformance to this document
	Table B.2 — Pseudocode for function ImageBufferBytes(valNC)
	Table B.2 — Pseudocode for function ImageBufferBytes(valNC)
	Annex C  (informative)  Colour imagery representation and colour management
	C.1 Background information
	C.2 Colour interpretation in the JPEG XR context
	C.2 Colour interpretation in the JPEG XR context

	Annex D  (informative)  Encoder processing
	D.1 Overview
	D.2 Pre-scaling

	Table D.1 — Pseudocode for function PreScaling1( )
	Table D.2 — Pseudocode for function PreScalingBD16F( )
	Table D.2 — Pseudocode for function PreScalingBD16F( )
	Table D.3 — Pseudocode for function PreScalingBD32F( )
	Table D.4 — Pseudocode for function PreScalingRGBE( )
	Table D.5 — Pseudocode for function RGBEForwardConversion( )
	Table D.5 — Pseudocode for function RGBEForwardConversion( )
	D.3 Colour conversion
	D.3.1 General
	D.3.2 FwdColorFmtConvert1( )


	Table D.6 — Pseudocode for function FwdColorFmtConvert1( )
	Table D.6 — Pseudocode for function FwdColorFmtConvert1( )
	D.3.3 FwdColorFmtConvert2( )

	Table D.7 — Pseudocode for function FwdColorFmtConvert2( )
	D.3.4 FwdColorFmtConvert3( )

	Table D.8 — Pseudocode for function FwdColorFmtConvert3( )
	D.3.5 Macroblock alignment and padding
	D.4 Transform
	D.3.5 Macroblock alignment and padding

	D.4 Transform

	Figure D.1 — Encoder transform
	D.4.1 T2x2h( )
	D.4.2 TOdd( )

	Table D.9 — Pseudocode for function TOdd( )
	D.4.2 TOdd( )

	Table D.9 — Pseudocode for function TOdd( )
	D.4.3 TOddOdd( )

	Table D.10 — Pseudocode for function TOddOdd( )
	D.4.4 FwdPermute( )

	Table D.11 — Forward Permutation
	Table D.11 — Forward Permutation
	Table D.12 — Pseudocode for function FwdPermute( )
	D.4.5 FCT operations
	D.4.5.1 FCT4x4( )

	Table D.13 — Pseudocode for function FCT4x4( )
	Table D.13 — Pseudocode for function FCT4x4( )
	D.4.5.2 FCT2x2( )
	D.5 Overlap pre-filtering
	D.5.1 Overview

	D.5 Overlap pre-filtering
	D.5.1 Overview
	D.5.1.1 T2x2hEnc( )


	Table D.14 — Pseudocode for function T2x2hEnc( )
	D.5.1.2 FwdRotate( )

	Table D.15 — Pseudocode for function FwdRotate( )
	D.5.1.3 FwdScale( )

	Table D.16 — Pseudocode for function FwdScale( )
	D.5.1.4 FwdTOddOdd( )

	Table D.17 — Pseudocode for function FwdTOddOdd( )
	D.5.1.4 FwdTOddOdd( )

	Table D.17 — Pseudocode for function FwdTOddOdd( )
	D.5.1.5 OverlapPreFilter4x4( )

	Table D.18 — Pseudocode for function OverlapPreFilter4x4( )
	D.5.2 OverlapPreFilter4( )

	Table D.19 — Pseudocode for function OverlapPreFilter4( )
	D.5.2 OverlapPreFilter4( )

	Table D.19 — Pseudocode for function OverlapPreFilter4( )
	D.5.3 OverlapPrefilter2x2

	Table D.20 — Pseudocode for function OverlapPreFilter2x2( )
	D.5.4 OverlapPreFilter2

	Table D.21 — Pseudocode for function OverlapPreFilter2( )
	D.6 Coefficient prediction
	D.7 Coefficient scanning
	D.8 Quantization
	D.9 Adaptive coefficient normalization

	Annex E  (normative)  Media type specification for the Annex A tag-based file format
	E.1 General
	E.2 Registration

	Annex F  (normative)  Storage in the ISO/IEC 23008-12 image file format and associated media type registrations
	F.1 General
	F.2 JPEG XR images and image collections
	F.2.1 General
	F.2.2 Image data
	F.2.3 JPEG XR header item property
	F.2.3.1 Definition
	F.2.3.2 Syntax
	F.2.3.2 Syntax
	F.2.3.3 Semantics
	F.2.4 JPEG XR info item property
	F.2.4.1 Definition
	F.2.4.2 Syntax
	F.2.4.3 Semantics
	F.2.5 JPEG XR profile item property
	F.2.5.1 Definition
	F.2.4.3 Semantics
	F.2.5 JPEG XR profile item property
	F.2.5.1 Definition
	F.2.5.2 Syntax
	F.2.5.3 Semantics

	F.3 JPEG XR image sequences
	F.3.1 General
	F.3.2 Derivation from ISO/IEC 14496-12 and Rec. ITU-T T.833 | ISO/IEC 29199-3

	F.4 JPEG XR-specific brands
	F.4.1 JPEG XR image and image collection brands
	F.4.1.1 General

	F.4 JPEG XR-specific brands
	F.4.1 JPEG XR image and image collection brands
	F.4.1.1 General
	F.4.1.2 Requirements on files
	F.4.1.3 Requirements on readers
	F.4.2 JPEG XR image sequence brands
	F.4.2.1 General
	F.4.2.2 Requirements on files
	F.4.2 JPEG XR image sequence brands
	F.4.2.1 General
	F.4.2.2 Requirements on files
	F.4.2.3 Requirements on readers

	F.5 Media type registration for JPEG XR coded images and image collections in the ISO/IEC 23008-12 image file format
	F.5.1 General

	F.5 Media type registration for JPEG XR coded images and image collections in the ISO/IEC 23008-12 image file format
	F.5.1 General
	F.5.2 Registration

	F.6 Media type registration for JPEG XR coded image sequences in the ISO/IEC 23008-12 file format
	F.6.1 General
	F.6.2 Registration


	Bibliography



