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Foreword

012(E)

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

esfablished by the respeciive organization 1o deal with particular fields of technical activity. 1SO. &
te¢hnical committees collaborate in fields of mutual interest. Other international organizations, gover

a

te¢hnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
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non-governmental, in liaison with ISO and IEC, also take part in the work. In the field-of)infg

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Dijrectives, Part 2
e main task of the joint technical committee is to prepare International Standards. Draft Inter
andards adopted by the joint technical committee are circulated to national bedies for voting. Public
International Standard requires approval by at least 75 % of the national bodies casting a vote.
D/IEC 29199-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tech
bcommittee SC 29, Coding of audio, picture, multimedia and hyperinedia information, in collaborat
J-T.
is part of ISO/IEC 29199 is technically aligned with ITU-T Rec. T.832 but is not published as identicq

is third edition cancels and replaces the second. edition (ISO/IEC 29199-2:2010), which ha
hnically revised.

D/IEC 29199 consists of the following parts; ander the general title Information technology — JR
age coding system:

Part 1: System architecture [Technical-Report]
Part 2: Image coding specification

Part 3: Motion JPEG XR

Part 4: Conformance testing

Part 5: Reference software

nd IEC
nmental
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hational
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nology,
on with

| text.
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PEG XR
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Introduction

This part of ISO/IEC 29199 specifies requirements and implementation guidelines for the compressed representation of
digital images for storage and interchange in a form referred to as JPEG XR. The JPEG XR design provides a practical
coding technology for a broad range of applications with excellent compression capability and important additional
functionalities. An input image is typically operated on by an encoder to create a JPEG XR coded image. The decoder
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rates on the coded image to produce an output image that 1S either an exact or approximate reconstruction o1
age.

hary intended application of JPEG XR is the representation of continuous-tone still images such as phatograp
The manner of representation of the compressed image data and the associated decoding process ‘are’ specifi
rocesses and representations are generic, that is, they are applicable to a broad range of applications us
sed color and grayscale images in communications and computer systems and within embedded applicatio
o mobile devices.

D08, the most widely used digital photography format is a nominal implementation:of the first JPEG cod
s specified in ITU-T Recommendation T.81 | ISO/IEC 10918-1. This encoding uses'a bit depth of 8 for each
hinnels, resulting in 256 representable values per channel (a total of 16 777 216 répresentable color values).

manding applications may require a bit depth of 16, providing 65 536 représentable values for each channel, &
in over 2.8 * 10" color values. Additional scenarios may necessitateJeven greater bit depths and sam|
tation formats. When memory or processing power is at a premium, as few as five or six bits per channel may

G XR specification enables greater effective use of compréssed imagery with this broadened diversity
on requirements. JPEG XR supports a wide range of color encoding formats including monochrome, R
and n-component encodings using a variety of unsigfied integer, fixed point, and floating point decoq
h| representations with a variety of bit depths. The prifnary goal is to provide a compressed format specificat
ate for a wide range of applications while keeping(the implementation requirements for encoders and decod
A special focus of the design is support for emerging high dynamic range (HDR) imagery applications.

b and decoding implementation requirethents. It also provides an extensive set of additional functionaliti

3
o

[igh compression capability

ow computational and memoty resource requirements

ossless and lossy compression

mage tile segmentatiofi-for random access and large image formats

upport for low-cemplexity compressed-domain image manipulations

upport for embédded thumbnail images and progressive resolution refinement
mbedded‘codestream scalability for both image resolution and fidelity

LIpha plane support

itzexact decoder results for fixed and floating point image formats.

he
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1S

R combines the benefits of optimized image quality and compression efficiency together with low-compleXity

s,

Important detailed design properties include:

Vi

High performance, embedded system friendly compression

Small memory footprint

Integer-only operations with no divides

A signal processing structure that is highly amenable to parallel processing

Use of the same signal processing operations for both lossless and lossy compression operation
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— Support for a wide range of decoded sample formats (many of which support high dynamic range imagery):

e Monochrome, RGB, CMYK or n-component image representation
e 8- or 16-bit unsigned integer

e 16- or 32-bit fixed point

e 16- or 32-bit floating point

e Several packed bit formats

¢ 1-bit per sample monochrome

e 5-or 10-bit per sample RGB
e Radiance RGBE

e algorithm uses a reversible hierarchical lifting-based lapped biorthogonal transform. The tranSform has
pge representation capability and requires only a small number of integer processing operations for both enco
coding. The processing is based on 16x16 macroblocks in the transform domain, whichymay or may n
brlapping areas in the spatial domain (with the overlapping property selected under the control of the encod

e algorithm provides native support for both RGB and CMYK color types by cenyerting these color form
ernal luma-dominant format through the use of a reversible color transform.(ITn\addition, YUV, monochr
itrary n-channel color formats are supported.

e transforms employed are reversible; both lossless and lossy operations,are supported using the same all
ing the same algorithm for both types of operation simplifies implementation, which is especially impo
bedded applications.

wide range of numerical encodings at multiple bit depths are supported: 8-bit and 16-bit formats, as well as a
pcialized packed bit formats, are supported for both lossy and Tessless compression. (32-bit formats are support
sy compression.) Up to 24 bits are retained through the.yafious transforms. While only integer arithmetic is
ernal processing, lossless and lossy coding are supported-for floating point and fixed point image data — as w
pger image formats.

e main body of this part of ISO/IEC 29199 specifies the syntax and semantics of JPEG XR coded images
ociated decoding process that produces an output image from a coded image. Annex A specifies a tag-b
rage format for storage and interchange.of such coded images. Annex B specifies profiles and levels, which d
hformance requirements for classes of ehcoders and decoders. Aspects of color imagery representations a
nagement are discussed in Annex C: The typical expected encoding process is described in Annex D.

e International Organization for-Standardization (ISO) and International Electrotechnical Commission (IE
ention to the fact that it is claimed that compliance with this document may involve the use of patents.

D and IEC take no positien/concerning the evidence, validity and scope of these patent rights.

e holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences under re
| non-discrimindtopy terms and conditions with applicants throughout the world. In this respect, the statemer
ders of these-patent rights are registered with ISO and IEC. Information may be obtained from the companies
nex E.

entiofi;is drawn to the possibility that some of the elements of this document may be the subject of patent rig

kign provides encoding and decoding with a minimal memory footprint suitable for embedded implementationy.

n those identified above. ISO and IEC shall not be held responsible for identifying any or all such patent rightd.
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IN

TERNATIONAL STANDARD ISO/IEC 29199-2:2012(E)

Information technology — JPEG XR image coding system —

P

art 2:

Image coding specification

Th
co

N

Fol

3.1

Scope

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

Normative references

Terms and definitions

adaptive coefficient normalization

pa
co

3.2

Hed part, in a manner designed to control (i.€., "normalize") bits used to represent the VLC-coded part

NOTE The fixed-length coded part of DC coefficients and low-pass coefficients is called FLC refinemen|
fixed-length coded part of high-pass coefficients is called flexbits.

adaptive inverse scanning

pal
m

3.3

dified, based on theZstatistics of previously-parsed transform coefficients

adaptive VEC

pa
an

onga finite set of fixed tables, based on the statistics of previously-parsed instances of this syntax element

rily for

rmative references having a scope that is limited to the use of the file format-specified in Annex A are listed in A.2.

I the purposes of this document, the following terms and definitions apply.
NOTE Definitions of terms having a scope that is limited to the use of the file format specified in Annex A fare listed
in A.2.

[sing sub-process where transform coefficients are dynamically partitioned into a VLC-coded part and a fixefl-length

t and the

'sing sub-process whete the zigzag scan order associated with a set of transform coefficients is dynhmically

'sing sub-process where the code table associated with VLC parsing of a particular syntax element is switched,

34

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

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

3.5
block
mxn array of samples, or an mxn array of transform coefficients

©l
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block index
integer in the range 0 to 15 identifying, by its position in raster scan order, a particular 4x4 block within a partition of a
16x16 block into 16 4x4 blocks

3.7
byte

sequence of 8 bits

3.8
byte-ali
bit in a

3.9
chrom

a
compoJent of the primary image plane with non-zero index, or the transform coefficients\and sample valj

associat

3.10
coded b
coded
non-zer

3.11
coded b
coded

coeffici¢nts in the macroblock

3.12
coded b
coded b

3.13

codestr
sequenc
bit of th
codestr

by the npost significant bit of the second byte (which is the ninth bit of the codestream), and so on, up to and includ
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

3.15
context
possible

3.16
context

bd with this component

ock pattern high-pass
ock pattern high-pass is a syntax element indicating the coded block status, i.e. the presence or absence
high-pass transform coefficients, for each of the blocks in the macroblock

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

ock status
Iock status is an indication of the presence or absence of non-zero transform coefficients in that block

am

e of bits contained in a sequence of bytes from which syntax elements are parsed, such that the most signific
e first byte is the first bit of the codestream, the next most significant bit of the first byte is the second bit of
am, and so on, to the least significant bit of the first byte (which is the eighth bit of the codestream), follow

samples assoeiated with an image plane

value of a specific instance of a context variable

bned J
fodestream is byte-aligned if its position is an integer multiple of 8 bits from the beginning of the codestream,
where the first bit in the codestream is at position 0

1CS

of

hnt
he
ed

ng

variable

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

syntax e

3.17

lement

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

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

3.19

de

coder

embodiment of a parsing process and decoding process

3.20

de
pr

3.21

de

pr
be

3.32

coding process

cess of computing output sample values from the parsed syntax elements of the codestream

quantization
cess of rescaling the quantized transform coefficients after their value has been parsed fronijthe codestr
fore they are presented to the inverse transform process

digcriminant

co

lective term for one of DiscrimVall or DiscrimVal2, which are the two member“variables of an instang

adaptive VLC data structure specified in subclause 5.5.5.

3.23

en

coder

enjbodiment of an encoding process

3.24

en
pr

3.5

€X

Foding process
cess of converting source sample values into a codestreanr conforming to this part of ISO/IEC 29199

ended image

image produced by the decoding process prior to-windowing

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

3.26

fil

h

finfite-length sequence of bytes that is accessible to a decoder in a manner such that the decoder can obtain accd

da

mgmory or by performing”jposition seek" operations to specified positions within the sequence of bytes)

3.27

fil
Sp

e format
bcified structure for the content of a file

3.28
fiX|ed-length code (FLC)

am and

e of the

Ss to the

a at specified positions(within the sequence of bytes (e.g. by storing the entire sequence of bytes in randotn access

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

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

3.30
flexbits
fixed-length-coded part of the high-pass coefficient information which is parsed using adaptive fixed-length codes

©l
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3.31

frequency band

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

3.32

frequency mode

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

3.33
hard tiles
codestr¢am structure mode where the overlap operators are not applied across tile boundaries; instead, boundary-over|ap
operatorfs are applied at tile boundaries

3.34
high-paps coefficient
third sulpset, when the transform coefficients that are contained in a specific macroblock and.a spécific component pre
partitionjed into 3 subsets

3.35
image
result oflthe decoding process, consisting of a primary image plane and an optional alpha image plane

3.36
image plane
collectiye term for a grouping of the components of the image

3.37
initial lgvel value
one of tyo values used to compute the VLC-coded part of alransform coefficient

3.38
internal color format
color fofmat associated with the spatial-domain samples obtained through the inverse transform process and the sample
reconstyuction process, and distinguished from'the output color format associated with the output formatting procgss

3.39
inverse [core transform (ICT)
two steps of the inverse transform process that involve processing of transform coefficients associated with egch
macrobjock independently, withno overlap filtering

3.40
inverse fransform process
part of the decoding process by which a set of dequantized transform coefficients are converted into spatial-dompin
values

341
inverse scanning

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

3.42

little-endian form

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

4 © ISO/IEC 2012 — All rights reserved
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3.43

low-pass coefficient

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

3.44

luma

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

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

3.45

mgcroblock
collection of transform coefficients or samples, across all components, that have the same indices i and j with rgspect to
a thacroblock partition

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

347

ouftput bit depth
r;rresentation, including the number of bits and the interpretation 6f the bit pattern, used for the sample valug¢s of the
oufput image that are the result of the decoding process

3.48
ouftput color format
color format associated with the output image that is th¢-result of the decoding process

3.49

ouftput formatting process
process of converting the arrays of samples-(that are the result of the sample reconstruction process) into the output
samples that constitute the output of the 'decoding process

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

3.30
ouftput image height
helght of the sub-array effhe luma component of the primary image plane that is output by the decoding procgss

3.31
ouftput image width
wiflth of the sub-array, of the luma component of the primary image plane that is output by the decoding procgss

3.32
overlap filtering
steps of the inverse transform process that involve processing of transform coefficients across adjacent blocks and
macroblocks

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

3.53

parsing process

process of extracting bit sequences from the codestream, converting these bit sequences to syntax element values, and
setting the values of global variables for use in the decoding process
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3.54
prediction
process of computing an estimate of the sample value or data element that is currently being decoded

3.55
prediction residual
difference between the result of the prediction process invoked for a sample or data element, and its intended value

3.56
primary image plane
image pllane that consists of all image components that are not a part of the alpha image plane

3.57
QP indgx
integer, |which for a particular frequency band and macroblock specifies the index into the table ©f quantization
paramefers available for this frequency band and tile

NOTE The QP index thereby selects, for this macroblock, the quantization parameter used for the dequantization] of
the ttansform coefficients in the specific frequency band.

3.58

QP set
set of qpantization parameters associated with a particular frequency band, cotresponding to the luma and chroma
components

3.59
quantizption parameter (QP)
value used to compute the scaling factor for the dequantization“of a transform coefficient, before the invefse
transform process is applied

3.60
raster sfan order
scan order in which a two-dimensional array of values.is scanned row-wise from left to right, and the rows are scanijed
from thq top row to the bottom

3.61
refinemjent
process pf modifying a predicted or partially-computed transform coefficient

3.62
run
number fof zero valued coeffieient levels that precede a non-zero valued coefficient level in the zigzag scan order during
the invefse scanning process

3.63
sample feconstruction process
process pf coanverting dequantized transform coefficients into samples of the image

3.64
soft tiles
codestream structure mode where the overlap operators are applied across tile boundaries

3.65

spatial co-location

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

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

spatial mode

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

3.67

spatial transformation

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

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

3.48
st4rt code
biff pattern that specifies the beginning of a tile packet or other distinguished, contiguous set of_8yntax elemeryts in the
coflestream

3.49
tile
collection of macroblocks that have the same indices i and j with respect to a tile pantition

NOTE Each tile corresponds to the macroblocks for a rectangular region.6f the image.

3.70
tile packet
coptiguous subset of the codestream, which contains the coded syntax elements associated with a specific tile

3
til¢ partition
paftition of the image into rectangular arrays of macroblocks, as specified in subclause 6.4

3.2

trgnsform coefficients
values, associated with each specific macroblock and specific component, that — after dequantization — form the
ingut arrays into the inverse transform process

3.13
variable-length code (VLC)
cofle which assigns a finitesset.0f allowable bit patterns to a specific set of values, where each bit pattern is potentially of
a different length

3.74
VILC refinement
ong of two vatués used to compute the VLC-coded part of a transform coefficient

NOTE The number of bits required to specify the VLC-refinement is dependent on the value of the initial leyel value.
The VLC refinement is added to the initial level value to produce the VL.C-coded part of the transform coefficient.

3.75

windowing

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

3.76

zigzag scan order

adaptive ordering for the inverse scanning process, which assigns array indices to each subsequent transform
coefficient parsed from the codestream
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4

Abbreviations

For the purposes of this document, the following abbreviations apply. Abbreviations having a scope that is limited to the

use of th
CBPHP
CBPLP
FCT
FLC

e file format specified in Annex A are listed in subclause A.4.
Coded block pattern high-pass
Coded block pattern low-pass
Forward core transform

Fixed-length code

HP
ICT
JPEG
LP
LSB
MSB
QP
VLC

5

5.1
This Int

Normati

requirenpents to be followed strictly in order to conform to this-Specification and from which no deviation is permitted

conforni

Informal

editorially without affecting interoperability. All«text in this International Standard is normative, with the follow

exceptid
the prea
subclaug
conformny

The key]

The key
conform
"reserve

5.2

NOT]
speci

High-pass

Inverse core transform

Joint Photographic Experts Group
Low-pass

Least significant bit

Most significant bit

Quantization parameter

Variable-length code

Conventions

Conformance language
brnational Standard consists of normative and informative textt

ve text is that text which expresses mandatory requiretnents. The word "shall" is used to express mandat

ing implementation is one that fulfils all mandatory'requirements.

ive text is text that is potentially helpful to the(ser, but not indispensable and can be removed, changed or adq

ns: the Introduction, any parts of the text.that are explicitly labelled as "informative", statements appearing W
mble "NOTE", behaviour described using the word "should", and pseudocode comments delimited as specified
e 5.2.7. The word "should" is used to describe behaviour that is preferred but is not necessarily required
ance to this Specification.

words "may" and "need not".indicate a course of action that is permissible in a conforming implementation.

word "reserved" indi€ateS a provision that is not specified at this time, shall not be used in implementati
ing to this version(of;this Specification and may be specified in the future. The keyword "forbidden" indicq
d" and in addition ihdicates that the provision will never be specified in the future.

Operators

FE — Manyof the operators used in this Specification are similar to those used in the C programming language (e.g.
fied'tn ISO/IEC 9899).

ns
tes

as
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5.2.1  Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary prefix operator)
++ Increment by one as a unary postfix operator
- - Decrement by one as a unary postfix operator

* Multiplication

b e 1 1 R 1 1
HICECT UIVISTOIL, WIITTT UIT TTSUIU IS T UIIt4ated toOwalds ZCT0

+ Division in mathematical equations where no truncation or rounding is intended

x Division in mathematical equations where no truncation or rounding is intended
y
% X % a is defined as the modulus operator for x >=0 and a > 0
x % a is defined as —(((—x) % a)) forx <O and a> 0
NOTE 1 — Although sometimes used as unary prefix operators in the C programming langtage, the "++" and "— —" grithmetic

operators are not used as unary prefix operators in this Specification.
NOTE 2 — The division operators used in this Specification differ somewhat from those-tised in the C programming langupge.

5.2.2  Logical operators

[ Logical OR

&& Logical AND

! Logical NOT
TRUE/FALSE convention:

— When a variable or arithmetic expression’ having a non-zero value is evaluated as a logical condition jor as an
element of a logical expression, it is\evaluated as TRUE, and when a variable or expression having a zerq value is
evaluated as a logical condition ot as'an element of a logical expression, it is evaluated as FALSE.

—  When the value of a variable‘er arithmetic expression is compared to the value TRUE (in text or using a rglational
operator), it is compared to\the value 1, and when the value of a variable or arithmetic expression is conjpared to
the value FALSE (in tekt Of using a relational operator), it is compared to the value 0.

—  When a variable is.set)to the value TRUE, it is set to the value 1; and when a variable is set to the value FALSE, it
is set to the value 0.

5.2.3  Relational operators
> Greater than

>= Greater than or equal to

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

I= Not equal to

© ISO/IEC 2012 — All rights reserved 9
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5.2.4  Bit-wise operators

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

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

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

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

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

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

5.2.5 | Assignment operators
= Assignment operator
+= x +=ais defined asx=x+a

—= x —= a is defined as x =-x(5a

A= x "=ais defined as x'=x *a
*= x *=aisdefinedasx=x*a
<<= X <<=ais defined as x = (x << a)
>>= x >>7ais defined as x = (x >> a)

5.2.6 | Precedencé order of operators

Operatofs are listéd below in descending order of precedence. If several operators appear in the same line, they hgve
equal pfecedence. "When several operators of equal precedence appear at the same level in an expression, evaluatjon
proceed$ acéording to the associativity of the operator either from right to left or from left to right.
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Table 1 — Precedence order of operators

5.2.7 Pseudocode operations
Psgudocode is organized into "functions" that are specified in tabular form. A sample pseudocode table is pres
Taple 2. Pseudocode statements are each expressed as a row of the table. A group of statements enclosed

br
be
cu

A
™

N
wh
va
va
ca
thg
co
wi

Ps

Sp
an

Operators Type of operation Associativity
O, [1,. Expression Left to Right
++, —— Postfix operators Right to Left
-, ! Unary

X Multiplication and division Left to Right

o Y

+, - Addition and subtraction Left to Right
<<, >> Arithmetic shift Left to Right
<, > <= >= Relational Left to Right
== |= Equality test Left to Right
&, |, Bit-wise operator Left to.Right
&&, || Logical operators Left to Right
7, =, *= 4=, = A= <<= >>= Assignment operators Right to Left

ckets "{...}" is a compound statement and is treated funictionally as a single statement. Each function d
bins with a table row specifying the name of the function, the arguments of the function, and containing the
[y bracket of a compound statement.

buments passed to a pseudocode function are listed in parenthesis after the function name, and are comma d
o types of arguments are used in pseudocode function definitions, as follows:

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

— Arrays, which are passed by refererce (e.g. arrayArgument?2| ] in Table 2).

n-array variables that are passed:to a function are addressed within the function using a local variable nar
en a global variable (subclause-5.5) has been used when calling the function. Since non-array variables are p|

ue of the (local or globab-variable that was used as a calling argument by the invoking process when the fun
led. Since arrays are.passed to a function by reference rather than by value, any changes made within the fu:
values of entri€s)in such an array (specified using a local array name within the function) do persist
mpletion of thépseudocode function. Changes made to the values of global variables (subclause 5.5) that are
hin a function using the name of the global variable also persist after the completion of the pseudocode functi

ented in
in curly
cfinition
opening

Elimited.

he, even
hssed by

ion was
ction to
hfter the
pecified
n.

ue rather than by referenee, any changes made to the value of the local variable within the function do not %fect the

budocede, functions may or may not return a value. When a function returns a value, the value that is re

1 ‘the value that is returned is the value of the expression that is specified after the term "return" in the ps

rned is

peified by a "return” statement that appears as the last statement in the compound statement that specifies the function,

docode

return statement. Functions that do not return a value do not contain a return statement. Table 2 provides an example of a
function definition for a function that returns the value of a variable valueReturn.

©l

Table 2 — Example of a pseudocode table

ExamplePseudocode(valueArgumentl, arrayArgument2] |) { Reference
statement

return valueReturn

SO/IEC 2012 — All rights reserved
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The pseudocode convention shown in Table 3 is used to indicate an informative comment.

Table 3 — Example of a pseudocode comment

ExamplePseudocodeComment( ) { Reference

/* this is a comment start and end */

}
The pseudocode convention shown in Table 4 specifies repeated execntion of a "condition" checking followed by a
"statemgnt" until the "condition" is no longer TRUE.
Table 4 — Example of a pseudocode while statement
ExamplePseudocodeWhileStatement( ) { Reference
while (condition)
statement
}

The psepdocode convention shown in Table 5 specifies evaluation of an "initial statement" followed by evaluation of a
"conditipn", and when the "condition" is TRUE, it specifies repeated execution ofia “primary statement" followed by a
"subseqpent statement", and repeating the checking of the condition and the, execution of the primary statement gnd
subsequgnt statement until the checked condition no longer evaluates to the valtie TRUE.

Table 5 — Example of a pseudocode for statement
ExamplePseudocodeForStatement( ) { Reference
for (initial statement; condition; subsequent statément)
primary statement
}
The psefidocode convention shown in Table 6 specifies that a "statement" is executed if a "condition" is TRUE, and that
an "altefnate statement" is otherwise performed.
Table 6,~Example of a pseudocode conditional statement
ExamplePseudocodeConditionalStatement( ) { Reference
if (condition)
statement
else
alternative statement
}
The psepdocode convention shown in Table 7 specifies the initialization of the values of entries in an array. In this
exampld A0} is set equa i is-set equal to-4i is-set-equal to-6.and is setequal to 8.

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

ExamplePseudocodeArraylnitalization( ) { Reference

iAr[ ]1={2,4, 6, 8}

}
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5.2.8 Mathematical functions

Ceiling(x) Ceiling function. Returns the smallest integer that is greater than or equal to the real-
valued argument Xx.

Floor(x) Floor function. Returns the largest integer that is less than or equal to the real-valued
argument X.

Max(a, b) Maximum of two arguments as specified in Table 8.

Table 8 — Definition of mathematical function Max( )

Max(a, b) { Reference
if (a>=b)
valueReturn = a
else
valueReturn = b
return valueReturn
}
Min(a, b) Minimum of two arguments as specified in Table 9.
Table 9 — Definition of mathematical{function Min( )
Min(a, b) { Reference
if (a<=b)
valueReturn = a
else
valueReturn = b
return valueReturn
I
Abs(x) Absolute value of an argunmient as specified in Table 10.
Tablé.}0 — Definition of mathematical function Abs()
Abs(x) { Reference
if (x >=0)
valueReturn = x
else
valueReturn = —x
return valueReturn
I
Sign(x) 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
valueReturn = —1
return valueReturn
}
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Round(x) Rounding to integer value as specified in Table 12.

Table 12 — Definition of mathematical function Round()

Round(x) { Reference
valueReturn = Sign(x) * Floor(Abs(x) + 0.5)
return valueReturn

}
Clip(x, iLow, Clip integer value to a range lie between integers iLow and iHigh is specified in
THig) Tabte 13"
Table 13 — Definition of mathematical function Clip()
Clip(x, iLow, iHigh) { Reference

valueReturn = Max(x, iLow)
valueReturn = Min(valueReturn, iHigh)
return valueReturn

Sqrt(x) Square root of x

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

Table 14 — Definition of mathematical function Numones( )

Numones(x) { Reference
valueReturn = 0
while (x 1=0) {

valueReturn += (x'& 1)

X >>=1
}
return valueReturn
I
53 Syntax and semantics notation

5.3.1 | Method of specifying syntax in tabular form

The syntax tables speeify a superset of the syntax of all allowed codestreams. Additional constraints on the syntax njay
also be gpecified,¢ither directly or indirectly, in other subclauses.

Table 1§ lists an"example of pseudocode used to specify the syntax. When the name of a syntax element appears in fhe
first colymny it specifies that the syntax element is parsed from the codestream and the codestream pointer is advanced to
the next bt positiom beyormd the symtax elemert i the TodestreanT parsing process.

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

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

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

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

of other previously parsed syntax elements.

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

- e(v): entropy coded syntax element where the most significant bit of the code is the left-most bit. This indicates a

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

— ae(v): adaptive entropy coded syntax element where the most significant bit of the code is the left most bit. This

Th
ass

5.1

SY
su

5.]

Th
ap
m
eld
eld
eld
of

sa
su

Uq
su
so

foLowing byte, if the bit pattern for the syntax element is longer than 8, etc. After the bits of the first syntax eler

indicates a variable-length coded syntax element, where the VLC table used to parse the syntax el
selected adaptively based on the values of other previously parsed syntax elements.

bment is

e column with the heading "Reference" provides one or more links to semantics or information about-cofistraifits on an

ociated 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) 532

5.2  SYNTAX_ELEMENT_EXAMPLE semantics

NTAX ELEMENT EXAMPLE is an example 8-bit-§yntax element having semantics and constraints specifig
bclause, as identified in the "Reference" column of the associated syntax table in subclause 5.3.1.

5.3 Syntax functions

e codestream is formatted as an ordered\sequence of bytes. These bytes contain sequences of bits. The syntax
bear within a sequence of bits in the order specified in the syntax tables, and for each syntax elen
st-significant bit of the syntax element representation is the first bit in the sequence of bits that represents th
ment and the least-significant bit of the syntax element representation is the right-most bit. The bits of th
ments shall be extracted from the bytes that represent them by extracting the most-significant bit of the firs
ment from the most-significant bit of the first byte, the next bit of the syntax element from the next less signil
the byte, etc., proceéding through to the least-significant bit of the byte and then the most-significant b

d in this

tlements
ent, the
e syntax
E syntax
t syntax
icant bit
t of the
hent, the

e convention shall be followed, starting at the next bit, for the bits of the next syntax element and then for the

bsequent syntax(elements.

less otherwise specified, the bytes of the codestream are ordered in the sequence of bytes that forms the co
h that-the conceptually-first byte is placed first in the sequence of bytes, the second byte is placed second,
called "network" or "big endian" byte ordering is used for the codestream unless otherwise specified).

lestream
pte. (i.e.,

T

€ Syntax functions 1S BY1E ALIGNED( ) and POS_SEER{(iTCoc) are used inm the specification of some syntax
structures. These functions assume the existence of a codestream pointer referring to the position of the next bit to be
read from the codestream by the parsing process. Prior to operation of the parsing process, the codestream pointer refers
to the position of the first bit of the first byte of the codestream.

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

— 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.

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

codestre

5.4
54.1

am corresponds to iLoc equal to 0.

Formatting conventions

Variable and array naming conventions

Global variables are in scope throughout more than one subclause. The extent of the scope of each global variable is
specified in subclause 5.5. The name of a global variable begins with an upper case letter and includes some lower case

letters o
variable
instance
alpha in

In the p
which s¢
referenc
variable

The sco
case lett

Square
one-dim
arrayEx

5.4.2

An instg
like glolt
associat
variable

5.4.3

Syntax ¢

5.44

Syntax

upper cz
parenthg
with the

5.4.5

Mnemo]:ics are used~to refer to constant values taken by syntax elements in the parsing and decoding proce

Mnemo
mnemof|
value th:

I numerals, and does not include underscore characters, e.g. as in "ImageWidth". With the exception of 1m3
5 (subclause 5.5.1), all other global variables are associated with a specific image plane; therefore, a_sepaf]
of each global variable exists for the primary image plane and for the alpha image plane (in the case,where
lage plane is present).

hrsing syntax and pseudocode tables of Clause 8, the global variable IsCurrPlaneAlphaFlag isyused to indic|
t of global variables are referenced in the table; if IsCurrPlaneAlphaFlag is equal to FALSE, th¢ global variab
ed are those of the primary image plane; otherwise (IsCurrPlaneAlphaFlag is equal(to~TRUE), the glo
5 referenced are those of the alpha image plane.

be of local variables is limited to one subclause. They begin with a lower case lettéranid may include some up
ers or numerals and do not include underscore characters, e.g. iValue.

parentheses are used for the indexing of arrays. Arrays can be either syntax elements or variables.
ensional array is referred to as a list. Array indices count from zero/ For example, the first element
hmple[ | is arrayExample[0].

Data structure naming conventions

nce of a data structure is labelled by bold-faced letters. The member variables of a data structure are format
al variables. To reference a member variable of a data’§triicture instance, the data structure instance's namg
bd with the member variable with a period ".", e.g. AbslevellndexDCLum.TableIndex indicates that the mem
Tablelndex is part of the data structure instance AbslevellndexDCLum.

Syntax element naming conventions

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

Syntax structure naming conventions

tructure is a term used to refer'to a collection of syntax elements. Syntax structures are identified by a namg
se letters, in which at least{on€ underscore character is included, followed by a pair of parentheses. Within
ses, there may be one of more variables. These variables correspond to variables or values that are associa

Naming conventions for mnemonic constants

ics constants are in upper case letters without underscores and may include numbers, e.g. YUV420. 1]
ic constants that are used are defined in Table 16. The mnemonic constant RESERVED is used to specifi
it is'reserved for future use.

pseudocode table for this Syntax structure when the syntax structure is invoked within another syntax structurg.

g€
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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

BD1WHITEI1, BD8, BD16, BD16S, BD16F, BD32S, Table 23 for syntax element OUTPUT BITDEPTH

BD5, BD10, BD565, BDIBLACK1

ALL, NOFLEXBITS, NOHIGHPASS, DCONLY Table 29 for syntax element BANDS PRESENT

5.4.6 Naming conventions for numerical values

Infeger numbers are expressed as bit patterns, hexadecimal values, or decimal numbers. Bitpatterns and hexgdecimal
values have both a numerical value and an associated particular length in bits.

Hdxadecimal notation, indicated by prefixing the hexadecimal number by "0x", may.be-used instead of binary ndtation to
dehote a bit pattern having a length that is an integer multiple of 4. For example,-0x41 represents an eight-bift pattern
haying only its second most significant bit and its least significant bit equal to-1. Numerical values that are §pecified
unfler a "Code" heading in tables that are referred to as "code tables" are bit(pattern values (specified as a string |of digits
eqpal to 0 or 1 in which the left-most bit is considered the most-significarit bit). Other numerical values not prdfixed by
"0k" are decimal values. When used in expressions, a hexadecimal walue is interpreted as having a value equpl to the
value of the corresponding bit pattern evaluated as a binary representation of an unsigned integer (i.e., as the valfie of the
number formed by prefixing the bit pattern with a sign bit equal to 0 and interpreting the result as a two's conjplement
representation of an integer value). For example, the hexadecimal value OxF is equivalent to the 4-bit pattern '111]1' and is
interpreted in expressions as being equal to the decimal number 15.

5.4.7  Array dimensions convention

Arfays of height valHeight and width valWidth are denoted as having dimension valHeightxvalWidth. For varipble and
fuipction names, the character "x" is used as the ctoss symbol. Otherwise, the cross symbol "x" is used in all othei cases.

5.% Global variables

In subclause 5.5, bold font formatting is used to identify each global variables in the subclause it is described. Changes in
value applied to global variables-persist beyond single pseudocode functions. The scope of that persistence is gpecified
by|the subclause in which the global variable is defined.

5.5.1 Image variables

THe following global variables maintain information relevant to the entire image.

E]tendedWidth[i]: This variable specifies the extended image width of component i.
ExtendedHeight[i]: This variable holds the extended image height of component i.

InflexOffsetTile[n]: This variable specifies the offset of the n-th tile packet from the start of the coded imag¢ data in
bytes:

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

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

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

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

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

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

NumBapdsOfPrimary: This variable holds the value associated with the value of NumBands (defined |in
subclauge 5.5.2) for the primary image plane.

SubseqyentBytes: 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 follpwing global variables maintain information relevant for all tiles of the current imagé¢lane.

IsCurrRlaneAlphaFlag: 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 whicl’set of image plane variables, file
variablep, and macroblock variables are being referenced.

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

NumBapds: This variable holds the value associated with the number of frequency bands present in the codestream for
the curr¢nt image plane. Its value can be obtained by calling DetermiineNumBands( ) (subclause 8.4.4).

™
5}

NumLPQPs: This variable holds the value associated withsthe number of low pass QP sets. This variable may hav
constant value over an image plane or it may vary from tilg to tile.

NumHRQPs: This variable holds the value associated-with the number of high pass QP sets. This variable may hav
constanf value over an image plane or it may varytom tile to tile.

MBQPIndexLP[MBx][MBYy]: (MBx and MBy-are defined in subclause 5.5.4) This variable holds the QP index into the
table of|quantization parameters for LP_coefficients, corresponding to the macroblock indexed by MBx and MBy. The
same indlex applies for all color compofients.

MBQPIndexHP[MBx][MBy]: (MBx’and MBy are defined in subclause 5.5.4) This variable holds the QP index into fhe
table of|quantization parameters\for HP coefficients, corresponding to the macroblock indexed by MBx and MBy. The
same indlex applies for all celor-components.

™
5}

MbDCILP[MBx|[MBy}illj]: (MBx and MBy are defined in subclause 5.5.4) When j is equal to 0, this variable holds the
DC trangform coefficient for the macroblock indexed by MBx and MBYy, associated with the color component indexed|by
i. For ngn-zero values of the index j, this variable holds the j-th LP transform coefficient for the macroblock indexed|by
MBx arld MByjiand associated with the color component indexed by i. The index j ranges from 0 to 15 for luma
compongnts<ofiall color formats and chroma components of all color formats except YUV 4:2:0 and YUV 4:2:2. In fhe
YUYV 4:P:0-chroma component case, j ranges from 0 to 3, and in the YUV 4:2:2 chroma component case, j ranges fror 0
to 7.

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

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

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

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

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

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

ImjagePlane[i][x][y]: This variable holds the sample value associated with the color component i, located/at the|position
indicated by the values x and y, where 0 <= i < NumComponents, 0 <= x < ExtendedWidth[i], 0 k= y <
ExtendedHeight[i], for the current image plane being decoded.

=

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

TileIndexx: This variable holds the column index of the current tile. The valug of TileIndexx is in the ranjge 0 <=
TileIndexx < NumTileCols.

TileIndexy: This variable holds the row index of the current tile. The value ) TileIndexy is in the range 0 <= Ti|elndexy
<INumTileRows.

NymMBInCurrentTile: This variable holds the value associated with the number of macroblocks in the current file.

D(CQuantParamli]: This variable holds the DC quantization parameter for the color component i of the current tjle.

LBQuantParaml(i][j]: This variable holds the LP quantization parameter for the color component i, and the quaptization
parameter index j of the current tile.

HPQuantParaml[i][j]: This variable holds the HP quantization parameter for the color component i and the quahtization
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 colummn index of the current macroblock, with respect to the block indices associqted with
th¢ macroblock partition of the-itnage.

MBYy: This variable holds the row index of the current macroblock, with respect to the block indices associated [with the
mgdcroblock partition ofithe/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.

D(ClInput[i]: This variable holds the DC transform coefficient value for each color component i.

LPInpuf[i[[j]: This variable holds the j-th LP transform coefficient value for each color component 1.

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

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

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

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

5.5.5.1 General

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

AdaptiveVLC data structure template member variables are as follows:

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

1iscrimVal2: This 1s a second variable used to accumulate statistics about the code table choice, used [for
aptively switching to other code tables. When there are more than two code tables for the parsing of a. gi{en
syntax element, the associated AdaptiveVLC data structure instance requires two discriminants.

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

eltaTablelndex: The index selecting which Delta Table is used for modifying DiscrimVally for the currpnt
acroblock.

elta2TableIndex: The index selecting which Delta Table is used for modifying DiscrimVal2, for the currpnt
acroblock.

The collective term discriminant is used, when referring to either DiscrimVall or DiscrimVal2; these two membper
variablep are jointly referred to as the discriminants associated with a specific Adaptiy€VLC data structure instance.

Subclauges 5.5.5.2 through 5.5.5.4 define the instances of the AdaptiveVLC data structure that are used for the parsing of
syntax elements associated with DC, LP, and HP transform coefficients.

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

5.5.5.2| DC adaptiveVLC data structure instances

AbslevelIndDCLum: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax elemdnt,
during parsing of the syntax structure DECODE ABS LEVEL(") (Table 50) from within DECODE _DC( ) (Table 49),
referring to luma DC values. The corresponding TableIndex:chooses between the code tables for the syntax elempnt
ABS LEVEL INDEX, which are specified in subclause 817.14.5.

AbslevellndDCChr: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax elemdnt,
during parsing of the syntax structure DECODEABS LEVEL( ) (Table 50) from within DECODE_DC( ) (Table 49),
referring to chroma DC values. The corresponding TableIndex chooses between the code tables for the syntax elemgnt
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 statistics for the FIRST INDEX syntax element, durjng
parsing pf the syntax structure. DECODE FIRST INDEX( ) (Table 75) from within DECODE BLOCK() (Table 72),
referring to luma LP values. \The corresponding TableIndex chooses between the code tables for the syntax elemgnt
FIRST [NDEX, which ate'specified in subclause 8.7.18.9.7.

DecIndL.PLum0: This-data structure instance accumulates statistics for the INDEX A syntax element, during parsing of
the syntix structute DECODE INDEX( ) (Table 74) from within DECODE_BLOCK( ) (Table 72), referring to luma [LP
values, with the\local variable iContext (local to the pseudocode table for DECODE BLOCK()) equal to 0. The
correspdnding TableIndex chooses between the code tables for the syntax element INDEX A, which are specified| in
subclauge*877.18.9.4.

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

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

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

1 Q7 10 0O 4
supcrausc o7 T8 .

ABsLevelIndLP0: This data structure instance accumulates statistics for the ABS LEVEL INDEX syntax” lement,
dufing parsing of the syntax structure DECODE ABS LEVEL() (Table 50) from within DECODE BLOCK()
(Thble 72), referring to LP values with iContext (local to the pseudocode table for DECODE_BLOCK())) equal fo 0. The
cofresponding TableIndex chooses between the code tables for the syntax element ABS LEVEDNINDEX, which are
sp¢cified in subclause 8.7.14.5.

ABsLevelIndLP1: This data structure instance accumulates statistics for the ABS LEVEL“INDEX syntax glement,
dufing parsing of the syntax structure DECODE ABS LEVEL() (Table 50) from_within DECODE BLOCK()
(Thble 72), referring to LP values with iContext (local to the pseudocode table for DECODE BLOCK( )) equal fo 1. The
cofresponding TableIndex chooses between the code tables for the syntax elemént*‘ABS LEVEL INDEX, which are
sp¢cified in subclause 8.7.14.5.

5.5.5.4 High-pass adaptiveVLC data structure instances

DdcFirstindHPLum: This data structure instance accumulates statisties'for the FIRST INDEX syntax elemen}, during
pafsing of the syntax structure DECODE FIRST INDEX() (Table/5) from within DECODE BLOCK() (Thble 72),
referring to luma HP values. The TableIlndex chooses between, the code tables for the syntax element FIRST [INDEX,
which are specified in subclause 8.7.18.9.7.

DdcIndHPLumO: This data structure instance accumulates statistics for the INDEX A syntax element, during pjrsing of
th¢ syntax structure DECODE INDEX( ) (Table 74) from within DECODE BLOCK (Table 72), referring to Juma HP
vajues, with the local variable iContext (local to\the pseudocode table for DECODE BLOCK()) equal td 0. The
TapleIndex chooses between the code tables for the syntax element INDEX A, which are specffied in
subclause 8.7.18.9.4.

DdcIndHPLum1: This data structure ingtance accumulates statistics for the INDEX A syntax element, during pjrsing of
th¢ syntax structure DECODE INDEX( ){Table 74) from within DECODE BLOCK( ) (Table 72), referring to juma HP
vajues, with the local variable i€ontext (local to the pseudocode table for DECODE BLOCK()) equal td 1. The
TapleIndex chooses between (the code tables for the syntax element INDEX A, which are specffied in
subclause 8.7.18.9.4.

D¢cFirstindHPChr: This-data structure instance accumulates statistics for the FIRST INDEX syntax elemenf, during
pafsing of the syntaxCstructure DECODE FIRST INDEX( ) (Table 75) from within DECODE BLOCK() (Thble 72),
referring to chroma HP values. The TableIndex chooses between the code tables for the syntax element FIRST [INDEX,
wlhich are specifiedin subclause 8.7.18.9.7.

D¢cIndHPChy0: This data structure instance accumulates statistics for the INDEX A syntax element, during pgrsing of
th¢ syntax structure DECODE INDEX( ) (Table 74) from within DECODE BLOCK( ) (Table 72), referring tq chroma
HE values, with the local variable iContext (local to the pseudocode table for DECODE BLOCK( )) equal tp 0. The
Taplélndex chooses between the code tables for the syntax element INDEX A, which are specffied in
subclause 8.7.18.9.4.

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

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

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

DecNumCBPHP: This data structure instance accumulates statistics for the NUM_CBPHP syntax element, during

parsing

of the syntax structure MB_CBPHP() (subclause 8.7.17.2). The TableIlndex chooses between the code tables
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ix element NUM_CBPHP, which are specified in subclause 8.7.17.4.1.

nBIKCBPHP: This data structure instance accumulates statistics for the NUM_BLKCBPHP syntax'¢elemd
arsing of the syntax structure MB_CBPHP( ) (subclause 8.7.17.2). The TableIndex chooses between/the ¢
r NUM_BLKCBPHP, which are specified in subclause 8.7.17.4.2.

F — The number of code tables for the NUM BLKCBPHP syntax element is either 5 or 9,‘depending on
RNAL CLR FMT of the image.

Adaptive coefficient normalization data structure instances

king of syntax elements associated with transform coefficients involves maintaining state variables which

adaptive coefficient normalization. Each frequency band (DC, LP, HP) maintains its own collection of st

b to track these statistics. To denote the association of these variables, a data‘structure is used. The data struct
Model is defined as follows:

ata structure template member variables:

IState[i]: This variable maintains the associated state, where MState[0] represents the information for the lu
omponent, and MState[ 1] represents the information for the chroma components.

IBits[i]: This variable represents the number of bits, where MBits[0] represents the information for the lu
omponent, and MBits[ 1] represents the information for the chroma components.

bwing instances of the Model data structure are used’for the DC, LP, and HP bands:

C: This data structure instance maintains the statistics for the DC band.

ModellJP: This data structure instance maintains the:statistics for the LP band.
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P: This data structure instance maintain$ the statistics for the HP band.

Adaptive CBPHP prediction data structure instance

PHP prediction mechanism\is adapted based on the statistics of CBPHP of previous macroblocks. Each cd

b, the data structure template CBPHPModel is defined as follows:

[Model has threg. meémber variables indexed by i, where i is equal to either 0 or 1. This data structure templ
o independentSets of statistics: one for the luma component, corresponding to i = 0, and one for the chro
ents, corresponding to i = 1. The three member variables are as follows:

BPHPState[i]: This variable maintains the state.

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

ent maintains its own collection of state variables to track these statistics. To denote the association of th¢

nt,
de

the

hre
hte
ire

ma

mna

lor

pte
ma

he

alue of coded status (derived from CBPHP) equal to 1

— CountZeroes[i]: This variable represents the count of blocks, computed as specified in subclause 8.10.2, with the
value of coded status equal to 0.

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

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

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

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

5.6 Adaptive VLC deltaDisc tables

The following global variables maintain lists of the appropriate values of deltaDisc when a syntax element i§ parsed
uslng a VLC having a code table that can be adaptively selected:

ABslevellndexDeltali][j]: This variable holds the value associated with the incremental discriminant value foq the i-th
syhtax element and the j-th code table associated with syntax element ABS LEVEL INDEX (subclause 8.7.14.5).

FirstIndexDeltali][j]: This variable holds the value associated with the incremental discriminant value for the i-th syntax
eldgment and the j-th code table associated with syntax element FIRST INDEX (subclause-8.7.18.9.7).

Inflex1Delta[i][j]: This variable holds the value associated with the incrementaldiscriminant value for the i-th syntax
eldment and the j-th code table associated with syntax element INDEX A (subclause 8.7.18.9.4).

NymCBPHPDeltali][j]: This variable holds the value associated with the(inicremental discriminant value forf the i-th
syptax element and the j-th code table associated with syntax element NUM CBPHP (subclause 8.7.17.4.1).

NymBIKkCBPHPDeltal[i][j]: This variable holds the value associatedwith the incremental discriminant value fof the i-th
syhtax element and the j-th code table associated with syntax element NUM_BLKCBPHP (subclause 8.7.17.4.2)

59 Adaptive inverse scanning tables
THe following global variables maintain lists of the various coefficient scanning orders and related statistics:

LgwpassScanOrder[i]: This variable holds thevalue associated with the location where the i-th lowpass tfansform
cogfficient is put into a block in the raster scan order.

HighpassHorScanOrder][i]: This variableholds the value associated with the location where the i-th highpass tfansform
cogfficient is put into a block in the rasterscan order with horizontal scanning.

HighpassVerScanOrder][i]: This vatiable holds the value associated with the location where the i-th highpass tfansform
cogfficient is put into a block in-the'raster scan order with vertical scanning.

ScpnOrder0[i]: This variable' holds the value associated with the first of two possible initialization valuey for the
loypass and highpass coefficient scans.

ScanOrderl1[i]: Thisyvariable holds the value associated with the second of two possible initialization valueg for the
loypass and highipass coefficient scans.

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

HighpassHorTotals[i]: This variable holds the value associated with the statistics used to determine how the highpass

h 3 tal o H—ardaricirmdatad
OFtZzoftarseaoractis apaatcar

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

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

6.1 General

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

6.2 Image planes and component arrays

An image is composed of one or two image planes: a prlmary 1mage plane and, when present an alpha image plane. An

multiple components; NumComponents (subclause  8.4. 11) spec1ﬁes the number of components, (Wi

1 <= NumComponents <= 4111. For this primary image plane, each component is an ExtendedHeight{i]

same 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
background on which the image is being rendered. A common interpretation of thé.alpha image plane is as a multiplicaf
procgssing (normalized to between 0 and 1) applied to the sample values of the primary image plane. The normalized value of
alphq image plane determines the proportion of the blending. The value O\indicates full transparency and the maxim|
reprepentable value indicates full opacity.

ExtendeflHeight[0] is referred to as the extended image height. It speeifies the number of rows in the /uma array that
processqd within the decoding process. Its value is set equalZto HEIGHT MINUS1 + 1 + TOP_MARGIN
BOTTOM_MARGIN.

ExtendeflWidth[0] is referred to as the extended image width. It specifies the number of columns in the /uma array t
are progessed within the decoding process. Its value is*set equal to WIDTH MINUS1 + 1 + LEFT MARGIN
RIGHT |MARGIN.

The chioma component array sizes are specified such that ExtendedHeight[i] is equal to ExtendedHeight[1] 4
ExtendedWidth[i] is equal to ExtendedWidth[ll ] for all i > 1. The values of ExtendedHeight[1] and ExtendedWidth[1]
specifiedl in Table 17.

Table 17 ~Pseudocode to calculate chroma component array sizes

CalculateChromaComponentArraySizes( ) { Reference

if INTERNAL~CLR FMT ==YUV420) {
ExtendedHeight[ 1] = ExtendedHeight[0] / 2
ExteridedWidth[1] = ExtendedWidth[0] / 2

} else4f (INTERNAL CLR _FMT ==YUV422) {
ExtendedHeight[ 1] = ExtendedHeight[0]
ExtendedWidth[1] = ExtendedWidth[0] / 2

} else {

ed

, fhe

of

he
the
ive
the
Lm

AIe

hat

nd
hre

ExtendedHeight[1] = ExtendedHeight[0]

ExtendedWidth[1] = ExtendedWidth[0]

6.3 Image windowing

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

6.4 Image partitioning

chroma

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

For each specific pair of indices (j, k), the macroblock arrayMB[j][k] is defined to be the~collection o
arffayComplonentMBJi][j][k], for 0 <= i < NumComponents. Across all componenfs)y(all values
arffayComponent[i][j][k] and arrayChromaMBJi][j][K] are spatially co-located.

for 4:2:0

' blocks
of i),

Let 0 = LeftMBIndexOfTile[0] < LeftMBIndexOfTile[1] < ... < LeftMBIndexOfTile[NymTileCols] = MBWidth, and 0

= [fopMBIndexOfTile[0] < TopMBIndexOfTile[1] < ... < TopMBIndexOfTile[NumTileRows] = MBHeight
indreasing sequences of integers, where the sequences are of length NumTileCols + 1 and NumTileRo

defined to be LeftMBIndexOfTile[i+1] — LeftMBIndexOfTile[i]; likewise, the i-th tile height is define
TopMBIndexOfTile[i+1] — TopMBIndexOfTile[i]..Both the tile width and the file height correspond to an
number of macroblocks. The codestream specifies a-tile partition for the image, which impacts the order of the p
sample values associated with the image, as spécified in the codestream parsing and decoding processes.

paytition shall satisfy 1 <= NumTileCols <= 4096, and 1 <= NumTileRows <= 4096.

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

Tiles Internal image

Output image

be two
vs + 1,
25) and
vith any
n], for 0
roblocks
k <

imilarly,
width is
1 to be
integer
hrsing of
The tile

extended
y dashed
shown in

Macroblock

oo ——F

Figure 1 — Informative overview of Image partitions and internal windowing
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6.5

Transform coefficients and frequency bands

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

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

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

-1

~

NOT]
on th

Transfo
coded p

The fixe
as speci

NOT,

6.6

A codes
codestrd
NOT

fact t]
show

the following holds true. The component contains 64 transform coefficients for each macroblock..These

> y . > 9

nstitutes the high-pass coefficients.

the component is a chroma component with a sampling rate of '2 for both the horizontal and verticaldirectio

ansform coefficients are partitioned into three subsets. One set is of size 1, and this coefficient censtitutes the
pefficient of this component. Another set is of size 3; this set constitutes the low-pass coefficients) The third se
f size 60, and constitutes the high-pass coefficients.

f the component is a chroma component with a sampling rate of 2 for the horizontal direction and a sampling 1
f 1 for the vertical direction, the following holds true. The component contains 128 transform coefficients
ach macroblock. These 128 transform coefficients are partitioned into three subsets, One set is of size 1, and {
pefficient constitutes the DC coefficient of this component. Another set is ofsize”7; this set constitutes the /d
ass coefficients. The third set is of size 120, and constitutes the high-pass coefficients.

b hierarchical nature of the transform.

m coefficients are dynamically partitioned into a VLC-coded part'atid a fixed-length coded part. The fixed-len
irt of the DC and low-pass coefficient is called FLC refinement.

-length coded part of the high-pass coefficient is called fléxbits. Flexbits can be carried in a separate tile paq
ied in subclause 6.6.

Codestream structure

tream is laid out in one of two orderings$._called the spatial mode and the frequency mode. In both modes,
am 1is laid out as a header, followed by & Sequence of tile packets.
F — Figure 2 provides an informative @verview of the codestream structure for the spatial mode and the frequency mode. '}

hat tiles can be out of order, and the'fact that there can be codestream segments of unspecified content between the files is
h in Figure 2.

IMG_HDR-{ INDEXTBL TILEA1 TILE2 o o os oo oo oo

Spatial mode

F 2 — This partition of transform coefficients is designed toseontrol the number of bits used to represent the VLC-coded parf.

nd

ns,
64
DC
is

hte
for
his

W-

F 1 — The partitioning of transform coefficients into three sets, and the use of the terms DC, low-pass, and high-pass is baged

bth

et

he

[he
not

DC LOWPASS HIGHPASS FLEXBITS

Frequency mode

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

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

6.7 Precision and word length

Th
Th

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

e SCALED FLAG syntax element specifies whether scaling is performed in the output formatting

tage. If

SUALED_FLAG is equal to TRUE, the final output is divided by 8 in the output formatting stage arid) thus the pffective
précision of the decoding processes such as the inverse transform is higher. If SCALED FLAG is.équal to FALSE, there
is po such division operation on the final output and the effective prevision of the decodingiprocesses of thq inverse
trajpsform is lower.
NOTE - Encoding with SCALED FLAG equal to TRUE typically improves rate-distortion performance for lossy coding
7 Overview of decoder
This clause is informative: it is not an integral part of this Specification.
7.1 General
A block diagram of the decoder, comprising of the parsing processand decoding process, is shown in Figure 3.
Parsing  Process
Image layer MB layér and coefficient A?chtit;ct;?eOf
I and Tile layer » parsing and Inverse [ ! >
Parsing Coefficient scanning selection and
Models
( Decoding Process h
Coefficient Coefficient -
Remapping »|  Prediction p| Dequantization ———»
Sample Reconstruction .
d nd
| 1% levelInverse | 1% level 1‘ 2" level | é Ielvel 1: Output
» _ Transform Overlap filtering [~ ™ Inverse verlap : Formatting
Transform filtering :
\_ J
Figure 3 — Informative decoding process block diagram
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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 inverse scanning
3. Adaptation of VLC table selection and context models.

The decoding process consists of the following stages:

4.  Coefficient remapping

5. Ceeffietentpredietion
6. | Dequantization
7. | Sample reconstruction, which consists of the following stages:
a. First-level inverse transform
b.  When indicated, a first-level overlap filter
c. Second-level inverse transform
d. When indicated, a second-level overlap filter
8. | Output Formatting
Clause {§ specifies the stages in the parsing processes. An overview of these steps is*provided in subclause 7.2.

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

7.2 Overview of parsing process

7.2.1 | Overview of image layer codestream parsing

The imqge level codestream structure is specified in subclause 8.2. It consists of the image header, the header of fhe
primary [image plane, and, when present, the header of the‘alpha image plane. The syntax of the image header is specifjed
by subclause 8.3.

The imajge plane header defines information that is-Uftique to that plane, and its syntax is specified by subclause 8.4.

The tile] index table is used to locate the data’that corresponds to a particular tile. The syntax of tile index tabld is
specifiedl by subclause 8.5.

7.2.2 | Overview of tile layer ecodestream parsing

The syntax of the tile layer is_§pecified by subclause 8.7. A tile-packet consists of a tile-packet header, followed by
compregsed data associated with/macroblocks of the tile.

In spatial mode, all the ‘compressed data pertinent to a macroblock is located together in a single tile-packet and fhe
parsing pf syntax elemefits for a spatial-mode tile is specified in subclause 8.7.2.

In frequency mode, each tile packet contains the data associated with a particular transform band; in this mode, a tfle-
packet i§ classified as a DC tile-packet, a LP tile-packet, a HP tile-packet, or a flexbits tile-packet.

The synfak-elements contained in the DC tile-packet, LP tile-packet, HP tile-packet and flexbits tile-packet are speciffed
in subclauses8:7-3;8:7-5, 8-7.7, and 3. 7.9, Tespectively.

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

7.2.3  Overview of macroblock layer codestream parsing

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

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

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

The VLC table used to parse the syntax elements can be adapted based on the value of previously parsed syntax

elements. The adaptation processes for VLC table selection and other context models are also specified in pseud

ocode in

thg

7.

7.
Th

7.

Th
prd

7.

Th
pr

7.
Sul
TH

3 Overview of the decoding process

3.1  Overview of coefficient mapping

3.2 Overview of coefficient prediction

3.3  Overview of dequantization

3.4  Overview of sample reconstruction

se subclauses.

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

e dequantization process specifies how the transform coefficientsiare scaled by the quantizer parameter,
cess is specified in subclause 9.8. The derivation of the quantization parameter is specified in subclause 9.7.

bclause 9.9 defines the sample reconstruction process.

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

- An inverse core transform (ICT) is applied to each 4x4 block corresponding to reconstructed DC
coefficients arranged in an array known as'the DC-LP array. The first-level inverse transform process is
in subclause 9.9.2.

— An overlap filter operation, when indicated, is applied to 4x4 areas evenly straddling blocks in the DC-I
For images with soft tiles, this filter is applied to all such blocks. For images with hard tiles, this filter i
only to the interior of tiles-Further, an overlap filter is applied to boundary 2x4 and 4x2 areas, as well as|
2x2 corner areas. For images with hard tiles, these filters are additionally applied at tile boundaries. The f]
overlap filtering precess is specified in subclause 9.9.3. For INTERNAL CLR FMT equal to YU
YUV422, alternate-filter operations are applied to the 2x2 interior blocks and 2x1 and 1x2 edge bloc}
chroma componefits. For these cases, a prediction process is used for the corner samples,
'OverlapPostFilter]' in Figure 4 and detailed in Table 154 and Table 155.

coefficients are combined with the reconstructed HP coefficients into a larger array. This coefficient conj
process is specified in subclause 9.9.4.

- 7An ICT is applied to each 4x4 block. The second-level inverse transform process is specified in subclause

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

and this

and this

and LP
pecified

P array.
applied
the four
rst-level
V420 or
(s of the
denoted

— The resulting array contains coefficients of the 4x4 blocks corresponding to the first-level transform. These

bination

A

For images with soft tiles, this filter
only to the interior of tiles. Further, an overlap filter is applied to boundary 2x4 and 4x2 areas, as well as
2x2 corner areas. For images with hard tiles, these filters are additionally applied at tile boundaries. The
level overlap filtering process is specified in subclause 9.9.6.

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

Subclaupe 9.10 defines the outputting process which accounts for the various transformations required to handle

differeng color formats and bit depths.

8 Syntax, semanties;-and parsing process

8.1 General

This clapse specifies the codestream layout, and the processes related to parsing syntax elements from the codestrea
The parging of syntax elements requires information about the order of syntax elements as they occur in the codestrea
along wijth the\manner of correctly interpreting these syntax elements. At a given point in the parsing of the codestrea

the order andpresence of syntax elements is conditional upon the state of the decoder itself at that time (based on
previou I parcpd and infm‘prptpd syntax elements as Qppniﬁpd by the pcpndnnndp of this subclause)

he

he

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.

30

© ISO/IEC 2012 — All rights reserved


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

ISO/IEC 29199-2:2012(E)

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() 84

}
if INDEX TABLE PRESENT FLAG)

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

iBytes = PROFILE LEVEL INFO() 8.6

valueAdditionalBytes = SubsequentBytes — iBytes
for (iBytes = 0; iBytes < valueAdditionalBytes; iBytes++)
RESERVED A BYTE u(8) 8.2.3

}
CODED TILES() 8.7

8.2.2  SubsequentBytes

SubsequentBytes specifies the number of bytes_of subsequent data that precede the CODED_TILES( ). The valye of this
vafiable is determined by a VLW _ESC( )-syntax structure as specified in subclause 8.2.4. When SubsequentBytes is not
eqpal to 0, it is a requirement of codestréam conformance that SubsequentBytes shall not be less than 4.

THhe value of the variable valueAdditionalBytes is derived from the value of SubsequentBytes as shown in the syntax
strpicture table of subclause 8.2.1,

=

The value of valueAdditionalBytes shall be equal to 0 in codestreams encoded according to this versior] of this
Specification. The use of othier values of valueAdditionalBytes is reserved for future specification by ITU-T | ISO/IEC.
Ddcoders shall allow~this variable to have any value and shall use this value to determine the qugntity of
RHESERVED A BYTE syntax elements that follow.

NOTE - Thespurpose of the specification for decoders to allow this variable to have any value is to enable the future defirjition of a
backward<Compatible usage of different values of this variable.

8.2.3 ., "\RESERVED_A BYTE

RHSERVED A BYTE is an 8-bit syntax element. The use of this syntax element is reserved for future specifidation 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.

© ISO/IEC 2012 — All rights reserved 31


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

ISO/IEC 29199-2:2012(E)

8.24
8.24.1

VLW _ESC()

Syntax structure

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

Table 19 — VLW_ESC() syntax structure

8.2.4.2

FIRST BYTE is an 8-bit syntax element that affects the computationof'1Value as specified in subclause 8.2.4.1.

8.2.4.3

SECONDP_BYTE is an 8-bit syntax element that affects the cofiiputation of iValue as specified in subclause 8.2.4.1.

8.2.4.4
FOUR_

8.2.4.5
EIGHT |

VLW ESC() { Descriptor Reference
FIRST BYTE u(8) 8.2.4.2
H R ST BYTE-<OxEB)
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 OXFE, or OXxFF */
iValue = 0 /* Escape Mode */
return iValue
}

FIRST BYTE

SECOND BYTE

FOUR_BYTES

EIGHT_BYTES

BYTES is a 32-bit syntax element that affeots-the computation of iValue as specified in subclause 8.2.4.1.

BYTES is a 64-bit syntax elemént,that affects the computation of iValue as specified in subclause 8.2.4.1.

32
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8.3.1

IMAGE_HEADER()

Syntax structure

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

IMAGE_HEADER() { Descriptor Reference
GDI_SIGNATURE u(64) 8.3.2
RESERVEDB w4y 833
HARD TILING FLAG u(l) 8.3.4
RESERVED C u(3) 8.3.5
TILING FLAG u(l) 8.3.6
FREQUENCY MODE CODESTREAM FLAG u(l) 8.3.7
SPATIAL XFRM_ SUBORDINATE u(3) 8.3.8
INDEX TABLE PRESENT FLAG u(l) 8.3.9
OVERLAP MODE u(2) 8.3.10
SHORT HEADER FLAG u(l) 8.3.11
LONG WORD FLAG u(L) 8.3.12
WINDOWING FLAG a(l) 8.3.13
TRIM_FLEXBITS FLAG u(l) 8.3.14
RESERVED D u(l) 8.3.15
RED BLUE NOT SWAPPED FLAG u(l) 8.3.16
PREMULTIPLIED ALPHA FLAG u(l) 8.3.17
ALPHA IMAGE PLANE FLAG u(l) 8.3.18
OUTPUT CLR FMT u(4) 8.3.19
OUTPUT BITDEPTH u(4) 8.3.20
if SHORT HEADER _FLAG) {

WIDTH_MINUSI1 u(16) 8.3.21
HEIGHT MINUSI u(16) 8.3.22
} else {
WIDTH_MINUSI1 u(32) 8.3.21
HEIGHT MINUSI1 u(32) 8.3.22
I
if (TILING _FLAG) {
NUM_VER TILES MINUSI1 u(12) 8.3.23
NUM_HOR TILES MINUSI1 u(12) 8.3.24
}
for (n=0; n<NUM_VER TILES MINUSI; nt++)
if SHORT HEADER _FLAG)
JILE WIDTH IN MBn] u(8) 8.3.25
else
TILE WIDTH IN MBn] u(16) 8.3.25
for (n=0; n <NUM_HOR_TILES MINUSI; n++)
if SHORT HEADER FLAG)
TILE HEIGHT IN MB]Jn] u(8) 8.3.26
else
TILE HEIGHT IN MBJn] 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
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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
Annex D, followed by a byte equal to 0.

8.3.3 RESERVED B

RESERVED B is a 4-bit syntax element that shall be equal to 1 in all codestreams conforming to this version of this
Specification. All other values are reserved.

NOTE — Alternative values for RESERVED B may be specified in the future as an indication of a codestream that(i§ jnot
comyjatible with prior decoder versions.

8.3.4 | HARD TILING_FLAG

HARD [TILING FLAG is a 1-bit syntax element. [f HARD TILING FLAG is equal to TRUE, ovenlap-filtering is pot
performgd across tile boundaries (hard tiles). Otherwise (HARD TILING FLAG is equal to FALSE), overlap filtering is
performgd across tile boundaries (soft tiles).

8.3.5 | RESERVED C

RESERVED C is a 3-bit syntax element that shall be equal to 1 in all codestreams conforming to this version of this
Specificption. All other values are reserved. Decoders conforming to this version, of this Specification shall ignore the
value off RESERVED C.

NOTE — The purpose of the specification for decoders to ignore the value of RESERVED C is to enable the future definition ¢f a
backyvard-compatible usage of different values of this syntax element.

8.3.6 | TILING_FLAG

TILING FLAG is a 1-bit syntax element. If TILING FLAG’is equal to TRUE, both the syntax elemehts
NUM_VER TILES MINUSI and NUM_HOR TILES MINUS\ are present in the codestream. Otherwise, these synfax
elements are not present, and the number of tiles is equal to 1.

8.3.7 | FREQUENCY_MODE CODESTREAM FLAG
FREQUENCY_ MODE CODESTREAM FLAG isla-1-bit syntax element.

If FREQUENCY MODE CODESTREAM FLAG is equal to FALSE, the codestream is laid out in the spatial modef If
FREQUENCY MODE CODESTREAM, FLAG is equal to TRUE, the codestream is laid out in the frequency mode.

8.3.8 | SPATIAL_XFRM_SUBORDINATE

SPATIAL XFRM SUBORDINATE is a 3-bit syntax element that, in the absence of any over-riding indication|as
determined by the application ©rby a file format usage context, indicates a preferred spatial transformation that should|be
applied fo the decoded images;as specified by Table 21 as follows.

he "RCW" table selumn, when equal to 1, indicates a 90 degree clockwise rotation request of the output imagg.
he "FlipH~table column, when equal to 1, indicates a horizontal flip request of the output image.
he "FlipV* table column, when equal to 1, indicates a vertical flip request of the output image.

he/"Example" table column visually illustrates the application of the requested transformation to an image of fhe
chatacter "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 O represents the top edge of the image and column O represents the left edge of the
image.

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

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

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

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

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

edge of the

NOTE — The TIFF 6.0 specification includes an "Orientation" tag with a similar purpose. The TIFF Orientation tag vilues that
correspond to the SPATIAL XFRM_ SUBORDINATE values 0, 1, 2, 3,4, 5, 6,and 7 are 1,4, 2, 3, 6, 7, 5, and 8, [respect]vely.

Table 21 — Interpretation of SPATIAL_XFRM_SUBORDINATE

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

8.3.9 INDEX TABLE PRESENT FLAG

INDEX TABLE PRESENT FLAG is a 1-bit syntax element that specifies whether the index table is preseft in the
coflestream. If FREQUENCY MODE CODESTREAM FLAG is equal to TRUE, or NUM_VER TILES MINUSI is
gr¢ater than 0, or NUM_HOR TILES MINUSI is greater than 0, it is a requirement of codestream conformdnce that
INDEX TABLE PRESENT FLAG shdll be equal to TRUE. If INDEX TABLE PRESENT FLAG is equal t¢ TRUE,
th¢ index table is present in the codestream. Otherwise, the index table is not present in the codestrepm. See
subclause 8.5.

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

When OVERLAP MODE is equal to 0, no overlap filtering is performed. Otherwise, if OVERLAP_MODE is equal to 1,
only the second lexel overlap filtering is performed. Otherwise, if OVERLAP_MODE is equal to 2, both first level and
se¢ond level oyerlap filtering are performed. The value 3 is reserved.

NOTE — The trade-offs between complexity and compression efficiency related to the different overlap modes are discusped in the
informative subclause D.4.

8.3.1 SHORT HEADER FLAG

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

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

scope:

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

NOTE 3 — Decoder implementations need not use two's‘complement arithmetic using fixed-word-length storage and processi
Howgver, in the case where such a representation isfused, 32-bit variable storage and 32-bit arithmetic processing elements fare
suffidient to decode an image, regardless of the valug of LONG WORD FLAG. The LONG_WORD FLAG element can be uf

by thp decoder to optimize its resource usage far the sample reconstruction process.

8.3.13

WINDWING_FLAG is a l-bit(syntax eclement that specifies whether syntax elements specifying window
dimensipns (TOP_MARGIN, LEEFT MARGIN, BOTTOM MARGIN, and RIGHT MARGIN as specified

subclauges 8.3.27 through 8.3.30)are present in the codestream. If WINDOWING FLAG is equal to TRUE, these syn|
elementy are present in thé_codestream. If WINDOWING FLAG is equal to FALSE, these syntax elements are

present in the codestream.

8.3.14

TRIM_KFLEXBIES FLAG is a 1-bit syntax element that specifies whether TRIM_FLEXBITS syntax element is pres
in the TILE\SPATIAL( ) syntax structure and TILE FLEXBITS() syntax structure. If TRIM_FLEXBITS FLAG
equal to|TRUE, TRIM FLEXBITS is present. Otherwise, TRIM_ FLEXBITS is not present.

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

Values of global array variable ImagePlane[ ][ ][ ] in the sample reconstruction process specified in subclause 9

NOTE 1 — Values of the global array variable ImagePlane[ ][ ][] in the output formatting process specified
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 process specified in subclause 9.9 except|the ing
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 included in the scops
the constraints imposed by LONG_WORD_FLAG equal to FALSE.

If LONG_WORD_FLAG is equal to TRUE, it is a requirement for codestream conforinance to this Specificat
that the range of values of all variables associated with the decoding process (€lause 9) shall not exceed

—

n

X

of

on
he

signed 32-bit range from —2°' range to 2°'~1, inclusive, although the range of-values of these variables njay

exceed the signed 16-bit range from —2'° range to 2'°~1, inclusive. Thus allcvariables of the decoding process
he stored by decoders as 32 bit two's complement integers while producing output conforming to t
Jpecification (regardless of the value of LONG_WORD_ FLAG).

therwise (LONG_WORD_FLAG is equal to FALSE), it is a requirement for codestream conformance to t

an
his

his

Ypecification that the range of values of the specific affected variables listed above shall not exceed the signed

1/6-bit range from —2'° range to 2'°—1, inclusive, and that the Tange of values of all intermediate expressions 4
fom —2°! range to 2°'—1, inclusive. In this case, it is sufficient for decoders to store the affected variables of

pecification.

WINDOWING_FLAG

TRIM_FIKEXBITS FLAG

0
f
decoding process as 16 bit two's complement integers in order to produce output images conforming to this
S

nd

ther variables associated with the decoding process for the‘¢odestream shall not exceed the signed 32-bit rafge

he

ng.
ed

bnt
is

8.3.15 RESERVED D

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

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

- IfOUTPUT CLR FMT is equal to RGB and OUTPUT BITDEPTH is equal to BD5, BD565, or BD10, the value
of 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
to this version of this Specification. The value 1 is reserved. Decoders conforming to this version of this
Specification shall ignore the value of RED BLUE NOT SWAPPED FLAG in this case.

NOTE The spec1ﬁcatron of semant1cs for RED_BLUE | NOT SWAPPED F LAG was not 1ncluded in the or1g1nal ed1t1on of this

observed behavrour of exrstrng 1mplementat1ons In pr1nc1ple when OUTPUT CLR FMT is equal to GB and
OUTPUT _BITDEPTH is equal to BDS5, BD565, or BD10, the value 1 for RED BLUE NOT _SWAPPED.FLA{ should
ordinarily provide better compression capability than the value 0. However, early product implementations of this Spefification
have operated in a manner corresponding to the value 0.

8.3.17 PREMULTIPLIED ALPHA_FLAG

PREMULTIPLIED ALPHA FLAG is a 1-bit syntax element that can be used, when an alphalimage plane is present, to
indicate that the coded image channels other than the alpha channel are considered to b¢ in pre-multiplied |form in
relation to the alpha channel.
NOTE 1 — The designation of an alpha channel as pre-multiplied indicates that the~decoded sample values do ndt require

multiplication by the alpha channel values when performing compositing (as any neeéssary such multiplication prdcess was
performed as a pre-processing step prior to encoding).

When PREMULTIPLIED ALPHA FLAG is equal to TRUE in the IMAGE HEADER() of the coded image that
coftains the alpha image plane, the channels other than the alpha channgl are indicated to be in pre-multiplied| form in
relation to the alpha channel.

When no alpha image plane is present, PREMULTIPLIED ALPHA FLAG shall be equal to FALSE, and decoders shall
igjore the value of this syntax element.

When an alpha image plane is present as a separate alpha” image plane, PREMULTIPLIED ALPHA FLAG |shall be
eqpal to FALSE in the IMAGE HEADER() of the>coded image that does not contain the alpha image plane, and
degoders shall ignore the value of this syntax elemient in the IMAGE HEADER( ) of the coded image that floes not
coptain the alpha image plane.

When an alpha image plane is present ;jand 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 oth¢r means
nof specified in the main body of this Specification should be used to determine whether the channels other [than the
alpha channel (when present) are censidered to be in pre-multiplied form in relation to the alpha channel. When jan alpha
impge plane is present and PREMULTIPLIED ALPHA FLAG is equal to FALSE in the IMAGE HEADER() of the
cofled 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
foym in relation to the alpha channel.
NOTE 2 — The spe¢cification of semantics for PREMULTIPLIED ALPHA FLAG was not included in the original editipn of this
Specification. {The” specification of PREMULTIPLIED ALPHA FLAG was added later to correct for the ambjguity of
interpretation resulting from absence of such an indicator (when no indication is provided by other means outside the coded image

syntax). I the original edition of this Specification, the bit corresponding to PREMULTIPLIED ALPHA_FLAG was rgquired to
be equaktor0 and decoders were required to ignore the value of this bit.

NOTE(3 — When the file format specified in Annex A is used, the PIXEL FORMAT value indicates whether the changels other
than the alpha channel (when present) are cons1dered to be in pre multrphed form in relatron to the alpha channel and th¢ value of

eqt : ‘ tream is
conveyed by some means other than the ﬁle format spec1ﬁed in Annex A, some indicator may be avarlable to 1nd1cate whether the
channels other than the alpha channel (when present) are considered to be in pre-multiplied form in relation to the alpha channel,
and the value of PREMULTIPLIED ALPHA FLAG should be set to be consistent with any such indicator.

8.3.18 ALPHA IMAGE_PLANE FLAG

ALPHA IMAGE PLANE FLAG is a 1-bit syntax element that specifies whether an alpha image plane is present in the
codestream. If ALPHA IMAGE PLANE FLAG is equal to TRUE, an alpha image plane is present. If
ALPHA IMAGE PLANE FLAG is equal to FALSE, no alpha image plane is present in the codestream.

NOTE - If ALPHA IMAGE PLANE FLAG is equal to FALSE, an alpha image plane can be carried as a separate image within a
system or file.
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8.3.19 OUTPUT _CLR_FMT
OUTPUT _CLR_FMT is a 4-bit syntax element that specifies the color format of the output image as specified in
Table 22.
Table 22 - OUTPUT_CLR_FMT
OUTPUT CLR FMT Mnemonic

0 YONLY

1 YUV420

3 YUV444

4 CMYK

5 CMYKDIRECT

6 NCOMPONENT

7 RGB

8 RGBE

9-15 RESERVED

If IsCurfPlaneAlphaFlag is equal to TRUE, the value of OUTPUT_CLR_FMT shall be equalte 0.
For the [cases where OUTPUT _CLR_FMT is equal to YUV420, YUV422, or YUVY444, there are three output collor
compongnts: the component corresponding to index 0 is the Y component, while“the U and V correspond to color
compongnts 1 and 2, respectively. For CMYK and CMYKDIRECT, components O)I', 2, and 3 correspond respectively to
the C, M, Y, and K components. For RGB, components 0, 1 and 2 corregpond respectively to R, G, and B, and [for
RGBE, ¢omponents 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 fhe
output image, as specified in Table 23. BDIWHITE1, BDIBLAEKI1, BD8, BD16, BD5 and BD10 are unsigned integer
formats,| corresponding to 1, 1, 8, 16, 5 and 10 bits per coinponent, respectively, having a representation specified| in
subclauge 9.10.8. In BDIWHITE], a value of 0 indicate$, the minimum level or black for the specific channel and the
value 1 [indicates the maximum value for that channel’yIn BD1BLACKI, 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 pre
signed (fjwo's complement) integer formats corresponding to 16 and 32 bits per component, respectively. BD16F is 164bit
Half fldat (1-bit sign, 5-bit exponent and 10-bit mantissa where the most significant bit is the sign bit) having a
represertation as specified in subclause 9.10.7.3. BD32F is 32-bit float (1-bit sign, 8-bit exponent, and 23 bit mantipsa
where the most significant bit is the-Sign bit) having a representation as specified in subclause 9.10.7.3. BD365
correspqnds to unsigned integer foymats' where the R, G and B components have 5, 6 and 5 bits, respectively, having a

represern

The valy
NOT

tation as specified in subelause 9.10.8.

es of OUTPUT BITDEPTH and OUTPUT CLR_FMT shall be constrained as specified in subclause 9.10.

E — Subclause 9.107Aprovides more details on the representation of these formats.

Table 23 - OUTPUT_BITDEPTH

38

OUTPUT BITDEPTH Mnemonic

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

11-14 RESERVED
15 BD1BLACK1
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8.3.21 WIDTH_MINUSI1

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

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

Sp,

cification that the valne of WIDTH MINUST + | + [ EFT MARGIN + RIGHT MARGIN shall be greate
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3.22 HEIGHT_ MINUSI1
HEIGHT MINUS1 plus 1 is the output image height. If SHORT HEADER FLAG“is equal to

3.23 NUM_VER_TILES_MINUS1

3.24 NUM_HOR_TILES MINUSI

3.25 TILE_WIDTH_IN MB{n]

hal to 32.

NOTE — Images with INTERNAL CLR _FMT equal to YUV420 or YUV422 and OVERLAP_MODE equal t¢g~2 mu|
width of at least 2 macroblocks due to the adjacent coefficient residual process described in subclause 9.9.3.1.

IGHT MINUSI is a 16-bit syntax element. Otherwise, HEIGHT MINUSI is a 32-bit syntax elemen
JTPUT CLR FMT is equal to YUV420, it is a requirement of codestream conformance to this Specification
ue of HEIGHT MINUSI + 1 shall be an integer multiple of 2.

is a requirement of codestream conformance to this Specification that the walue of HEIGHT MINUS
P MARGIN + BOTTOM_MARGIN shall be an integer multiple of 16.

UM_VER TILES MINUSI is a 12-bit syntax element that is present when TILING FLAG is equal to TR
pcifies the number of tiles in a row minus 1. When NUM_VER. TILES MINUSI is not present, its value
erred to be equal to 0.

NOTE — "Vertical" indicates that the partitioning of the image\corresponding to these tiles runs in the vertical direction.

UM _HOR TILES MINUSI is a 12-bit syntax_element that is present when TILING FLAG is equal to TR
bcifies the number of tiles in a column minus“l:"When NUM_HOR TILES MINUSI is not present, its value]
erred to be equal to 0.

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

[E WIDTH_IN MB|n] is @ syhtax element that specifies the width (in macroblock units) of the n-th tile
ere the 0-th tile columm\is the left-most tile column in the image, and subsequent tile columns are n
hsecutively, left to right- If SHORT HEADER FLAG is equal to TRUE, TILE WIDTH IN MBJn] is a 8-b
ment. Otherwise, itis;a 16-bit syntax element.

e width of theight-most tile in macroblock units is derived by subtracting the cumulative width of the previ
m the width ofthe coded area in macroblock units ExtendedWidth[0] divided by 16.

e position of the Ileft boundary of the tile, LeftMBIndexOfTile[], is calculated by
termineLeftBoundaryofTile( ) in the pseudocode in Table 24.

Kt have a

TRUE,
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shall be
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calling

©l

DetermineLeftBoundaryofTile( ) { Reference

LeftMBIndexOfTile[0] =0

for (n=0; n < NUM_VER_TILES MINUSI; n++)

LeftMBIndexOfTile[n+1] = LeftMBIndexOfTile[n] + TILE WIDTH_IN_MB[n]

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

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

8.3.26 TILE HEIGHT IN MB|n]

TILE HEIGHT IN MB[n] is a syntax element that specifies the height (in macroblock units) of the n-th tile row, where
the 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 MB|n] is a 8-bit syntax element. Otherwise, it is-a | 6-
bit syntgqx element.

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

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

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

DetermineTopBoundaryofTile( ) { Reference
TopMBIndexOfTile[0] = 0
for (n =0; n <NUM_HOR TILES MINUSI; n++)
TopMBIndexOfTile[n+1] = TopMBIndexOfTile[n] + TILE HEIGHT IN MB|n]
TopMBIndexOfTileflNUM_HOR_TILES MINUSI + 1] = MBHeight
}

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

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

DetermineNumMBInTile( ) { Reference
n=0
for 1=0;i<NUM_HOR_TILES MINUSI + 1; i++)
for j =0;j <NUM_VERJTILES MINUSI1 + 1; j++) {
NumMBInTilefn] =
TILE HEIGHT IN MBJi] * TILE WIDTH IN MBJ[j]
n++

8.3.27 | TOP_MARGIN

TOP_MARGINs:a’6-bit syntax element that is present when WINDOWING FLAG is equal to TRUE, and specifies fhe
vertical |offset\of the top boundary of the output image relative to the top edge of the extended image. When
GIN is not present, its value shall be inferred to be equal to 0. When OUTPUT CLR FMT is equal| to

a orn OP_NAR

A

a N

an integer multiple of 2.

8.3.28 LEFT _MARGIN

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

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

- IfHEIGHT MINUSI + 1 is an integer multiple of 16, BOTTOM_MARGIN shall be inferred to be equal to 0.

- Otherwise, BOTTOM_MARGIN shall be inferred to be equal to 16 — (HEIGHT MINUSI1 + 1) % 16).

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

8.]
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\

$.30 RIGHT _MARGIN

GHT MARGIN is a 6-bit syntax element that is present when WINDOWING FLAG is equal to TRUE; and
horizontal offset of the right boundary of the output image relative to the right edge of the extended imag
GHT MARGIN is not present, its value shall be inferred as follows:

— IfWIDTH_MINUSI + 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_MINUST + 1) % 16).

hen OUTPUT _CLR_FMT is equal to YUV420 or YUV422, it is a requirement\ef.€odestream conformanc|
ccification that the value of RIGHT MARGIN shall be an integer multiple of 2.

bpecifies
e. When

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

IMAGE_PLANE_HEADER() { Descriptor Reference
INTERNAL CLR FMT u(3) 8.4.2
SCALED FLAG u(l) 8.43
BANDS PRESENT 4] 344

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

if INTERNAL CLR_FMT ==YUV420 | | INTERNAL CLR FMT ==YUV422) {

RESERVED E BIT u(1) .45

CHROMA CENTERING X u(3) 8.4.6
} else /* INTERNAL CLR FMT ==YUV444 */

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

RESERVED G BIT u(l) 8.4.8

CHROMA CENTERING Y u(3) 8.4.9
} else

RESERVED H u(4) 8.4.10

} else if INTERNAL CLR FMT == NCOMPONENT) {

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

NUM COMPONENTS EXTENDED MINUSI16 u(12) 8.4.12
else

RESERVED H u(4) 8.4.10

if (PUTPUT BITDEPTH ==BDI16 || OUTPUT BITDEPTH&=BDI16S | |
OUTPUT BITDEPTH = = BD32S)

SHIFT BITS u(8) 8.4.13
if ((UTPUT BITEPTH = = BD32F) {
LEN MANTISSA u(8) 8.4.14
EXP BIAS i(8) 8.4.15
}
DC|[ IMAGE PLANE UNIFORM FLAG u(l) 8.4.16
if (PC IMAGE PLANE UNIFORM-FLAG)
DC QP() 8.4.22
if (BANDS_PRESENT != DCONLY) {
RESERVED 1 BIT u(l) 8.4.17
LP IMAGE PLANE-UNIFORM FLAG u(l) 8.4.18
if (LP_IMAGE PLANE UNIFORM FLAG) {
NumLPQPS =
LP QP() 8.4.23

}
if (BANDS PRESENT != NOHIGHPASS) {

RESERVED J BIT u(l) 8.4.19
[P IMAGE_PLANE_UNIFORM_FLAG u(l) 8.4.20
if (HP IMAGE PLANE UNIFORM FLAG) {

NumHPQPs = 1

HP QP() 8.4.24

H
H

while (IS BYTE ALIGNED())

BYTE ALIGNMENT BIT u(l) 8.4.21

42 © ISO/IEC 2012 — All rights reserved


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

ISO/IEC 29199-2:2012(E)

8.4.2 INTERNAL_CLR_FMT

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

W

Fof the cases where INTERNAL CLR FMT is equal to YUV420, YUV4223:0r YUV444, there are three intert

CcO
CcO

regpectively.

8.4.3 SCALED_FLAG

Sd
Sd

pe
8.4

B4
co

Table 28 — INTERNAL_CLR_FMT

INTERNAL CLR FMT Mnemonic
Y FONEY
1 YUV420
2 YUV422
3 YUV444
4 YUVK
5 RESERVED
6 NCOMPONENT
7 RESERVED

hen [sCurrPlaneAlphaFlag is equal to TRUE, the value of INTERNAL CLR EMT shall be equal to 0.

mponents: the component corresponding to index 0 is the Y component, and the U and V correspond
mponents 1 and 2, respectively. For YUVK, components 0, 1, 2, and 3, correspond to the Y, U, V, and K com

ALED FLAG is a 1-bit syntax element that specifies whether scaling is performed in the output formatting
ALED _FLAG is equal to FALSE, scaling is not_performed. If SCALED FLAG is equal to TRUE, s
rformed as specified in subclause 9.10.6.

.4 BANDS_PRESENT

estream, as specified in Table 29.

Table 29 - BANDS_PRESENT

hal color
to color
ponents,

stage. If
aling is

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

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

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

DetermineNumBands() { Reference
if (BANDS PRESENT == ALL)
NumBands = 4
else if (BANDS PRESENT == NOFLEXBITS)
NumBands = 3
else if (BANDS PRESENT == NOHIGHPASS)
NumBands =2
else /* (BANDS PRESENT == DCONLY) */
NumBands = 1
if (IsCurrPlaneAlphaFlag = = FALSE)
NumBandsOfPrimary = NumBands
}
8.4.5 | RESERVED_E BIT
RESERVED E BIT is a 1-bit syntax element and is present when INTERNAL CLR FMT is equal to YUV422]|or
INTERNAL CLR _FMT is equal to YUV420.
When RESERVED E BIT is present, its value shall be equal to 0. The ¥alue 1 for RESERVED E BIT is reserved.
The valge of RESERVED_E _BIT shall be ignored by decoders.
NOTE - The purpose of the specification for decoders to ignore the‘value of RESERVED E BIT is to enable the future definitfion
of a Backward-compatible usage of different values of this syntaxielement.
8.4.6 | CHROMA CENTERING X
CHROMA CENTERING X is a 3-bit syntax element. It is present when INTERNAL CLR _FMT is equal to YUV422
or YUVH20. When CHROMA CENTERING X.is'not present, its value should be inferred to be equal to 0.
CHROMA CENTERING X indicates the positioning alignment of the chroma sampling grid with respect to the luma
sampling grid. When present and in the\range of 0 to 4, inclusive, CHROMA CENTERING X indicates that fhe
left-most sample of each row of each chroma array of the image is considered to be horizontally positioned at fhe
position] CHROMA CENTERING \X) with respect to the left-most sample of each row of the luma array, in units| of
quarter Juma sample positions. When present and equal to 7, CHROMA CENTERING X indicates that the position{ng
alignmept is unknown or unspecified.
For example, when CHROMA_CENTERING X is equal to 0 and INTERNAL CLR FMT is equal to YUV422]|or
YUV42Y, each chromadample is considered to be horizontally located at the same position as the left-most sample df a
pair of Ipma samples,
The valye of GHROMA CENTERING X shall be equal to 0, 1, 2, 3, 4, or 7. The values 5 and 6 are reserved. Decodgrs
confornfing’te, this version of this Specification should treat the values 5 and 6 as equivalent to the value 7.
NOTE—~CHROMA_CENTERING X is useful to aid in performing appropriate upsampling conversion from 4:2:0 or 4:2:7 to

4:4:4. However, the use of CHROMA CENTERING X is not required for decoder conformance to this Specification, as the
manner of performing such an upsampling process is outside the scope of this Specification.

8.4.7

RESERVED F

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

When R

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

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

Decoders shall ignore the value of RESERVED G BIT.
NOTE - The specification for decoders to ignore the value of RESERVED G BIT is to enable the future definition of a

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

84.9 CHROMA_CENTERING_Y

CHROMA CENTERING Y is a 3-bit syntax element. It is present when INTERNAL CLR FMT is equal tO)Y
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 with respéct to

sa
tog
Po
qu
ali

Fol
ch

Th
co

8.

RY
Y1

\

8.

NI
N(

Th

8.

NI
NI

pling grid. When present and in the range of 0 to 4, inclusive, CHROMA CENTERING~Y indicates
-most sample of each column of each chroma array of the image is considered to be vertically positiong
sition CHROMA CENTERING Y with respect to the top-most sample of each column of the luma array, in|
hrter luma sample positions. When present and equal to 7, CHROMA CENTERING Y ‘indicates that the po
bnment is unknown or unspecified.

I example, when CHROMA CENTERING Y is equal to 0 and INTERNAL ELR® FMT is equal to YUV4
roma sample is considered to be vertically located at the same position as the upper sample of a pair of luma saj

e value of CHROMA CENTERING Y shall be equal to 0, 1, 2, 3, 4, or 7:,The values 5 and 6 are reserved. Ij
hforming to this version of this Specification should treat the values 5 and 6 as equivalent to the value 7.

NOTE — CHROMA_CENTERING_Y is useful to aid in performing apptepriate upsampling conversion from 4:2:0 td
4:4:4. However, the use of CHROMA_ CENTERING_Y is not required for decoder conformance to this Specificatig
manner of performing such an upsampling process is outside the scopeof this Specification.

.10 RESERVED_H

SERVED H is a 4-bit syntax element that is present when INTERNAL CLR FMT is equal to one of Y
V422, or NCOMPONENT.

hen RESERVED H is present, its value shallsbe’equal to 0. Decoders shall ignore the value of this syntax elem

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

.11 NUM_COMPONENTS_MINUS1

UM _COMPONENTS MINUSL Jis a 4-bit syntax element that is present when INTERNAL CLR FMT is
[OMPONENT.

e number of componefits, NumComponents, is specified in pseudocode in Table 31.

.12 NUM_COMPONENTS_EXTENDED MINUS16

UM _COMPONENTS EXTENDED MINUSI6 is a 12-bit syntax element that 1is present
UM_COMRONENTS MINUSI is equal to OxF.

Uv420.

he luma
that the
d at the
units of
fitioning

PO, each
mples.

ecoders

4:2:2 or
n, as the

UV444,

ent.

NOTE — The specification for decoders to-Mgnore the value of RESERVED H is to enable the future definijon of a

equal to

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

8.4.13

SHIFT |
BD32S.
subclaus

8.4.14

LEN M
the num
subclaug

8.4.15

EXP_BI
specifie

8.4.16

DC _IM]
DC ban
to TRUI
this QP
value sp
of each

8.4.17

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

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

else

NumComponents = NUM_ COMPONENTS MINUST +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

SHIFT _BITS
BITS is an 8-bit syntax element that is present when OUTPUT (BITDEPTH is equal to BD16, BD16S,

e 9.10.7.

LEN_MANTISSA

ber of mantissa bits that are specified by the ‘integer representation of floating point data as specified
e 9.10.7 prior to output conversion processing.

EXP_BIAS

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

DC_IMAGE_PLANE _ UNIFORM_FLAG

A\GE PLANE UNIFORM)FLAG is a 1-bit syntax element that specifies whether a single QP set is used for
| for all the macroblocks)in the corresponding image plane. If DC_ IMAGE PLANE UNIFORM FLAG is eq
E, a single QP set ig-used for the DC band of all tiles in the image (and hence for all macroblocks of all tiles),
set is present in ‘the image plane header. In this case, the DC QP set used for all tiles shall be set equal to
ccified in the-image plane header. If DC IMAGE PLANE UNIFORM FLAG is equal to FALSE, the DC b4
ile may use a'different QP set, and these QP sets are specified in the tile headers.

RESERVED I BIT

RESER]

SHIFT BITS is used to left-shift the sample values in the output formatting stage as specified | i

IANTISSA is an 8-bit syntax element that is present when OUTPUT BITDEPTH is equal to BD32F. It speciffies

or

m

Ent

he
hal

he
nd

VED 1 BIT is a 1-bit syntax element. It is a requirement of codestream conformance to this Specification t

hat

the value of RESERVED 1 BIT shall be equal to FALSE. Decoders shall ignore (remove from the codestream and

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 definition
of a backward-compatible usage of different values of this syntax element.
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8.4.18 LP_IMAGE_PLANE_UNIFORM_FLAG

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

8.4.19 RESERVED J BIT

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

NOTE - The purpose of the specification for decoders to ignore the value of RESERVED J BIT is to enable th¢ future flefinition
of a backward-compatible usage of different values of this syntax element.

8.4.20 HP_IMAGE_PLANE_UNIFORM_FLAG

HR IMAGE PLANE UNIFORM FLAG is a 1-bit syntax element that specifies whethér a single QP set is usefl for the
HE band. If HP_IMAGE_PLANE UNIFORM FLAG is equal to TRUE, a single QP set shall be used for the Hf band of
allftiles in the image (and hence for all macroblocks of all tiles), and this QP set is specified in the image plane hpader. In
this case, the HP QP set for all tiles shall be set equal to the values specified in the image plane h¢ader. If
HE IMAGE PLANE UNIFORM FLAG is equal to FALSE, multiple QP sets*may be used for the HP bandq of each
color 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 it is\present, its value shall be equal to 0. The value 1 is
rederved.

8.4.22 DC_QP()

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

Table 32 — DC_QP( ) syntax structure

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

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

8.4.22.2 COMPONENT_MODE

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

© ISO/IEC 2012 — All rights reserved 47


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

ISO/IEC 29199-2:2012(E)

Table 33 - COMPONENT_MODE

Value COMPONENT MODE
0 UNIFORM
1 SEPARATE
2 INDEPENDENT
3 RESERVED

8.4.22.3 DC_QUANT

DC_QUANT LUMA is an 8-bit syntax element that is present if COMPONENT_ MODE is equal to SEPARATE. In this
case, thq value of the DC QP for the luma component shall be set to DC_ QUANT LUMA.

8.4.22.¢ DC_QUANT CHIi]

DC_QUANT CH]Ji] is an 8-bit syntax element that is present if COMPONENZT, MODE is equal to INDEPENDENT] In
this casd, the value of the DC QP for the i-th color component shall be set toDE€ QUANT _CHJi].

8.4.23 | LP_QP()

8.4.23.1 Syntax structure
The LP |QP() syntax structure is specified by Table 34.

Table 34 —(LP_QP() syntax structure

LP QP() { Descriptor Reference
for (q =0; ¢ < NumLPQPs; g++),{
if NumComponents != 1)

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

LP QUANT[{] u(’) 8.4.232
else if (COMPONENT MODE = = SEPARATE) {

LP QUANT LUMA[q] u(8) 8.4.233

LP_QUANT CHROMA[q] u(8) 8.4.234

} elseiif (COMPONENT MODE = = INDEPENDENT)
for (i = 0; i < NumComponents; i++)
LP QUANT CHJi][q] u(8) 8.4.23.5

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

8.4.23.2 LP_QUANT]|q]

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

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

8.4.23.4 LP_ QUANT CHROMA|q]

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

8.4.23.5 LP_QUANT CHJil[q]

LH QUANT _CH]Ji][q] is an 8-bit syntax element that is present if COMPONENT_ MODE is equal to INDEPENDENT.
In fthis case, the value of the gq-th LP QP for the i-th color component shall be set to LP. QUANT _CH]Ji][g]¢

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; ¢ < NumHPQPs; q++) {
if NumComponents != 1)

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

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

HP QUANT LUMA[q] u(8) 8.4.24.3

HP QUANT CHROMA[q] u(8) 8.4.24.4

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

H

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

8.4.24.2 HP_QUANT]|q]

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

8.4.24.3 HP_QUANT LUMA|q]

HR QUANTE _DUMAJq] is an 8-bit syntax element that is present if COMPONENT_ MODE is equal to SEPARATE. In
this case, thevalue of the q-th HP QP for the luma component shall be set to HP. QUANT LUMA[q].

8.4.24,4 HP_QUANT CHROMA|q]

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

8.4.24.5 HP_QUANT_CH]i][q]

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

INDEX_TABLE_TILES()

Syntax structure

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

Table 36 — INDEX TABLE_TILES() syntax structure

INDEX TABLE TILES() { Descriptor Reference

if FREQUENCY MODE CODESTREAM FLAG ==FALSE)

srakae ‘]mlﬁdeel’-rn]ﬁ]onﬂfv;nn —AIIN_HOR _TIHHLES MNINLIST L 1) 3k
—raoreEhtHes TN T O T E D — VI oD T 5

(NUM VER TILES MINUSI + 1)

else /* FREQUENCY MODE CODESTREAM FLAG == TRUE #

valueNumIndexTableEntries = (NUM_HOR_TILES MINUSI + 1) *
(NUM_VER TILES MINUSI + 1) * NumBandsOfPrimary

INDEX TABLE STARTCODE u(16) 8.52
for (n = 0; n <valueNumIndexTableEntries; n++)
IndexOffsetTile[n] = VLW _ESC() 8.5.3

8.5.2
INDEX

This ele]

8.5.3

INDEX_TABLE_STARTCODE

| TABLE STARTCODE is a 16-bit syntax element which indicates the start of the INDEX TABLE TILES
ment shall have the value 0x0001. Other values of INDEX TABLE STARTCODE are reserved.

IndexOffsetTile[n]

IndexOfifsetTile[n] is a variable that specifies the offset of the n-th tilé.packet from the start of the coded image data. T

value of]

The ord
ordered

entries d
left-to-ri

this variable is determined by a VLW_ESC( ) syntax structure.

ering of this information is as follows: Index offset_elements corresponding to each tile shall be consecutiv
in low-to-high order of the frequency, i.e. DC followed by low-pass, high-pass, and flexbits. IndexOffsetT
re ordered in the raster scan order of the respective tiles, i.e. left-to-right for the top row of the tile, followed
ght for the next row, and so on through the bottem row of the tile.

For spatial mode codestreams, only one IndexQffsetTile is sent per tile. For images with missing sub-bands (such

when B

An exatpple of this syntax element for an image with four spatial tiles and two frequency bands (DC and LP, |.
BANDS

offset el

When th

50

ANDS PRESENT is not equal to ADL)} Index Offset elements are sent only for the sub-bands that are presg

| PRESENT is equal to NOHIGHPASS) is specified below. Here, pDCTile[n] and pLPTile[n] are the ind
ements 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]

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

he

ely
ile
by
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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.

8.¢.2 PROFILE_IDC

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

8.¢.3 LEVEL IDC
LHVEL IDC (when present) is an 8-bit syntax element. When present, the values of PROFILE IDC and LEV|

ing

8.4 RESERVED_L

RY
arg

Ng
PR

8.6.5 LAST FLAG

LA
an
str|

Table 37 — PROFILE_LEVEL_INFO( ) syntax structure

PROFILE LEVEL INFO() { Descriptor Reference
numBytes = 0
for-(i-ast—0—H-ast——L0—ast—ASTELAG){
PROFILE IDC u(8) 8.6.2
LEVEL IDC u(8) 8.6:3
RESERVED L u(15) 8.6.4
LAST FLAG u(l) 8.6.5
numBytes +=4
}
return numBytes
h

icate a set of profile and level constraints as specified in.Annex B.

SERVED L is a 15-bit syntax element. When present, the value of RESERVED L shall be equal to 0. Othg
reserved. Decoders shall ignore the value of this syntax element.

NOTE — The purpose of the specification forcdecoders to ignore the value of RESERVED L is to enable the future defin
backward-compatible usage of different yalues of this syntax element.

particular combination of PROFILE IDC, LEVEL IDC, and RESERVED L shall appear more than ong
OFILE LEVEL INFO( ) syntaxstructure.

LIST FLAG (when present) is a 1-bit syntax element. It indicates whether the preceding PROFILE IDC, LEVE
] RESERVED L.syntax elements are the last such syntax elements in the PROFILE LEVEL INFO(
icture.

EL_IDC

FL_IDC

r values

ition of a

e in the

FL_IDC,
syntax
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87  CODED TILES()

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

Table 38 — CODED_TILES( ) syntax structure

CODED TILES() { Descriptor Reference
if FREQUENCY MODE CODESTREAM FLAG == FALSE)
for-tr—0-n<NUMHOR—-ESMNUS—---=
(NUM VER TILES MINUSI + 1); n++) {
NumMBInCurrentTile = NumMBInTile[n]
POS SEEK(IndexOffsetTile[n])

TILE SPATIAL() 8.7.7

}
else { /* FREQUENCY MODE CODESTREAM FLAG == TRUE */
for (n=0; n < (NUM_HOR_TILES MINUSI + 1) *
(NUM VER TILES MINUSI + 1); n++) {
NumMBInCurrentTile = NumMBInTile[n]
POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary])
TILE DC() 8.7.3

i
if NumBandsOfPrimary > 1)
for (n=0; n<(NUM_HOR_TILES MINUSI + 1) *
(NUM VER TILES MINUSI + 1); n++) {
NumMBInCurrentTile = NumMBInTile[n]
POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary K1)
TILE LOWPASS() 8.7.5

}
if (NumBandsOfPrimary > 2)
for (n=0; n <(NUM_HOR_TILES_MINUSI +)»*
(NUM_VER_TILES_MINUSI + 1); n+H)\.¥
NumMBInCurrentTile = NumMBInTile[1]
POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 2])
TILE_HIGHPASS() 8.7.7

}
if (NumBandsOfPrimary > 3)
for (n = 0; n < (NUM_HOR\TILES MINUSI + 1) *
(NUM VER TILES\MINUSI + 1); n++) {
NumMBInCurrentTile = NumMBInTile[n]
POS SEEK(IndexOffsetTile[n * NumBandsOfPrimary + 3])
TILE FLEXBITS() 8.7.9

8.7.2 | TILE SPATIAL()

Th TIL]" SDATIATL (N s 4 4 " Lo d b Tolla 20
] ETOT 7Y TIZYT S yIITAA ST UCTUI U TS SPLUITIiCUr U y - TAUTC I 7%

Table 39 — TILE_SPATIAL( ) syntax structure

TILE SPATIAL() { Descriptor | Reference
TILE STARTCODE u(24) 8.7.10.1
ARBITRARY BYTE u(8) 8.7.10.2
if (TRIM_FLEXBITS FLAG)

TRIM FLEXBITS u(4) 8.7.10.3
IsCurrPlaneAlphaFlag = FALSE
TILE HEADER DC() 8.7.4
if (BANDS PRESENT !=DCONLY) { /* BANDS PRESENT of Primary Plane */

52 © ISO/IEC 2012 — All rights reserved


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

ISO/IEC 29199-2:2012(E)

TILE SPATIAL() { Descriptor | Reference
TILE_ HEADER LOWPASS() 8.7.6
if (BANDS PRESENT != NOHIGHPASS)
TILE_ HEADER HIGHPASS() 8.7.8
}
if (ALPHA IMAGE PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
TILE_HEADER DC() 8.74
if (BANDS_PRESENT !=DCONLY) {
/* BANDS PRESENT of Alpha plane */
TICE_ HEADER _COWPASS() LAY
if (BANDS PRESENT != NOHIGHPASS)
TILE HEADER HIGHPASS() 8.8
}
i
for (n = 0; n < NumMBInCurrentTile; n++) {
IsCurrPlaneAlphaFlag = FALSE
if (BANDS PRESENT !=DCONLY) {
if NumLPQPs > 1 && USE DC QP FLAG ==FALSE)
LP_QP_INDEX[n] = DECODE_QP_INDEX(NumLPQPs) 8.7.10.1
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
MB HP FLEX() 8.7.18.3
}
i
if (ALPHA_IMAGE _PLANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS_PRESENT !=DCONLY) {
/* BANDS PRESENT oflAlpha plane*/
if NumLPQPs > 1 && USE_DC QP FLAG ==FALSE)
LP_QP_INDEX[n] = DECODE_QP_INDEX(NumLPQPs) 8.7.10.1
if (BANDS_PRESENT != NOHIGHPASS && NumHPQPs > 1 &&
USE LPLQP FLAG ==FALSE)
HP _QR_INDEX[n] = DECODE QP INDEX(NumHPQPs) 8.7.10.1
}
MB _DC() 8.7.11
if (BANDS PRESENT !=DCONLY) {
MB_LP() 8.7.16.1
if (BANDS PRESENT !=NOHIGHPASS) {
MB_CBPHP() 8.7.17.2
MB HP FLEX() 8.7.18.3
i
}
j TUL 1T \I‘\J_/f lll‘\_llVIAUL_I LanL_l LI‘!U}
} /* for (n = 0; n < NumMBInCurrentTile; n++) */
while (IS BYTE ALIGNED())
BYTE_ALIGNMENT BIT u(l) 8.4.21
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8.7.3

TILE_DC()

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

8.74

The TIL

54

Table 40 — TILE_DC( ) syntax structure

TILE DC() { Descriptor Reference
TILE STARTCODE u(24) 8.7.10.1
ARBITRARY BYTE u(8) 8.7.10.2
IsCurrPlaneAlphaFlag = FALSE
THEFHEABERDPECH 874
if  ALPHA IMAGE PLANE FLAQG) {

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) {
IsCurrPlaneAlphaFlag = TRUE
MB DC() 8. 7.1
}
}
while (!IS BYTE ALIGNED())
BYTE ALIGNMENT BIT u(1) 8.4.21
}

TILE HEADER DC()
E 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
}

© ISO/IEC 2012 — All rights reserved


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

8.7.5 TILE LOWPASS()
The TILE_ LOWPASS( ) syntax structure is specified by Table 42.

Table 42 — TILE_ LOWPASS() syntax structure

ISO/IEC 29199-2:2012(E)

TILE LOWPASS() {

Descriptor

Reference

TILE STARTCODE

u(24)

8.7.10.1

ARBITRARY BYTE

u(8)

8.7.10.2

IsCurrPlaneAlphaFlag = FALSE

LM ANDS DRECENT 1 DNCAONT NN 2k DANDCS _DDRDECENT
EE S =R SR = de I e as ios =2 b e = ™Y DTN DO T IS O Ty T Ot

primary image plane */

TILE HEADER _LOWPASS()

8ch6

if ALPHA IMAGE PLANE FLAG) {

IsCurrPlaneAlphaFlag = TRUE

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

TILE HEADER _LOWPASS()

8.7.6

}

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

IsCurrPlaneAlphaFlag = FALSE

primary image plane */

if(BANDS_PRESENT = DCONLY) { /* BANDS_PRESENT of

if (NumLPQPs > 1 && USE_DC QP _FLAG = = FALSE)

LP_QP_INDEX[n] =

DECODE QP INDEX(NumLPQPs) /* primary image'plane */

8.7.10.1

MB_LP()

8.7.16.1

}

if (ALPHA IMAGE PLANE FLAG) {

IsCurrPlaneAlphaFlag = TRUE

alpha image plane */

if (BANDS_PRESENT !=DCONLY) { /* BANDS_PRESENT of

if (NumLPQPs > 1 && USE_DC QRPLAG = = FALSE)

/* alpha image plane */

LP_QP_INDEX[n] = DECODE QP_INDEX(NumLPQPs)

8.7.10.1

MB_LP()

8.7.16.1

}

!

while (IS BYTE_ALIGNEIX())

BYTE_ALIGNMENT, BIT

u(l)

8.4.21

8.71.6 TILEMHEADER LOWPASS()

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

Table 43 — TILE_ HEADER_LOWPASS() syntax structure

IR AR ALk

fanh @ # R_IO
LTILE TIDADLLIN LUVYWI AOSOU )

N P
LCLUTIPLUT

Rfs
I\CICTCIILT

if (LP_IMAGE _PLANE UNIFORM FLAG ==FALSE) {

USE DC QP FLAG u(l) 8.7.10.4
if (USE DC QP FLAG)
NumLPQPs =1
else {
NUM LP QPS MINUSI u(4) 8.7.10.5
NumLPQPs=NUM LP QPS MINUSI + 1
LP QP() 8.4.23
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8.7.7

56

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@®)

8.7.10.2

IsCurrPlaneAlphaFlag = FALSE

QNI NI XZ 00

if \BA}{DS_PP\_}:QLLVT .o J.J\_/\JLVL I &KX
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

H

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

IsCurrPlaneAlphaFlag = FALSE

if ( BANDS PRESENT !=DCONLY &&

BANDS_PRESENT != NOHIGHPASS) {
/* BANDS PRESENT of primary image plane */

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

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

8.7.10.10

MB_CBPHP()

8.7.17.2

MB HP()

8.7.18.2

;

if ALPHA IMAGE PLANE FLAG) {

IsCurrPlaneAlphaFlag = TRUE

if ( BANDS PRESENT != DCONLY &&
BANDS PRESENT != NOHIGHPASS) {
/* BANDS PRESENT of alph@ 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 BYTEZALIGNED())

BYTE ALIGNMENT BIT

u(l)

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

Table 45 —- TILE_ HEADER HIGHPASS( ) syntax structure

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

if (USE LP_QP FLAG)

AL RO AL L.RAOD
TR IS TR IS

else {
NUM HP QPS MINUSI u(4) 8.7.10.7
NumHPQPs =NUM HP QPS MINUSI + 1
HP QP() 8.4.24

}

8.7.9 TILE FLEXBITS()
THe TILE_FLEXBITS( ) syntax structure is specified by Table 46.

Table 46 — TILE_ FLEXBITS( ) 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; n4) {
IsCurrPlaneAlphaFlag = FALSE
if (BANDS_PRESENT == ALL)
/* BANDS PRESENT ‘efprimary image plane */
MB_FLEXBITS() 8.7.19.1
if (ALPHA IMAGE-"PLCANE FLAG) {
IsCurrPlaneAlphaFlag = TRUE
if (BANDS\PRESENT == ALL)
/* BANDS PRESENT of alpha image plane */

MB-FLEXBITS() 8.7.19.1
}
}
while (TS BYTE_ALIGNED())
BYTE ALIGNMENT BIT u(l) 8.4.21

8.7.10 . Tile-level semantics

8.1.10.1 TILE_STARTCODE

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

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

NOTE 2 — There is no guarantee that a byte-aligned 24-bit pattern evaluating to 0x000001 will not occur at any other location in
the codestream. Therefore, TILE_STARTCODE can only be used to reconfirm the start of a tile in conjunction with the index table
entries and not as a guaranteed indicator of the start of a tile.
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8.7.10.2 ARBITRARY_BYTE

ARBITRARY BYTE is an 8-bit syntax element. This syntax element may have any value. The value of this syntax
element shall be ignored by the decoder.

8.7.10.3 TRIM_FLEXBITS
TRIM_FLEXBITS is a 4-bit syntax element that is present if TRIM_FLEXBITS FLAG is equal to TRUE. Otherwise,

TRIM_FLEXBITS shall be inferred to be equal to 0.

NOTE — The number of bits per transform coefficient that are present in the flexbits tile-packet is specified by the value of
(ModelBitsMBHP[MBx][MBy][i] — TRIM_FLEXBITS) as specified in subclause 8.7.18.3 and subclause 8.7.19.1.

8.7.10.4 USE_DC_QP_FLAG

USE D€ QP FLAG is a 1-bit syntax element which specifies whether the LP band uses the same QP set as the PC
band. IffUSE DC QP_FLAG is equal to TRUE, the values of the LP QP set are set to those of the DC_ band QP {et;
otherwide, the values of the LP QP set are explicitly specified in the codestream. When USE DC (QP’ FLAG is pot
present, [its value shall be inferred to be equal to FALSE.

8.7.10.5 NUM_LP_QPS_MINUSI

NUM_IfP. QPS_MINUSI is a 4-bit syntax element that is present if LP_ IMAGE PLANE \UNIFORM _FLAG is equa] to
FALSE [ This syntax element specifies the number of LP band QPs, per color componentiin’ each tile, minus 1.

8.7.10.6 USE_LP_QP FLAG

USE LE QP FLAG is a 1-bit syntax element that specifies whether the HP,/band uses the same QP sets as the LP bapd.
If USE |LP_ QP _FLAG is equal to TRUE, the values of the HP QP s¢ts ‘are set to those of the LP band QP sdts;
otherwide, the values of the HP QP sets are explicitly specified in theXcodestream. When USE LP QP FLAG is pot
present, [its value shall be inferred to be equal to FALSE.

8.7.10.1 NUM_HP_QPS_MINUS1

NUM_HP_ QPS MINUSI is a 4-bit syntax element that is present if HP IMAGE PLANE UNIFORM FLAG is eqpal
to FALSE. This syntax element specifies the number of HR band QPs, per color component in each tile, minus 1.

8.7.10.3 LP_QP_INDEX]n]

LP QP [INDEX]|n] is a variable-length synfax:element that is present when BANDS PRESENT is not equal|to
DCONILY, NumLPQPs is greater than 1, and USE DC QP _FLAG is equal to FALSE. It specifies the QP index used for
the LP bBand of the n-th macroblock, in raster scan order, of the tile. The LP band QP for each color component shall|be
derived [from the g-th QP set when I'P_QP INDEX][n] takes the value q. The LP QP index is parsed using the synfax
structur¢ 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{f]

HP QP [INDEX][n] is af 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 fhe
QP indgx for the HP{band of the n-th macroblock, in raster scan order, of the tile. The HP band QP for each collor
compongnt shall-bederived from the g-th QP set when HP_QP_INDEX([n] takes the value q. The HP QP index is parged
using thp syntax-structure DECODE_QP_INDEX( ). When HP_QP_INDEX][n] is not present, its value shall be inferfed
as follows:

- IfUSE LP QP FLAG s equal to TRUE,; HP_QP INDEX][n] shall be inferred to be equal to LP_QP INDEX]n].
— Otherwise, HP_QP_INDEX|n] shall be inferred to be equal to 0.

8.7.10.10 DECODE_QP_INDEX()

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

Table 47 - DECODE_QP_INDEX( ) syntax structure

DECODE QP INDEX(iNumQP) {

Descriptor

Reference

iBitsQPIndex[ ]={0,0,1,1,2,2,3,3,3,3,4,4,4,4,4,4, 4}

iBits = iBitsQPIndex[iNumQP]

IS QPINDEX NONZERO FLAG

u(l) 8.7.10.11

if (IS QPINDEX NONZERO FLAG == FALSE)

iQPIndex =0

8.

IS
Qf

8.

Q}
TR

8.
Th

€lse { /T iBils > Uas INumQP > 1+

QPINDEX REF

u(iBits) | 8.7.10.12

iQPIndex = QPINDEX_REF + |

H

return iQPIndex

.10.11 IS_QPINDEX NONZERO_FLAG

.10.12 QPINDEX REF

(.11 MB_DC()
e MB_DC( ) syntax structure is specified by Table 48.

Table 48 —NMB_DC( ) syntax structure

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

INDEX REF is a syntax element that specifies the QP index when/IS QPINDEX NONZERO FLAG is
[UE. The value of QPINDEX REF shall be in the range of 0 to iNumQP—2. All other values are reserved.

\UE, the

equal to

MB DC() {

Descriptor

Reference

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

iBand = 0 /* 0 = DC bandl ==LP band, 2 = HP band */

blnitializeContext = (IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (blnitializeContext), {

InitializeDCVILG(")

8.8.3.1

InitializeModelMB(ModelDC, iBand)

8.12.1

}

iLapMean]| J)= {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)

8.7.14.1

bAbslevel=1S DC CH FIAG

©l

m=0

if (n 1= 0)

m=1

if (bAbsLevel)

iLapMean[m] = iLapMean[m] + 1

bChroma = FALSE /* Luma */

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

8.7.12

}

else { /* INTERNAL CLR_FMT is not YONLY, YUVK,
or NCOMPONENT */
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MB DC() {

Descriptor Reference

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

e(v) 8.7.14.2

/* Luma (Y) DC Parsing */

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

if (bAbsLevel)

iLapMean[0] = iLapMean[0] + 1

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

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

8.7.12

/* First chroma (U) DC Parsing */

bAbSIEVE = (VAL DC YUV & 2ZJT=10)

if (bAbsLevel)

iLapMean[1] = iLapMean[1] + 1

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

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

8.7.12

/* Second chroma (V) DC Parsing */

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

if (bAbsLevel)

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

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

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

8.7.12

}

UpdateModelMB(iLapMean[ ], ModelDC, iBand)

8.12.2

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

(MBx — LeftiMBIndexOfTile[ TileIndexx]) % 16 == 0)

if (bResetContext)

AdaptDC()

8.8.4.1

8.7.12

60

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 (iIModelBits) {

DC REF

u(iModelBits) | 8.7.14.3

iDCRef =DC-REF

iDC = ((DC<< iModelBits) | iDCRef

}

if iDEI=0) {

SIGN_FLAG

u(l) 8.7.14.4

if (SIGN_FLAG)

iDC =—-iDC

}

return 1DC
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8.7.13 DECODE_ABS_LEVEL()

Table 50 - DECODE_ABS _LEVEL() syntax structure

DECODE ABS LEVEL(iBand, bChroma, iContext) { Descriptor | Reference
/* sAdaptVLC is local instance of AdaptiveVLC data structure */
if (iBand == 0) /* DC */
if (bChroma)
sAdaptVLC = AbsLevellndDCChr
else
sAdaptVLC = AbsLevellndDCLum
else if (iIBand==1) /*LP */
if (iContext)
sAdaptVLC = AbsLevellndLP1
else
sAdaptVLC = AbsLevellndLP0
else if (iBand == 2) /* HP */
if (iContext)
sAdaptVLC = AbsLevellndHP1
else
sAdaptVLC = AbsLevellndHP0
iRemap[ ] = {2, 3,4, 6, 10, 14}
iFixedLen[ ] ={0,0,1,2,2,2}
ABS LEVEL INDEX /* Parse with table indexed by sAdaptVLC.TableIndex ) ae(v) 8.7.14.5
sAdaptVLC.DiscrimVall += AbslevellndexDelta[0]JABS LEVEL INDEX{] Table 86
if (ABS_LEVEL INDEX <6) {
iFixed = iFixedLen[ABS LEVEL INDEX]
iLevel = iRemap[ABS LEVEL INDEX]
if (iFixed > 0) {
LEVEL_REF u(iFixed) [ 8.7.]4.6
iLevel += LEVEL REF

}

} else { /* Escape mode */
FIXED NUM u(4) 8.7.14.7
iFixed = FIXED NUM + 4
if (iFixed == 19) {

FIXED NUM EXT u(2) 3.7.]4.8
iFixed += FIXED NUM _EXT
if (iFixed == 22) {
FIXED NUM EXT2 u(3) 8.7.]4.9
iFixed += FIXED“NUM EXT2

}

+
LEVEL REF u(iFixed) | 8.7.]4.6

iLevel = 2+ (1 << iFixed) + LEVEL REF

}

return illeyel

8.7.14 Macroblock DC( ) semantics

8.7.14.1 IS DC_CH_FLAG

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

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

Table 51 — Code table for VAL_DC_YUV

8.7.14.]

DC RE
needed

8.7.14.4

SIGN_H
coefficig

8.7.14.1

ABS LI
element
transfor
less that
element

and the drumber of bits required to specify.the VLC refinement, as specified in subclause 8.7.13.

The co
subclaug

CUl}b ‘V aiuc
10 0
001 1
0000 1 2
0001 3
11 4
010 5
0000 0 6
011 7

DC_REF

F is a syntax element which specifies the FLC refinement in the DC value. The number of bits, iModelB
o specify DC_REF is computed as specified in subclause 8.7.12.

| SIGN_FLAG

LAG is a 1-bit syntax element which specifies the sign of a coefficient. If SIGN FLAG is equal to TRUE,
nt is negative. Otherwise, the coefficient is positive.

5 ABS_LEVEL_INDEX

EVEL INDEX is a variable-length syntax element that has a value in the range of 0 to 6, inclusive. This syn
is used in the computation of the VLC-coded part of the transform coefficient. The VLC-coded part o
m coefficient is parsed in two stages: the initial level value and the VLC refinement. If ABS LEVEL INDEX
| 6, the initial level and the number of bits required to specify the VLC refinement are specified by this syn
If ABS LEVEL INDEX is equal to 6, further syntax elements are parsed to determine the initial level va

ng of this syntax element usesone of two tables, adaptively determined as specified by the parsing process (
e 8.8). The two code tables are specified in Table 52.

Table 52 — Code table for ABS_LEVEL_INDEX

he

€C

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

8.7.14.6 LEVEL_REF

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

or equal

62

to 6.
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8.7.14.7 FIXED _NUM
FIXED NUM is a 4-bit syntax element that is present if ABS LEVEL INDEX is equal to 6. It specifies the number of

bit

s needed to specify the initial level value.

8.7.14.8 FIXED NUM_EXT

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

8.7.14.9 FIXED NUM EXT2

FI
€q

8.
8.

Th
en
as

If
Sp
of
be
pr
thg

If

Sp
joi
int
IN|
i
co

TH
irr|

w

8.
Th

KED NUM_EXT?2 is a 3-bit syntax element that is present if FIXED NUM is equal to 15 and FIXED NUM
hal to 3. It specifies the number of additional extension bits needed to specify the initial level value.

/.15 Macroblock low-pass
(.16 General

is subclause specifies the derivation of the LP coefficients of the blocks in a macroblocks The presence of
ropy coded LP coefficients, i.e. coded block pattern low-pass, in a macroblock is represented by the variable
computed, as specified in Table 53, from the syntax elements CBPLP_YUV1 or CBPEP _YUV2 or CBPLP C

[NTERNAL CLR _FMT is not equal to YUV420 or YUV422, the coded black status of the n-th color comy
pcified by (ICBPLP >>n) & 1). If INTERNAL CLR FMT is equal to YUV420 or YUV422, the coded blo

up to 15 non-zero LP coefficients associated with that component~These coefficients are parsed by invo
cess DECODE BLOCK( ) specified by subclause 8.7.18.5, and thg¢ iriverse scanning order is determined by
process AdaptiveLPScan( ).

NTERNAL CLR FMT is equal to YUV420 or YUV422, the'coded block status of the U and V component
pcified by (ICBPLP >> 1) & 1). If the coded block statii§s*bit is non-zero, the LP coefficients of U and V a
ntly by invoking the process DECODE BLOCK( ) specified in subclause 8.7.18.5. The U and V coeffic
erleaved, and a fixed inverse scanning ordef’;(specified by iRemapArr and iRemapOffset) is
TERNAL CLR FMT is equal to YUV420, there-ean be up to 3 U and 3 V coefficients and the inverse scanni
U[1], V[1], U[2], V[2], U[3], V[3]. If INTERNAL CLR FMT is equal to YUV422, there can be up to 7 U
pfficients and the inverse scanning order issUf4], V[4], U[1], V[1], U[2], V[2], U[3], V[3], U[5], V[5], U[6], V

e value of the LP coefficients is refined by invoking the process REFINE LP(), and this process is
pspective of the value of iCBPLP.

[.16.1 MB_LP()
e MB_LP() syntax structure is specified by Table 53.

| EXT is

10N-ZEero
i{CBPLP
H_BIT.

onent is
k status

the luma component is specified by (iCBPLP & 1). If the coded block status bit of a component is non-zero, there can

king the
nvoking

s jointly
c parsed
ents are
hsed. If
ng order
and 7 V

6].

invoked
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Table 53 — MB_LP( ) syntax structure

MB LP() { Descriptor Reference

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

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

MAA PG PSTEPN M ral 4 VER S
T O ZCTONTOXT)

InitializeCountCBPLP() 8.9.2
InitializeLPVLC() 8.8.3.2
InitializeAdaptiveScanLP( ) 8.11.2
InitializeModelMB(ModelLP, iBand) 8.1211

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 | | CountMaxCBPLP < 0) {
CBPLP YUVI e(v) 8.7.16.3.1
if (CountMaxCBPLP < CountZeroCBPLP)
iCBPLP = iMax — CBPLP YUV
else
iCBPLP = CBPLP YUVI
} else {
CBPLP YUV2 u(iFullPlanes) | 8.7.16.3.2
iCBPLP = CBPLP YUV2

!
UpdateCountCBPLP(iCBPLP; iMax) 8.9.3

else {
iCBPLP =0
for (n=0; n < NumCamponents; n++) {
CBPLP _CH (BIF u(l) 8.7.16.3.3
iCBPLP |<(CGBPLP CH BIT <<n)

H

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

if INTERNAL CLR_FMT ==YUV420)
jMax =3

¢lse if INTERNAL CIR FMT == YUV422)
jMax =7

else
jMax = 15

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

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

Descriptor

Reference

iNumNonZero = 0

if (ICBPLP >>n) & 1) {

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

iRLCoeffs[i] =0

iLocation = 1

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

iLocation = 10

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

iLocation = 2

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

8. /.18.0

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]

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

1++

}

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

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

if INTERNAL CLR FMT = = YUY420)

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 +=iRLCaetfs[k*2]

AdaptiveLPScan(n, i, iRLCoeffs[k * 2 + 1]) /* Updates LPInput */

8.11.6

1++

;

;

V% iEGCBPLP>>n) & 1) */

iModelBits = ModelLP.MBits[ilndex]

iLapMean[ilndex] += iNumNonZero

+#f(1ModelBits)

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

for (k=1; k <4; k++) {

PIL 40110 T 4200M11—

s o
N
=
)

8]

EPInpuifHfiTransposed 200

REFINE LP(LPInput[1][iTranspose420[k]], iModelBits)

LPInput[2][iTranspose420[k]] =
REFINE LP(LPInput[2][iTranspose420[k]], iModelBits)

8.7.16.2

H

else if (INTERNAL CLR_FMT==YUV422) && n)

for (k=1; k <8; k++) {

LPInput[1][iTranspose422[k]]=
REFINE LP(LPInput[1][iTranspose422[k]], iModelBits)

8.7.16.2

LPInput[2][iTranspose422[k]] =
REFINE LP(LPInput[2][iTranspose422[k]], iModelBits)

8.7.16.2
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MB LP() {

Descriptor Reference

else

for (k=1; k <16; k++)

LPInput[n][iTranspose444[k]] =

REFINE LP(LPInput[n][iTranspose444[k]], iModelBits)

8.7.16.2

} /% for (n=0... %

U

pdateModelMB(iLapMean[ ], ModelLP, iBand)

8.12.2

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

if (bResetContext)

op
P
o

Al B
AUdpPLLL )

8.7.16.’

8.7.16.]
8.7.16.

REFINE_LP()

Table 54 — REFINE_LP() syntax structure

REFINE LP(iCoeff, iModelBits) {

Descriptor

Reference

COEFF_REF

u(iModelBits)

8.746.34

if (iCoeff > 0) {

iCoeff <<= iModelBits

iCoeff += COEFF_REF

} else if (iCoeff < 0) {

iCoeff <<= iModelBits

iCoeff —= COEFF_REF

} else {

iCoeff = COEFF_REF

if (iCoeff) {

SIGN FLAG

u)

8.7.14.4

if (SIGN_FLAG)

iCoeff = —iCoeff

;

H

return iCoeff

MB_LP() and REFINE(TuP( ) semantics
1CBPLP_YUV1

CBPLP|YUVI is a syntax element that is present if INTERNAL CLR_FMT is one of YUV420, YUV422, or YUV4{i4,
CountZeroCBPER s less than or equal to 0 or CountMaxCBPLP is less than O it jointly specifies the coded

and alsd

block pdttern low-passéofthe Y, U and V color components as follows:
— IFINTERNALS 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 =1f(CountZeroCBPLP > 0 && CountMaxCBPLP >= 0), the coded block pattern low-pass band is computed as specified

clause 8.7.16.1.

66
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Table 55 — Code table for CBPLP_YUV1 when INTERNAL_CLR_FMT is equal toYUV444

Code Value
0 0
100 1
1010 2
1011 3
1100 4
1101 5
1110 6
i 7

Table 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

8.7.16.3.2CBPLP_YUV2

CBPLP_YUV2 is a syntax element that is present when INTERNAL/CLR FMT is equal to YUV420, YUY422, or
YWPV444, and CountZeroCBPLP is greater than 0 and CountMaxCBPLP is greater than or equal to 0. The numbgr of bits
required to specify this syntax element is specified by iFullPlanes.

8.7.16.3.3CBPLP_CH_BIT

CBPLP CH BIT is a 1-bit syntax element thatsis’ present for each color component in an image when
INTERNAL _CLR _FMT is not one of YUV422, YUV420, or YUV444. 1t specifies the coded block pattern low-pass of
th¢ corresponding color component. If CBPLP(€H BIT is equal to 0, all the coefficients in the LP band| for this
mdcroblock of the corresponding color componerit are set to the value 0. If CBPLP_CH_BIT is equal to 1, the [LP band
foif this macroblock of the corresponding component is non-zero.

8.1.16.3.4COEFF_REF

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

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

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

Fifst step:sthe” syntax element NUM_CBPHP and REFINE CBPHP( ) process specify the residual CBPHP jtatus of
blgck-grotups where each block-group consists of multiple blocks as specified below.

If INEERNAI, CI.LR_FMT is equal to YUV444 YUV422 or YUV420, there is a NUM _CBPHP syntax elementlfor each
macroblock and each block-group consists of 2x2 group of luma blocks, and the co-located chroma blocks. For each 2x2
group of luma block, the co-located chroma blocks consists of a) 2x2 group of U blocks and 2x2 group of V blocks for
YUV444, b) 2x1 group of U blocks and 2x1 group of V blocks for YUV422, and ¢) 1 U block and 1 V block for
YUV420. Thus, there are 4 block-groups in each macroblock. NUM_CBPHP takes a value between 0 and 4 and specifies
the number of block-groups where CBPHP residual values are non-zero, i.e. block-groups that have CBPHP status that
differ from their predicted values. The REFINE CBPHP( ) process is invoked to determine which of the block groups
has non-zero residual CBPHP values.

If INTERNAL CLR _FMT is equal to YONLY, YUVK, or NCOMPONENT, there is a NUM_CBPHP syntax for each
color component in that macroblock, and each block-group consists of 2x2 groups of blocks in that color component.
Thus, there are 4 block-groups for each color component. NUM_CBPHP takes a value between 0 and 4 and specifies the
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number of block groups (in that color component) where CBPHP residual values are non-zero, and the
REFINE CBPHP( ) process is invoked to determine which of the block groups has non-zero residual CBPHP values.

Second step: If the residual CBPHP status of a block-group is equal to 0, the residual CBPHP of all the blocks in the
group is inferred to be equal to 0. If the residual CBPHP status of a given block-group is non-zero, the
NUM_BLKCBPHP and subsequent syntax elements are used to indicate the residual CBPHP of specific blocks in that
block-group as summarized below:

If INTERNAL CLR FMT is equal to YUV444, YUV422, or YUV420, there is a NUM_BLKCBPHP syntax element for
each block-group with non-zero residual CBPHP status. NUM_BLKCBPHP takes a value between 0 and 8. If
NUM_BLKCBPHP plus 1 is less than 6. it indicates that the residual CBPHP of all the chroma blocks in the block group

CODE |
blocks i
or ¢) bo
non-zer

If INTE
multiple
REFINH
to YUV

If INTH
element
takes a
value of]

Third st
the blog
hierarch|

nibble, the blocks of a block-group are in raster scan order, and 2x2-block-groups in a macroblock are also in raster s¢

order. I
compon

The Pre
of (MB
raster sc|

8.7.17.1
The MB

to 0. The luma blocks that have non-zero residual CBPHP are indicated by the value of NUM_BLKCBPHR ¢
NC. If NUM_BLKCBPHP plus 1 is greater than or equal to 6, the residual CBPHP of at least some. chro

this block-group are non-zero, and the syntax elements CHR CBPHP is parsed to specify if a) the U, er b)
h U and V, color components have blocks with non-zero residual CBPHP. In this case, the luma blé¢ks that hd
residual CBPHP are indicated by the value of NUM_BLKCBPHP, VAL INC and CODE_INC!

RNAL CLR FMT is equal to YUV444 or YUV422, the chroma component with non-zero-tesidual CBPHP
blocks. If INTERNAL CLR FMT is equal to YUV444, the syntax element NUM_CH |BLK and the proc
_ CBPHP( ) specify the chroma blocks that have non-zero residual CBPHP. If INTERNAL CLR FMT is eq
122, the syntax element CBPHP _CH BLK specifies the chroma blocks that have nonézero residual CBPHP.

RNAL CLR FMT is equal to YONLY, YUVK, or NCOMPONENT, thereis’a NUM_BLKCBPHP syn
for each block-group (in each color component) where residual CBPHP status’is non-zero. NUM_BLKCBP
alue between 0 and 4. The blocks in this block-group that have non-zerg residual CBPHP are indicated by
NUM_BLKCBPHP and CODE_INC.

bp: On the completion of the second step for all block groups in a ‘macroblock, the residual CBPHP values for
ks in color component i are stored in the corresponding iDiffCBPHP[i] variable. These values are stored i
cal raster scan order, where each consecutive nibble of 4 bits\Corresponds to one 2x2 block group. Within e3

f INTERNAL CLR FMT is equal to YUV422 or \YUV420), the hierarchical scan order for the chro
ents is identical to the normal scan order.

HCBPHP( ) process is invoked to compute the actual CBPHP values from the residual CBPHP values. The va
CBPHP[MBx][MBy][i] >>j) & 1) specifies the coded block status of the j-th block (in the same hierarchi
an order as iDiffCBPHP) associated with the i-th color component in the macroblock indexed by MBx and MH

MB_CBPHP()
| CBPHP( ) syntax structure is-specified by Table 57.

Table 57 — MB_CBPHP( ) syntax structure

nd
ma
v,
ve

nas
ESS
1al

ax

he

h a
ch

na

ue
cal
y.

MB (

BPHP() { Descriptor Reference

/*

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

/* BAdaptVLC.islo6cal instance of AdaptiveVLC data structure */
iFLC[ ] = {0321, 2,2, 0}

iOff] 1=¢0,4, 2, 8, 12, 1}

Ol.1={0, 15,3,12,1,2,4,8,5,6,9, 10,7, 11, 13, 14}
iDIffEBPHP[NumComponents] =0 /* Initializing the array to zero */
blnitializeContext =

(IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

if (blnitializeContext)

InitializeCBPHPVLC( ) 8.8.3.4

if INTERNAL_CLR_FMT == YUVK ||

INTERNAL CLR_FMT == NCOMPONENT)

iComponent = NumComponents

else

iComponent = 1

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

sAdaptVLC = DecNumCBPHP
/* reference AdaptiveVLC struct for NUM CBPHP */

68
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MB CBPHP() { Descriptor Reference
NUM CBPHP /* using sAdaptVLC */ ae(v) 8.7.17.4.1
sAdaptVLC.DiscrimVall += Table 89

NumCBPHPDelta[sAdaptVLC.DeltaTableIndex][NUM_CBPHP]
/* sAdaptVLC.DeltaTablelndex is equal to 0 */
iCBPHP = REFINE CBPHP(NUM_CBPHP) 8.7.17.3
for (iBlock = 0; iBlock < 4; iBlock++)
if (CBPHP & (1 << iBlock)) {
sAdaptVLC = DecNumBIkCBPHP
/* reference AdaptiveVLC struct for NUM_BLKCBPHP */
NV BHSEBPHP+usingsAdapt VEE actvy 8F147.4.2
sAdaptVLC.DiscrimVall += Tablg 90,
NumBlkCBPHPDelta[sAdaptVLC.DeltaTableIndex][NUM BLKCBPHP] Tablg 91
iVal = NUM_BLKCBPHP+I
iBIKCBPHP =0
if (iVal >=6) { /* Is chroma */
CHR_CBPHP etv) 8.7.17.4.3
iBIkKCBPHP = 0x10 * (CHR_CBPHP + 1)
if (iVal >=9) {
VAL INC e(v) 8.7.17.4.4
iVal += VAL INC

}
iVal =6

H

iCode = iOff[iVal]

if GFLC[iVal]) {
CODE INC u(iFLC[iVal]) | 8.7.17.4.5
iCode += CODE INC

}

iBIkCBPHP += iOut[iCode]

if INTERNAL CLR FMT == YUV444) {
iDiffCBPHP[0] |= ((iBIKCBPHP & 0x0F) << (iBlock * 4))
for (k=0; k <2; k++)

if (IBIkKCBPHP >> (k + 4)) &,0x01) {
NUM CH BLK e(v) 8.7.17.4.6
iCBPHPChr = RERINE CBPHP(NUM CH BLK + 1) 8.7.1).3
iDiffCBPHP[k(+ {'|= (CBPHPChr << (iBlock * 4))
}
/* INTERNAL «€€LR FMT ==YUV444 */

} else if INTERNAL CLR FMT == YUV422) {
iDiffCBPHR[0] |= ((iBIKCBPHP & 0x0F) << (iBlock * 4))
for (k =0,)Kk <2; k++)

if((iIBIkCBPHP >> (k + 4)) & 0x01) {
iShift[4] = {0, 1, 4, 5}
CBPHP CH BLK e(v) 8.7.1f.4.7
iCBPHPChr = iShiftff CBPHP CH BLK + 1]
iDiffCBPHP[k + 1] |= (iCBPHPChr << iShift[iBlock])

}
\ else if INTERNAL CLR FMT = = YUV420) {
iDiffCBPHP[0] |= ((iBIkCBPHP & 0x0F) << (iBlock * 4))

e R PR ‘RUH-CRDIIR AN R OO el
LTI DI TN T [ (IUDIRCU DI TID =) & UAUTL) IDIUUK)

iDiffCBPHP[2] |= (((iBIKCBPHP >> 5) & 0x01) << iBlock)
} else /* Default */
iDiffCBPHP[i] |= ((iBIkKCBPHP ) << (iBlock * 4))
} /*if GCBPHP...) */
} /R
PredCBPHP(iDiffCBPHP) 8.7.17.5.1
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8.7.17.3 REFINE_CBPHP()

Table 58 — REFINE_CBPHP( ) syntax structure

REFINE CBPHP(iNum) { Descriptor Reference
if (INum == 2) {
REF CBPHP1 e(v) 8.7.17.4.8

iRef=REF CBPHP1
} else if (Num==1) {
REF CBPHP u(2) 8.7.17.4.9

8.7.17.4

8.7.17.4

NUM_(
CBPHP
two VL
table ¢
subclaus

8.7.17.4

NUM _H
residual
NCOMI
Otherwi

Rel = (1<<REF_CBPHD)
} else if (INum==3) {
REF CBPHP u(2) 8.7.17.4.9
iRef = (0xOF ~ (1<<REF CBPHP))
} else if (INum==4)
iRef = 0xOF
else
iRef=0
return iRef

| MB_CBPHP( ) and REFINE_CBPHP( ) semantics
.INUM_CBPHP

BPHP is a variable syntax element that specifies the number\of block-groups where CBPHP residual valy
status differs from their predicted values as specified in subclause 8.7.17.1. NUM_CBPHP is parsed using one
C tables specified in Table 59. The adaptive VLC structure @sed to parse NUM_CBPHP is initialized to the V
rresponding to Code O as specified in subclause 8:8:3.4, and the structure is updated as specified
e 8.8.4.

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

}.2NUM_BLKCBPHP

LKCBPHP fs-a variable-length syntax element that specifies the CBPHP status of each block-group wh
CBPHP stafus is non-zero as specified in subclause 8.7.17.1. If INTERNAL CLR FMT is equal to YUW
ONENT, or YONLY, NUM_BLKCBPHP is coded using one of the two VLC tables specified in Table
ke, NUM_BLKCBPHP is parsed using one of the two VLC tables specified in Table 61. The adaptive V

ies
of
e
in

bre
K,
b0.
.C

structurg

used to parse NUM_BLKCBPHP is initialized to the VLC table corresponding to Code 0 as specified

m

subclause 8.8.3.4, and the structure is updated as specified in subclause 8.8.4.
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Table 60 — Code table for NUM_BLKCBPHP

if INTERNAL_CLR_FMT is one of {YUVK, NCOMPONENT, YONLY}

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

ISO/IEC 29199-2:2012(E)

Table 61 — Code table for NUM_BLKCBPHP

if INTERNAL_CLR_FMT is not one of {YUVK, NCOMPONENT, YONLY}

Code 0 Code 1 Value
010 1 0
00000 001 1
0010 010 2
00001 0001 3
00010 000001 4
1 011 5
011 00001 6
00011 0000000 4
0011 0000001 8

8.1.17.4.3CHR_CBPHP

CHR CBPHP is a syntax element that specifies the chroma components have non-zero CBPHP in a block-group as
sp¢cified in subclause 8.7.17.1. The VLC used to parse GHR 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 Hlocks are
indicated by CHR_CBPHP-= 1, and c¢) both U and V component blocks are indicated by CHR_CBPHP = 2.

8.1.17.44VAL_INC

VAL INC is a-syntax element that refines the CBPHP of a block-group as specified in subclause 8.7.171 when
NWUM_BLKCECBPHP plus 1 is greater than or equal to 9. The VLC that specifies the parsing of VAL INC is spdcified in
Taple 62.

8.1.47.4.5CODE_INC

CODE INC is a syntax element that specifies the location of coded blocks in a block-group as specified in
subclause 8.7.17.1. The size of this syntax element is specified by iFLC[iVal], where iFLC][ | and iVal are specified in
subclause 8.7.17.2.

8.7.17.4.6NUM_CH_BLK

When INTERNAL CLR FMT is equal to YUV444, NUM_CH_BILK is a syntax element that specifies the number of
coded chroma blocks in a 2x2 block-group as specified in subclause 8.7.17.1. The VLC that specifies the parsing of
NUM_CH _BLK is specified in Table 63.
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8.7.17.

Table 63 — Code table for NUM_CH_BLK

Code Value
1 0
01 1
000 2
001 3

When INTERNAL CLR FMT is equal to YUV422, CBPHP CH BILK is a syntax element that refines the chroma

CBPHP/|for a block-group as specified in subclause 8.7.17.1. The VLC that specifies the parsing of CBPHP_ CH._BLHK is

specifie

in Table 62.

8.7.17.4.8REF_CBPHP1
REF CBPHP1 is a variable size syntax element that refines the CBPHP of a block-group as specified |in

subclaugde 8.7.17.1. The VLC that specifies the parsing of REF CBPHP1 is specified in Table 64.

8.7.174

8.7.17.%

The CBPHP of neighbouring blocks is used to predict the CBPHP of current block as specified by subclause 8.7.17.5.
The prefliction of CBPHP in each component is performed independently. The prediction of CBPHP for the U and
compongnts in the YUV422 case js\specified by subclause 8.7.17.5.3.The prediction of CBPHP for the U and|
compongnts in the YUV420 is specified by subclause 8.7.17.5.4. In all other cases, the prediction of CBPHP is speciffe
by subclause 8.7.17.5.2. After,the-CBPHP of the current block is reconstructed, the CBPHP prediction model is updafe

Table 64 — Code table for REF_CBPHP1

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

I9REF _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.

CBPHP prediction

as specified by subclause 8 4+0:2-

<<

[sT =R
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8.7.17.5.1 PredCBPHP()

Table 65 — Pseudocode for function PredCBPHP( )

PredCBPHP(iDiffCBPHP| ]) { Reference
bInitializeContext =
(IsMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)
if (bInitializeContext)

InitializeCBPHPModel( ) 8.10.1
if INTERNAL_CLR FMT == YUV420 ||

INTERNAL CER 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) 8.7.115.3

MBCBPHP[MBx][MBy][2] = PredCBPHP422(2, iDiffCBPHP) 8(7.175.3
} else if INTERNAL CLR_FMT = = YUV420) {

MBCBPHP[MBx][MBy][1] = PredCBPHP420(1, iDiffCBPHP) 87.17.54

MBCBPHP[MBx][MBy][2] = PredCBPHP420(2, iDiffCBPHP) 8.7.17.54

8.7.17.5.2PredCBPHP444( )

Table 66 — Pseudocode for function PredCBPHP444( )

PredCBPHP444(i, iDiffCBPHP) { Reference
cl=0
if i>0)
cl=1
iCBPHP = iDiffCBPHP[i]
if (CBPHPModelHP.CBPHPState[c1] ==0) {
if IsMBLeftEdgeofTileFlag)
if IsMBTopEdgeofTileFlag)
iCBPHP "= 1
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))
iCBPHP "= (0x20 & (iCBPHP << 1))
iCBPHP "= ((iCBPHP & 0x33) << 2)
iCBPHP "= ((iCBPHP & 0x00CC) << 6)
iCBPHP "= ((iCBPHP & 0x3300) << 2)
ot EBPHPModetHP-CBPHP Sttt H—25
iCBPHP "= 0x0000FFFF
iNOrig = Numones(iCBPHP)
UpdateCBPHPModel(c1, iNOrig) 8.10.2
return iCBPHP
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8.7.17.5.3PredCBPHP422( )

Table 67 — Pseudocode for function PredCBPHP422( )

PredCBPHP422(i, iDiffCBPHP| ]) { Reference
iCBPHP = iDiffCBPHP][i]
if (CBPHPModelHP.CBPHPState[1] == 0) {
if IsMBLeftEdgeofTileFlag)
if IsMBTopEdgeofTileFlag)
iCBPHP "= 1
else
iCBPHP = ((MBCBPHP[MBx][MBy—1][i] >>6) & 1)

else
iCBPHP "= ((MBCBPHP[MBx—1][MBy][i] >> 1) & 1)
iCBPHP "= ((iCBPHP & 0x01) << 1)
iCBPHP "= ((iCBPHP & 0x03) << 2)
iCBPHP "= ((iCBPHP & 0x0C) << 2)
iCBPHP "= ((iCBPHP & 0x30) << 2)
} else if (CBPHPModelHP.CBPHPState[1] == 2)
iCBPHP "= 0x00FF
iNOrig = Numones(iCBPHP) * 2
UpdateCBPHPModel(1, iNOrig) 8.10.2
return iCBPHP

8.7.17.5.4PredCBPHP420()

Table 68 — Pseudocode for function PredCBPHP420( )

PredCBPHP420(i, iDiffCBPHP[ ]) { Reference
iCBPHP = iDiffCBPHPJi]
if (CBPHPModelHP.CBPHPState[ []==0) {
if (IsMBLeftEdgeofTileFlag)
if IsMBTopEdgeofTilePlag)
iCBPHP "= 1
else
iCBPHP*=((MBCBPHP[MBx][MBy—1][i] >>2) & 1)

else
iCBPHR2= (MBCBPHP[MBx—1][MBy][i] >>1) & 1)
iCBPHR = (0x02 & (iCBPHP << 1))
iCBRHP "= ((iCBPHP & 0x3) << 2)
} else it{(CBPHPModelHP.CBPHPState[1] ==2)
i¢BPHP "= 0xOF
iNOrig = Numones(iCBPHP) * 4
UpdateCBPHPModel(1, iNOrig) 8.10.2
return iCBPHP

8.7.18 Macroblock high-pass
8.7.18.1 General

The presence of non-zero HP coefficients in j-th block in color component is specified by
((MBCBPHP[MBx][MBYy][i] >>j) & 1), where the blocks are scanned in the hierarchical raster scan order specified in
subclause 8.7.17.1. If there are non-zero coefficients in a block, these coefficients are parsed by invoking the process
DECODE BLOCK_ ADAPTIVE(), specified in subclause 8.7.18.4, which, in turn, invokes the process
DECODE BLOCK( ), specified in subclause 8.7.18.5, for parsing the coefficients, and invokes the process
AdaptiveHPScan( ) to determine the inverse scanning order of the coefficients.

74 © ISO/IEC 2012 — All rights reserved


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

8.7.18.2 MB_HP()

Table 69 — MB_HP( ) syntax structure

ISO/IEC 29199-2:2012(E)

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)

1T (bInitializeContext) {

InitializeHPVLC()

8.8.33

InitializeAdaptiveScanHP( )

8113

InitializeModeIMB(ModelHP, iBand)

8.121

!

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

if (bResetTotals)

ResetTotalsAdaptiveScanHP( )

8.11.5

iLapMean[ ] = {0, 0}

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

bChroma = (i > 0)

iNBlocks = 4

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

iNBlocks = 1

else if (bChroma && INTERNAL CLR FMT == YUV422)

iNBlocks =2

iCBPHP = MBCBPHP[MBx][MBy][i]

for (iBlock = 0; iBlock < iNBlocks * 4; iBlock++) {

iBlockMap = iBlock

if (iNBlocks == 4)

iBlockMap = iHierScanOrder[iBlock]

for (k=0; k <16; k++)

HPInputVLC[i][iBlock][k] = 0

iNumNonZero =
DECODE BLOCK ADAPTIVE(iCBPHP & 1, bChroma, i, iBlockMap)

8.7.18.4

iLapMean[bChroma] += iNumNonZero

iCBPHP >>=1

}

}

ModelBitsMBHP[MBx}{MBy][0] = ModelHP MBits[0]

ModelBitsMBHP[MBx}NMBy][1] = ModelHP MBits[1]

UpdateModelMB(¢LapMean[ ], ModelHP, iBand)

8.12.2

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

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

if (bResetContext)

AdaptHP()

8.84.3

© ISO/IEC 2012 — All rights reserved
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8.7.18.3 MB_HP_FLEX()

Table 70 - MB_HP_FLEX( ) syntax structure

MB HP FLEX() { Descriptor Reference

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

iBand =2

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

blnitializeContext = (IsSMBLeftEdgeOfTileFlag && IsMBTopEdgeOfTileFlag)

1T (bInitializeContext) {

InitializeHPVLC() 8.8.3.3
InitializeAdaptiveScanHP( ) 8.11.3
InitializeModeIMB(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 = iHierScanOrder[iBlogk]
for (k=0; k <16; k++)

HPInputVLC[i][iBlock][k] =.0
iNumNonZero = 8.7.18.4

DECODE BLOCK ADAPTIVE(iCBPHP & 1, bChroma, i, iBlockMap)
if (BANDS PRESENT '=NOFLEXBITS)

BLOCK FLEXBIFS(i, iBlockMap, iModelBits, TRIM_FLEXBITS) 8.7.19.2
iLapMean[bChrema] += iNumNonZero
iCBPHP >>=1

}

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

ModelBitsMBHP[MBx][MBy][1] = ModelHP.MBits[ 1]
UpdateModelMB(iLapMean][ ], ModelHP, iBand) 8.12.2
bReésetContext = (MBx = = (LeftMBIndexOfTile[ TileIndexx + 1] — 1) ||
(MBx — LeftMBIndexOfTile[ TileIndexx]) % 16 == 0)
1T (bReseTComext)
AdaptHP() 8.8.4.3
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8.7.18.4 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 (1=0;i<32; i++)

iLocalCoeft]i] =0
iLocation = 1
iNumNonZero = 0
11 (bNoSKip) {
iNumNonZero = 8.7.1815
DECODE BLOCK(bChroma, iLocalCoeff] ], iBand, iLocation)
k = iLocation
for (kk = 0; kk <iNumNonZero; kk++) {
k += iLocalCoeft[kk * 2]
AdaptiveHPScan(iComponent, iBlock, k, iLocalCoeff[kk * 2 + 1]) 8.11.7
k++

}

}

return iNumNonZero
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8.7.18.5 DECODE_BLOCK()

Table 72 —- DECODE_BLOCK( ) syntax structure

DECODE BLOCK(bChroma, iCoeff] |, iBand, iL.ocation) { Descriptor | Reference
iNumNZ = 1
iFirstindex = DECODE _FIRST INDEX(bChroma, iBand) 8.7.18.8
SIGN FLAG u(1) 8.7.14.4

iSR = (iFirstIndex & 1)
iSRn = (iFirstindex >> 2)
1Context = (ISR & 15KRn)
if (iFirstIndex & 2)
iCoeff[1]= DECODE ABS LEVEL(iBand, 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 += iCoeff]0] + 1
while (iSRn !=0) {
iSR = (iSRn & 1)
iCoeff[iNumNZ * 2] =0

if (SR==0)

iCoeff[iNumNZ * 2] = DECODE RUN(15 — iLocation) 8.7.18.6
iLocation += (iCoeff[iNumNZ * 2] + 1)
ilndex = DECODE INDEX(iLocation, bChroma, iBand, iContext) 8.7.18.7

iSRn = (ilndex >> 1)
iContext &= iSRn

SIGN FLAG u(l) 8.7.14.4
if (ilndex & 1)
iCoeff[(iNumNZ *2) + 1] = 8.7.13

DECODE ABS LEVEL(iBand,bChroma, iContext)

else

iCoeff{[(iINumNZ *2) + 1] =1
if (SIGN_FLAG)

iCoeff[(iNumNZ * 2) +4] =—iCoeff[ (iNumNZ * 2) + 1]
iNumNZ++

}

return iNumNZ

78 © ISO/IEC 2012 — All rights reserved


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

ISO/IEC 29199-2:2012(E)

8.7.18.6 DECODE_RUN()

Table 73 —- DECODE_RUN( ) syntax structure

DECODE RUN(iMaxRun) { Descriptor Reference
iRemap[ ]={1,2,3,5,7,1,2,3,5,7,1,2,3,4,5}
iRunBin[ ]={-1,-1,-1,-1,2,2,2,1,1,1,1,0,0,0, 0}
iRunFixedLength[ ]={0,0,1,1,3,0,0,1,1,2,0,0,0,0, 1}
if (iIMaxRun < 5) {

iRun =1,
1 (1IMaxRun =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

H

}

return iRun
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8.7.18.7 DECODE_INDEX()

80

Table 74 - DECODE_INDEX( ) syntax structure

DECODE INDEX(iLocation, bChroma, iBand, iContext) {

Descriptor Reference

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

if iBand == 1) /* LP */

if (bChroma)

if (iContext)

sAdaptVLC = DecIndLPChrl1

else

sAdaptVLC = DecIndLPChr0

else /* Luma */

if (iContext)

sAdaptVLC = DecIndLPLuml

else

sAdaptVLC = DecIndLPLum0

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

if (bChroma)

if (iContext)

sAdaptVLC = DecIndHPChr1

else

sAdaptVLC = DecIndHPChr(

else /* Luma */

if (iContext)

sAdaptVLC = DecIndHPLum1

else

sAdaptVLC = DecIndHPLum(

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.DeltaTablelndex][INDEX A]

Table 88

sAdaptVLC.DiscrimVal2 +=

Index1Delta[sAdaptVLC.Delta2 Tableludex][INDEX A]

Table 88

ilndex = INDEX A

else if (iLocation == 15) {

INDEX B

e(v) 8.7.18.9.5

ilndex = INDEX B

else {

INDEX_C FLAG

u(D) 8.7.18.9.6

ilndex = INDEX C ELAG

return ilndex
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8.7.18.8 DECODE_FIRST_INDEX()

Table 75 — DECODE_FIRST INDEX( ) syntax structure

DECODE FIRST INDEX(bChroma, iBand) { Descriptor Reference
/* sAdaptVLC is local instance of AdaptiveVLC data structure */
if iBand==1) /*LP ¥

if (bChroma)

sAdaptVLC = DecFirstiIndLPChr
else /* Luma */

sAdaptVLC = DecFirstindLPLum

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

if (bChroma)

sAdaptVLC = DecFirstindHPChr
else /* Luma */

sAdaptVLC = DecFirstindHPLum

FIRST INDEX /* Decode with sAdaptVLC */ ac(v) 8.7.18.9.7

/* update Discriminants for sAdaptVLC */

sAdaptVLC.DiscrimVall += Table 8}
FirstIndexDelta[sAdaptVLC.DeltaTableIndex][FIRST INDEX]

sAdaptVLC.DiscrimVal2 += Table 8}

FirstIndexDelta[sAdaptVLC.Delta2 TableIndex][FIRST INDEX]
return FIRST INDEX

8.7.18.9 Block-level semantics

8.7.18.9.1 RUN_VALUE

RUN VALUE is a variable-length syntax element that is, present when iMaxRun is greater than 1 and iMaxRun is less
thgn 5. It specifies the value of run. If iMaxRun is:gqual to 2, the parsing of RUN_VALUE is specified by Table 76.
Otherwise, if iMaxRun is equal to 3, the parsing of RUN_ VALUE is specified by Table 77. Otherwise, (if iMgxRun is
eqpal to 4), the parsing of RUN_VALUE is specificd by Table 78.

Table 76 =Code table of RUN_VALUE if iMaxRun ==

Code Value
1 1
0 2

Table 77 — Code table of RUN_VALUE if iMaxRun = =

Code Value
1 1
01 2
00 3

Table 78 — Code table of RUN_VALUE if iMaxRun ==

Code Value
1 1
01 2
001 3
000 4
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8.7.18.

9.2RUN_INDEX

RUN_INDEX is a variable-length syntax element that is present when iMaxRun is greater than or equal to 5. It specifies
the value of iRun in subclause 8.7.18.6. The parsing of RUN_INDEX is specified by Table 79.

8.7.18.9.3RUN_REF

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

8.7.18.94INDEX A

INDEX
0 to 5,
specifie

INDEX| A 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
fpllows:

4 If INDEX A & 1) is equal to0;\this magnitude is equal to 1.
- Otherwise, this magnitude(is,greater than 1.

— The ternary of event whether this coefficient is the last coefficient in the block, and if there are more non-zg¢

[e]

8.7.18.9.SINDEX B

4 If INDEX_ A >>1is equal to 0, this coefficient is the last coefficient in the block.

-4 Otherwise,df (INDEX A >> 1) is equal to 1, the run before the next non-zero coefficient is zero.

Table 79 — Code table of RUN_INDEX

Code Value
1 0
01 1
0000 3
0001 4

| A is a variable-length syntax element that is present when iLocation is less than 5, It has a value in the rangg
nclusive. The coding of this symbol uses one of four tables. The choice oftable is adaptively determined
| in subclause 8.8.4. The VLC tables are specified in Table 80.

Table 80 — Code table for INDEX~A¢

Code ) | Codel [ Code2 | Code3 Value
1 01 0000 0 0000 0
00000 | 0000 0001 00001 1
001 10 01 0J 2
00001 0001 10 1 3
01 11 11 0001 4
0001 001 001 001 5

pefficients, whether thé_run before the next non-zero coefficient is zero or non-zero, as follows:

-4 Otherwise (i.e. when (INDEX A >> 1) is equal to 2), the run before the next non-zero coefficient is non-zerd.
NOT

E — ThusINDEX A has an alphabet size of 2*3= 6.

VA

of
as

as

INDEX B is a variable-length syntax element that is present when iLocation is equal to 15. It has a value in the range of
0 to 3, inclusive. The VLC table is specified in Table 81.

82

Table 81 — Code table for INDEX B

Code Value
0 0
10 2
110 1
111 3
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INDEX_B jointly codes the following two events:

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

- If (INDEX B & 1) is equal to 0, this magnitude is equal to 1.
— Otherwise, this magnitude is greater than 1.

The binary event of whether this coefficient is the last coefficient in the block or if there are more non-zero
coefficients, as follows:

- If INDEX B >> 1) is equal to 0, this coefficient is the last coefficient in the block.

8.

NOTE — Thus INDEX_ B has an alphabet size of 2*2=4.

7.18.9.6INDEX_C_FLAG

— Otherwise, the run before the next non-zero coefficient is zero.

INDEX C FLAG is a 1-bit syntax element that is present when iLocation is equal to 16. It spécifies the pregence of

su
8‘

FI

Sy
Vi

FI

bsequent run/level symbols.

.18.9.7FIRST_INDEX

RST INDEX jointly codes the following three events:

RST INDEX is a variable-length syntax element that has a value in the range of-0\fo 11, inclusive. The coding of this
itax element uses one of five tables. The choice of table is adaptively determined/as specified in subclause 8J8.4. The
C tables are specified in Table 82.

Table 82 — Code table for FIRSTINDEX

Code 0 Code 1 | Code2 Code3 Code 4 Value
0000 1 0010 11 001 010 0
0000 01 0001 0 001 11 1 1
0000 000 [ 0000 00 [ 0000 000[~0000 000 | 0000 001 2
0000 001 | 0000 01 [ 0000 0Q1 | 0000 1 0001 3
00100 0011 00001 0001 0 0000010 4
010 010 0.0 010 011 5
00101 0001 1 0000 010 | 0000 001 | 0000 0000 | 6
1 11 011 011 0010 7
00110 (AR 100 0001 1 0000011 8
0001 100 101 100 0011 9
0011 1 0000 1 0000011 | 0000 01 0000 0001 | 10
01} 101 0001 101 0000 1 11

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.
- Othenwise 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:

IFEIRST INDPDEX & 2N 1o aqnal+a ) thic smagnitnda 1o
HA{F T Er a5 eqHat0-o S A ghituae3s

— Otherwise, this magnitude is greater than 1.

The ternary event of whether the first coefficient is the last coefficient in the block, and if there are more non-zero
coefficients whether the run before the next non-zero coefficient is zero or non-zero, as follows.

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

— Otherwise ((FIRST _INDEX >>2) is equal to 2), the run before the next non-zero coefficient is non-zero.

NOTE — Thus FIRST INDEX has an alphabet size of 2*3*3 = 12.
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8.7.19 Macroblock FLEXBITS
8.7.19.1 MB_FLEXBITS()

Table 83 — MB_FLEXBITS( ) syntax structure

MB FLEXBITS() { Descriptor Reference
/* IsCurrPlaneAlphaFlag is equal to TRUE for parsing alpha image plane,
and IsCurrPlaneAlphaFlag is equal to FALSE for parsing primary
image plane */
THierScanordert =0, 13,5, 2,3, 6, 7, 8, 9, 12, 13, 10, 11,134,153
for (i = 0; i < NumComponents; i++) {

ilndex =0

if (i>0)
ilndex = 1

iModelBits = ModelBitsMBHP[MBx][MBy][iIndex]

iNBlocks = 4

if ((iIndex == 1) && (INTERNAL CLR FMT ==YUV420))
iNBlocks = 1

else if (ilndex && (INTERNAL CLR FMT ==YUV422))
iNBlocks = 2

for (iBlock = 0; iBlock < iNBlocks * 4; iBlock++) {
iBlockMap = iBlock
if (iNBlocks ==4)
iBlockMap = iHierScanOrder[iBlock]
BLOCK _FLEXBITS(), iBlockMap, iModelBits, TRIM_FLEXBITS) 8.7.19.2

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

8.7.19.2 BLOCK_FLEXBITS()

Table 84 - BEOCK_FLEXBITS( ) syntax structure

BLIOCK 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 = iModelBit§ = 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
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DECODE FLEX(iVLCCoeff, iFlexBitsLeft) {

Descriptor

Reference

FLEX REF

u(iFlexBitsLeft)

8.7.19.4.1

if (VLCCoeff> 0)

iFlexCoeff = FLEX REF

else if (IVLCCoeff < 0)

iFlexCoeff = -FLEX REF

else {

iFlexCoeff = FLEX REF

if (iFlexCoeff) {

SIGN FLAG

u(l)

8.7.14.4

if (SIGN FLAG)

iFlexCoeff = —iFlexCoeff

}

}

return iFlexCoeff

8.7.19.4 FLEXBITS semantics
8.1.19.4.1FLEX REF

FIEX REF is a syntax element that specifies the flexbits part of\the'HP coefficient. The size of this syntax elpment is

sp¢cified by iFlexBits.

8.3 Adaptive VLC code table selection

8.8.1 General

Adaptive VLC Table Selection is a process byswhich the entropy coding method adapts to image statistics find thus
provides better compression. First, a small ;number of representative VLC tables are predefined. These tgbles are
defigned so as to be suitable for a wide fange of statistics. During the entropy coding process, the most appropriate code
taljle is selected based on the history of recently-coded symbols. The VLC tables and the information reqyired for

adpptation are precomputed as follows

Let the set of VLC tables be:(vT1, vT2, ..., vI'n where the ordering of the tables is predefined based on their relative
sithilarity. That is vI1 andvI2 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 foif entropy
cofling of symbol iX,@nd let vTj and vTk be the two nearest tables (in terms of similarity). For each value of symbol iX,
a rpetric deltaDisc gstimating the relative advantage of coding this value using table vTj or table vTk instead of fable vTi
is precomputed.and stored in tables vTi.DeltaTableIndex and vTi.Delta2TableIndex. This deltaDisc is positiye if this
symbol is mefte, efficiently coded by the new table instead of the current table. This deltaDisc is negative if this symbol is
legs 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 npw table

anfl 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 AdaptVLCTablel() (subclause 8.8.4.4) and the
AdaptVLCTable2( ) (subclause 8.8.4.5) pseudocode functions specify how these discriminants are compared to
predefined threshold, and decide whether to continue to use the current table or to transition to one of the nearest table. If

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

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

8.8.2

Adaptive VLC deltaDisc tables

When a syntax element is parsed using a VLC having a code table that can be adaptively selected, the associated
AdaptiveVLC data structure's member variables DiscrimVall and DiscrimVal2 are modified by adding an amount

deltaDi
currentl

discrimipants) which discriminant is being modified.

Based op these factors, the appropriate values of deltaDisc are specified by collecting them in tables. For)each syn

element

tables. A syntax element which is parsed using adaptive VLC tables will have N code tables for eachysyntax element,

some p

deltaDisc table for switching between code tables i and i + 1, for i ranging between 0 apnd N'— 2 inclusive). 1
Adaptivi
Discrim

The synfax element itself takes values between 0 and M — 1, where M represents the number of entries in this syn

element

syntax dlement takes the value iVal, the modification of an AdaptiveVLC data structures discriminants is specified

follows

= §

Table 86, Table 87, Table 88, Table 89, Table 90, and Table 91 gpecify the set of deltaDisc code tables for adaptive V
syntax efements.

For the

Code Tgbles 0 and 1, as specified in Table 86.

»n

being used to parse this syntax element, the current value of this syntax element, and (when there aret

a distinct collection of tables of deltaDisc values are defined; in the sequel these tables will be(called deltaD
sitive integer N > 1. If there are N code tables for a syntax element, there are N — l'deltaDisc tables (

bVLC data structure associates to DiscrimVall the associated variable DeltaTablelidex (Delta2TableIndex
Val2); DeltaTableIndex defines which of the N — 1 deltaDisc tables is in use for the, eutrent macroblock.

s code table. For each of these values, there is defined an associated deltaDisc value. In this way, when

here, sAdaptVLC is a local variable used in place of particular AdaptiveVLC data structure instance):
[:daptVLC.DiscrimVall is incremented by deltaDisc[sAdaptVLCiDeltaTablelndex][iVal].
daptVLC.DiscrimVal2 is incremented by deltaDisc[sAdaptVIL.C.Delta2TableIndex][iVal].

syntax element ABS LEVEL INDEX (subclause8:7.14.5), there is one deltaDisc table for switching betwq

Table 86 —.Constant table AbslevellndexDelta|m][n]

ble
WO

ax
isc
for
ne
he
for

ax
he
as

Index value Value for
n m=0
0 1
1 0
2 -1
3 -1
4 -1
5 -1
9 !

For the syntax element FIRST INDEX (subclause 8.7.18.9.7), there are four Delta tables, with the table associating a
different deltaDisc value for each DeltaTablelndex and each value of FIRST INDEX; the deltaDisc values are specified
in Table 87.

86
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Table 87 — Constant table FirstindexDelta[m][n]

Fol

Fol
Taj

Index value Value for Value for Value for Value for
n m=0 m=1 m=2 m=3
0 1 2 -1 0
1 1 2 1 1
2 1 -1 0 0
3 1 -1 2 1
4 1 -1 0 -2
5 0 0 0 0
6 0 -2 0 -1
7 -1 -1 0 -1
8 2 0 -2 52
9 1 0 0 -1
10 0 -2 1 -2
11 0 -1 1 -2

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

I the syntax element INDEX A (subclause 8.7.18.9.4), there are three Delta tables, as specified by Table 88.

Index value Value for Value for Value for

n m =0 m=1 m=2
-1 -2 -1

1 1 0 -1

2 1 0 0

3 1 2 1

4 0 0 -2

5 1 0 0

I the syntax elemert-NUM_CBPHP (subclause 8.7.17.4.1), there is one deltaDisc table for switching betwe|
bles 0 and 1 as specified in Table 89.

Table 89 — Constant table NumCBPHPDelta|m][n]

en Code
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Index value Value for
n m=0
¢ ©
1 -1
2 0
3 1
4 1
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For the syntax element NUM_BLKCBPHP (subclause 8.7.17.4.2), there is one deltaDisc table for switching between
Code Tables 0 and 1. In the case where the INTERNAL CLR _FMT is YONLY, NCOMPONENT, or YUVK, the code
tables have five symbols and the deltaDisc table is specified by Table 90.

Table 90 — Constant table NumBIkKCBPHPDelta[m][n]
when INTERNAL _CLR_FMT is
YONLY, NCOMPONENT, or YUVK

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

For all jother values of INTERNAL CLR FMT, the code table for NUM_BLKCBPHR ‘has nine symbols, and the
deltaDisc table is specified by Table 91.

Table 91 — Constant table NumBIKCBPHPDelta
for INTERNAL_CLR_FMT other than
YONLY, NCOMPONENT, and YUVK

Index value Value for
n m =0
0 2
1 2
2 1
3 1
4 -1
5 -2
6 -2
7 -2
8 -3

8.8.3 Initialization

The relgvant adaptive VLC data structures that are associated with each of the three bands DC, LP and HP are initialifed
by the functions InitializeDCVLC( ), InitializeLPVLC(), and InitializeHPVLC( ). These functions are specified in
subclauses 8.8.3.1, 8.8.3.2, and 8.8.3.3, respectively. The adaptive VLC structure associated with CBPHP is initialized by
the function InitializeCBPHPVLC( ) that is specified in subclause 8.8.3.4.

These functions in turn make use of the functions InitializeVLCTablel( ) and InitializeVLCTable2( ) which are specified
in subclauses 8.8.3.5 and 8.8.3.6, respectively.

NOTE - InitializeVLCTablel( ) is used for initializing VLC code tables when there are exactly two code tables. If there are more
than two code table tables, InitializeVLCTable2( ) is used.
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8.8.3.1 InitializeDCVLC()

Table 92 — Pseudocode for function InitializeDCVLC()

InitializeDCVLC() { Reference
AbsLevellndDCLum = InitializeVLCTable1(AbsLevellndDCLum) 8.8.3.5
AbsLevellndDCChr = InitializeVLCTable1(AbsLevellndDCChr) 8.8.3.5

i

8.8.3.2 [InitializeLPVLC()

Table 93 — Pseudocode for function Initialize LPVLC()

Initialize LPVLC() { Reference
DecFirstindLPLum = InitializeVLCTable2(DecFirstindLPLum) 8.8.3.6
DecIndLPLum( = InitializeVLCTable2(DecIndLPLum0) 8.83:\6
DecIndLPLum1 = InitializeVLCTable2(DecIndLPLum1) 8:8.3'6
DecFirstIndLPChr = InitializeVLCTable2(DecFirstindLPChr) 8.8.3.6
DecIndLPChr0 = InitializeVLCTable2(DecIndLPChr0) 8.8.3.6
DecIndLPChrl = InitializeVLCTable2(DecIndLPChr1) 8.8.3.6
AbsLevellndLP0 = InitializeVLCTable1(AbsLevellndLP0) 8.8.3.5
AbsLevellndLP1 = InitializeVLCTable1(AbsLevellndLP1) 8.8.3.5

I

8.8.3.3 InitializeHPVLC()

Table 94 — Pseudocode for function InitializeHPVLC()

InitializeHPVLC( ) { Reference
DecFirstindHPLum = InitializeVL.GTable2(DecFirstind HPLum) 8.8.3.6
DecIndHPLum0 = InitializeVLCTable2(DecIndHPLum0) 8.8.3.6
DecIndHPLuml1 = Initialize VI{CTable2(DecIndHPLum1) 8.8.3.6
DecFirstindHPChr = InitializeVLCTable2(DecFirstindHPChr) 8.8.3.6
DecIndHPChr( = InitializeVLCTable2(DecIndHPChr0) 8.8.3.6
DecIndHPChr1 = InitializeVLCTable2(DecIndHPChr1) 8.8.3.6
AbsLevellndHPQ, = InitializeVLCTable1(AbsLevellndHP0) 8.8.3.5
AbsLevellndHP1-= InitializeVLCTable1(AbsLevellndHP1) 8.8.3.5

}

8.8.3.4 InitializeCBPHPVLC()

Table 95 — Pseudocode for function InitializeCBPHPVLC()

InitializecCBPHPVLC( ) { Reference
DecNumCBPHP = InitializeVLCTablel(DecNumCBPHP) 8.8.3.5
DecNumBIkCBPHP = InitializeVLCTablel(DecNumBIKCBPHP) 8.8.3.5

H

8.8.3.5 InitializeVLCTablel()

Table 96 — Pseudocode for function InitializeVLCTablel()

InitializeVLCTablel(sAdaptVLC) { Reference
/* sAdaptVLC is an instance of the AdaptiveVLC data structure */
sAdaptVLC.Tablelndex = 0
sAdaptVLC.DeltaTableIndex = 0
sAdaptVLC.DiscrimVall =0
return sAdaptVLC
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8.8.3.6 InitializeVLCTable2()

Table 97 — Pseudocode for function InitializeVLCTable2()

InitializeVLCTable2(sAdaptVLC) { Reference
/* sAdaptVLC is an instance of the AdaptiveVLC data structure */
sAdaptVLC.TableIndex = 1
sAdaptVLC.DeltaTablelndex = 0
sAdaptVLC.Delta2TableIndex = 1
sAdaptVLC.DiscrimVall =0
sAdaptVLC DiscrimVal2 =0
return sAdaptVLC

8.8.4 | Update of adaptive VLC code table selection

The relevant adaptive VLC data structures that are associated with each of the three bands DC, LP and HP are updated|by
the fundtions AdaptDC( ), AdaptLP( ), and AdaptHP(), respectively. The pseudocode for the functions AdaptD({ ),
AdaptLIP( ), and AdaptHP( ) are specified in subclause 8.8.4.1, subclause 8.8.4.2, and subclause 8.8.4.3, respectively:

The furjctions AdaptLP() and AdaptHP() perform the updates by using the fiinctions AdaptVLCTablel() gnd
AdaptVLCTable2( ) which are specified in subclauses 8.8.4.4 and 8.8.4.5.

8.8.4.1| AdaptDC()

Table 98 — Pseudocode for function'AdaptDC()

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

}

8.8.4.2| AdaptLP()

Table 99 — Pseudocode for function AdaptLP()

AdaptLP() { Reference
DecFirstlnd:PLum = AdaptVLCTable2(DecFirstindLPLum, 4) 8.8.4.5
DecIndLPEum0 = AdaptVLCTable2(DecIndLPLum0, 3) 8.8.4.5
DecIndEPLuml1 = AdaptVLCTable2(DecIndLPLuml, 3) 8.8.4.5
DéecFirstindLPChr = AdaptVLCTable2(DecFirstindLPChr, 4) 8.8.4.5
DécIndLPChr0 = AdaptVLCTable2(DecIndLPChr0, 3) 8.8.4.5
DecIndLPChrl = AdaptVLCTable2(DecIndLPChr1, 3) 8.8.4.5
AbsLevellndLP0 = AdaptVLCTablel(AbsLevellndLP0) 8.8.4.4
AbsLevellndLLP1 = AdaptVLCTablel(AbsLevellndLP1) 8.8.4.4

!

90 © ISO/IEC 2012 — All rights reserved


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

ISO/IEC 29199-2:2012(E)

8.8.4.3 AdaptHP()

Table 100 — Pseudocode for function AdaptHP()

8.4

Ad
Taj
VI

AdaptHP() { Reference
DecFirstindHPLum = AdaptVLCTable2(DecFirstindHPLum, 4) 8.8.4.5
DecIndHPLum0 = AdaptVLCTable2(DecIndHPLum0, 3) 8.8.4.5
DecIndHPLuml = AdaptVLCTable2(DecIndHPLuml, 3) 8.8.4.5
DecFirstindHPChr = AdaptVLCTable2(DecFirstindHPChr, 4) 8.8.4.5
DecIndHPChr0 = AdaptVLCTable2(DecIndHPChr0, 3) 8.8.4.5
DeclndHPChrl = AdaptVLCTable2(DecIndHPChrl, 3) 3.8.4.5
AbsLevellndHP0 = AdaptVLCTablel(AbsLevellndHP0) 8.8.4.4
AbsLevellndHP1 = AdaptVLCTablel(AbsLevellndHP1) 8.8.4.4
DecNumCBPHP = AdaptVLCTablel (DecNumCBPHP) 8.8.4.4
DecNumBIKCBPHP = AdaptVLCTablel(DecNumBIkCBPHP) 8.8.4.4

}

8.4.4 AdaptVLCTablel()

aptVLCTablel( )is used for choosing VLC code tables when there are exactly two'code tables. In this case, t
bleIndex takes only the values 0 or 1, and there is only one parameter (DiscritnVall) which determines the sel
C code tables. DeltaTableIndex takes only the value 0, and there is only the\one deltaDisc table.

Table 101 — Pseudocode for function AdaptVLCTablel()

he index
bction of

AdaptVLCTablel(sAdaptVLC) {

Reference

/* sAdaptVLC is an instance of the AdaptiveVLC datastructure */

iMaxTablelndex = 1 /* Only two code tables */

cLowerBound = —8

cUpper

Bound = 8

/* sAdaptVLC.DeltaTableIndex = 0, since\only 2 code tables */

if (sAdaptVLC.DiscrimVall < cLowerBound &&
sAdaptVLC.TableIndex !=0) {

sAdaptVLC.TableIndex— —

sAdaptVLC.DiscrimVal}=0

} else if (sAdaptVLC.DiscrimVall > cUpperBound &&
sAdaptVLC.Tablelndex != iMaxTablelndex ) {

sAdaptVLC.Tablelndex++

sAdaptVLC.DiserimVall = 0

} else {

/* no change-to table, but clip the discriminant */

if (sAdaptVLC.DiscrimVall <—64)

sAdaptVLC.DiscrimVall = —64

if (sAdaptVLC.DiscrimVall > 64)

sAdaptVLC.DiscrimVall = 64

¥

return sAdaptVLC

8.8.4.5 AdaptVLCTable2()

AdaptVLCTable2( ) is used for choosing VLC code tables when there are more than two possible code tables. In this
case, the index Tablelndex can take values between 0 and the maximum table index for that set of VLC Code tables. This
maximum table index is contained in the parameter iMaxTableIndex. For AdaptVLCTable2( ), there are two parameters
(DiscrimVall and DiscrimVal2) which determines the selection of VLC code tables. DiscrimVall determines whether
the code table index should be decreased, while DiscrimVal2 determines whether the code table index should be
increased.
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Table 102 — Pseudocode for function AdaptVLCTable2()

AdaptVLCTable2(sAdaptVLC, iMaxTableIndex) {

Reference

/* sAdaptVLC is an instance of the AdaptiveVLC struct */

/* iMaxTablelndex — max table index possible for this struct instance */

bChange = FALSE

iDiscrimLow = sAdaptVLC.DiscrimVall

iDiscrimHigh = sAdaptVLC.DiscrimVal2

cLowerBound = —8

cUpperBound = 8

i (iDiscrimtow<tEowerBoumdt&& sAdapt VEC: Tabichmdex =0~

sAdaptVLC.TableIndex— —

bChange = TRUE

} else if (iDiscrimHigh > cUpperBound &&
sAdaptVLC.TableIndex != iMaxTablelndex ) {

sAdaptVLC.TableIndex++

bChange = TRUE

;

if (bChange) {

sAdaptVLC.DiscrimVall =0

sAdaptVLC.DiscrimVal2 =0

if (sAdaptVLC.Tablelndex = = iMaxTableIndex) {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.Tablelndex — 1

sAdaptVLC.Delta2TableIndex = sAdaptVLC.Tablelndex — 1

} else if (sAdaptVLC.Tablelndex == 0) {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.Tablelndex

sAdaptVLC.Delta2TableIndex = sAdaptVLC.Tablelndex

} else {

sAdaptVLC.DeltaTableIndex = sAdaptVLC.Tablelndex =1

sAdaptVLC.Delta2TableIndex = sAdaptVLC.Tablelndex

;

} else { /* no change to table, but clip the discriminant */

if (sAdaptVLC.DiscrimVall <—64)

sAdaptVLC.DiscrimVall = —64

if (sAdaptVLC.DiscrimVall > 64)

sAdaptVLC DiscrimVall = 64

if (sAdaptVLC.DiscrimVal2 < —64)

sAdaptVLC.DiscrimVal2 = =64

if (sAdaptVLC.DiscrimVal2:2\64)

sAdaptVLC DiscrimVal2 = 64

}

return sAdaptVLC

8.9
8.9.1

The par

specifie

8.9.2

Adaptationof CBPLP state variables

General

bing“off CBPLP depends on the value of the variables CountZeroCBPLP and CountMaxCBPLP. The functi
| ithis subclause specify the initialization and updating of these constants.

InitializeCountCBPLP()

ns

The variable CountZeroCBPLP and CountMaxCBPLP for LP coefficients are initialized by the function
InitializeCountCBPLP( ) specified in Table 103.

92

Table 103 — Pseudocode for function InitializeCountCBPLP( )

InitializeCountCBPLP() {

Reference

CountZeroCBPLP = 1

CountMaxCBPLP =1
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8.9.3 UpdateCountCBPLP()

The function UpdateCountCBPLP( ) updates the variables CountZeroCBPLP and CountMaxCBPLP. The pseudocode for
this function is specified in Table 104.

ISO/IEC 29199-2:2012(E)

Table 104 — Pseudocode for function UpdateCountCBPLP()

UpdateCountCBPLP(iCBPLP, iMax) {

Reference

CountZeroCBPLP += 1 — (4 * iCBPLP == ())

CountZeroCBPLP = Max(—8, Min(7,CountZeroCBPLP))

yal Aot RPLD 1 (A LonDID W PN
cotntvIaxToT ot T T T UCDT o TIVIaXT))

CountMaxCBPLP = Max(—8, Min(7,CountMaxCBPLP))

8.10 Adaptive CBPHP prediction

CBPHP prediction depends on the value of member variables of the data structure instance CBPHPModel

funictions specified in this subclause specify the initialization and updating of this data strueture.

8.10.1 InitializeCBPHPModel()

THhe data structure instance CBPHPModelHP is initialized in the function® InitializeCBPHPModel( ) spe

Table 105.

Table 105 — Pseudocode for function InitializeCBPHPModel( )

InitializecCBPHPModel( ) {

Reference

CBPHPModelHP.CBPHPState[0] = CBPHPModelHP.CBPHPState[1] =0

CBPHPModelHP.CountOnes[0] = CBPHPModelHP.CountOnes[1] = —4

CBPHPModelHP.CountZeroes[0] = CBPHPModelHP.CountZeroes[1] =4

8.10.2 UpdateCBPHPModel()

The variables associated with the  data structure instance CBPHPModelHP are updated by the

UpdateCBPHPModel( ) as specifigd-in Table 106.

Table 106 — Pseudocode for function UpdateCBPHPModel( )

UpdateCBPHPModel(i, iNOrig) {

Reference

iNDiff =3

CBPHPModelHP.CountOnes[i] += iNOrig — iNDiff

EBPHPModelHP.CountOnes[i] = Clip(CBPHPModelHP.CountOnes[i], —16,15)

CBPHPModelHP.CountZeroes[i] += 16 — iNOrig — iNDiff

CBPHPModelHP.CountZeroes[i] = Clip(CBPHPModelHP.CountZeroes[i], —16, 15)

if (CBPHPModelHP.CountOnes|i] < 0)

if (CBPHPModelHP.CountOnes[i] < CBPHPModelHP.CountZeroes[i])

HP. The

ified in

function

CBPHPModelHP.CBPHPState[1] = 1

else

CBPHPModelHP.CBPHPState[i] =2

else if (CBPHPModelHP.CountZeroes[i] <0)

CBPHPModelHP.CBPHPState[i] =2

else

CBPHPModelHP.CBPHPState[i] = 0
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8.11

Adaptive inverse scanning

The parsing of syntax elements corresponding to LP and HP coefficients depends on the state of the inverse scanning
tables LowpassScanOrder[i], HighpassHorScanOrder[i], and HighpassVerScanOrder[i]. The functions specified in this
subclause define the initialization and updating of these tables.

8.11.1

Adaptive inverse scanning tables

The inverse scanning order of transform coefficients is a permutation of the integers 1 to 15. Let the integer i represent
the order in which a given transform coefficient is parsed from the codestream, and let the local example list

listScanQOrder|

j-th posi

The thr
inverse
coeffici
below.

zero tra

The thy
specifie
ScanOrg

Each of]
list that
and Hig
specifie

The thrd
in subcl

8.11.2
The ad{

an_inverse scanning order as follows: the i-th transform coefficient is put into the block in
ion in raster scan order, where j is equal to listScanOrder([i].

e lists LowpassScanOrder| ], HighpassHorScanOrder[ ], and HighpassVerScanOrder][ ], are used to specify
canning order of LP coefficients, HP coefficients in the case of prediction from the left (subclause-9.6); and
nts in the case of prediction from the top, respectively. These lists are initialized to scan orders 'das specif]
owever, the lists are adaptive, and thus may change over the course of parsing, based on th&statistics of n
sform coefficients in the codestream.

ce lists LowpassScanOrder[ ], HighpassHorScanOrder[ |, and HighpassVerScanOrder[ | are initialized
| in subclauses 8.11.2 and 8.11.3. The initial orders are specified by the two lists ScanOrder0[ ] 4
erl[ ], which are specified by Table 107.

Table 107 — Definitions of ScanOrder0 and ScanQrdeérl

i 1 2 3 4 5 6 7 8 9~J<10 | 11 | 12 | 13 | 14 | 15

ScanOrder0[i] 4 1 5 8 2 9 6 | 12 |3 |10 | 13| 7 | 14| 11| 15

ScanOrderl1[i] 1 2 5 4 3 6 9 8 7 112151310 11| 14

the lists LowpassScanOrder|[ ], HighpassHorScanOrder[ | and HighpassVerScanOrder[ ] also has an associa
Hetermines how the scan order is updated. These cortésponding lists are LowpassTotals[ ], HighpassHorTotals|
hpassVerTotals[ ], respectively. These associated lists are initialized to be equal to the list ScanTotals[ ], whic}
| by Table 108.

Table 108 — Definition of ScanTotals

i 1 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 1210 8 6 4

e lists LowpassScanOrder| ], HighpassHorScanOrder| ], and HighpassVerScanOrder[ | are updated as specif]
huse 8.11.

InitializeAdaptiveScanLP()

pfive ‘inverse scanning tables for LP coefficients are initialized in the function InitializeAdaptiveScanL}

he

he
HP
ed
n_

as
nd

ed
[]!

is

specifie

Hm Tabte109-

Table 109 — Pseudocode for function InitializeAdaptiveScanLP()

InitializeAdaptiveScanLP() { Reference
for (i=1;i<=15;i++) {
LowpassScanOrder[i] = ScanOrder0[i] ScanOrder0[i] specified in subclause 8.11.1
LowpassTotals[i] = ScanTotals[i] ScanTotals[i] specified in subclause 8.11.1
}
}
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8.11.3 [InitializeAdaptiveScanHP()

ISO/IEC 29199-2:2012(E)

The adaptive inverse scanning tables for HP coefficients are initialized in the function InitializeAdaptiveScanHP( )

specified in Table 110.

Table 110 — Pseudocode for function InitializeAdaptiveScanHP()

InitializeAdaptiveScanHP( ) {

Reference

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

HighpassHorScanOrder[i] = ScanOrder0[i]

ScanOrder0[i] specified in subclause 8.11.1

HighpassVerScanOrder[i] = ScanOrderl[i]

ScanOrder1[i] specified in subclause 8.11.1

HighpassHorTotals[i] = ScanTotals[i]

HighpassVerTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 81
ScanTotals[i] specified in subclaus¢8.11.1

8.11.4 ResetTotalsAdaptiveScanLP()

The list LowpassTotals of the adaptive inverse scanning tables for LP ,ceefficients is reset in the

RasetTotalsAdaptiveScanLP( ) specified in Table 111.

Table 111 — Pseudocode for function ResetTotalsAdaptiveScanLP()

ResetTotalsAdaptiveScanLP() {

Reference

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

LowpassTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

8.11.5 ResetTotalsAdaptiveScanHP()

The lists HighpassHorTotals and HighpassVerTotals of the adaptive inverse scanning tables for HP coefficients

in the function ResetTotalsAdaptiveScanHP() specified in Table 112.

Table112— Pseudocode for function ResetTotalsAdaptiveScanHP( )

ResetTotalsAdaptiveScanHP() {

Reference

for (=11 <= 15; i++) {

HighpassHorTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

HighpassVerTotals[i] = ScanTotals[i]

ScanTotals[i] specified in subclause 8.11.1

function

are reset

8. H-6—AdaptivelPSean()

The function AdaptiveLPScan( ) updates the list LPInput[k], and also updates the variables associated with tracking and
modifying the LP scan order LowpassScanOrder[i] as specified in Table 113.
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Table 113 — Pseudocode for function AdaptiveLPScan()

AdaptiveLPScan(n, i, iValue) {

Reference

k = LowpassScanOrder][i]

LPInput[n][k] = iValue

LowpassTotals[i]++

if (1> 1) && (LowpassTotals[i] > LowpassTotals[i—1])) {

valueTemp = LowpassTotals[i]

LowpassTotals[i] = LowpassTotals[i—1]

LowpassTotals[i—1] = valueTemp

8.11.7

The fun
associat
specifie

vatreTemp—towpassScanOrderti

LowpassScanOrder[i] = LowpassScanOrder[i—1]

LowpassScanOrder[i—1] = valueTemp

AdaptiveHPScan()

btion AdaptiveHPScan( ) updates the list HPInputVLC[iComponent][iBlock][k], and also updates the variablles
bd with tracking and modifying the HP scan orders HighpassHorScanOrder[i] and\HighpassVerScanOrder[i]| as

| in Table 114.

Table 114 — Pseudocode for function AdaptiveHPScan()

AdaptiveHPScan(iComponent, iBlock, i, iValue) {

Reference

if (MBHPMode == 1) { /* vertical scan order */

k = HighpassVerScanOrderfi]

HighpassVerTotals[i]++

HPInputVLC[iComponent][iBlock][k] = iValue

if(i>1)&&
(HighpassVerTotals[i] > HighpassVerTotals[i—1])) {

valueTemp = HighpassVerTotals[i]

HighpassVerTotals[i] = HighpassVétTFotals[i—1]

HighpassVerTotals[i—1] = valueTemp

valueTemp = HighpassVerSeanOrder]i]

HighpassVerScanOrder|[i] =-HighpassVerScanOrder[i—1]

HighpassVerScanOrdetfi—1] = valueTemp

}

} else { /* horizontal scan Qrder */

k = HighpassHorSeanOrder[i]

HighpassHorTotals[i]++

HPInputVEC[iComponent][iBlock][k] = iValue

if (1> 1) &&
(HighpassHorTotals[i] > HighpassHorTotals[i—1])) {

valueTemp = HighpassHorTotals[i]

HighpassHorTotals[i] = HighpassHorTotals[i—1]

HighpassHorTotals[i—1] = valueTemp

valueTemp = HighpassHorScanOrder[i]

96

HighpassHorScanOrder[i] = HighpassHorScanOrder[i—1]

HighpassHorScanOrder[i—1] = valueTemp
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The variable MBHPMode is computed during the HP prediction direction computation process specified in
subclause 9.6.3.2. The scan order is selected based on the value of the variable MBHPMode. AdaptiveHPScan( ) shall
only be invoked on a macroblock after the HP prediction direction computation process specified in subclause 9.6.3.2 has
been invoked and completed for this macroblock. The HP prediction direction process shall be invoked only after the

completion of the LP transform coefficient parsing process.
NOTE - See subclause 9.6 for more information.

8.12 Adaptive coefficient normalization

8.12-1—InitializeMeodelMBO

THe initialization of the Model data structure is specified by the function InitializeModelMB( ) as specified.inT4]

Table 115 — Pseudocode for function InitializeModelIMB( )

ble 115.

InitializeModelMB(Model, iBand) {

Reference

/* iBand is the frequency band (DC =0, LP =1, HP =2) */

Model. MState[0] = Model.MState[1] =0

Model MBits[0] = Model. MBits[1] = (2 — iBand) * 4

© ISO/IEC 2012 — All rights reserved
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8.12.2 UpdateModelMB()
The adaptation of the Model data structure is specified by the function UpdateModelMB( ) as specified in Table 116.

98

Table 116 — Pseudocode for function UpdateModelMB( )

UpdateModelMB(iLapMean| |, Model, iBand) {

Reference

/* INTERNAL CLR FMT is the color format of the image */

/* iBand is the frequency band (DC =0, LP =1, HP =2) */

iModelWeight = 70

VOIS TAT e i NN S ¥, FAWLE I AYAL 12 kL Dk 1)
TYV-CTEtoToT =T 2 =g ST g2 DR

iWeight1[3][MAX COMPONENTS] = {

{0, 240, 120, 80, 60, 48, 40,34, 30, 27, 24, 22, 20, 18, 17, 16},

{0,12,6,4,3,2,2,2,2,1,1,1, 1, 1, 1, 1},

{0,16,8,5,4,3,3,2,2,2,2,1,1,1,1, 1}

}

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

iLapMean[0] *= iWeightO[iBand]

if INTERNAL CLR_FMT ==YUV420)

iLapMean[1] *= iWeight2[iBand]

else if INTERNAL CLR FMT ==YUV422)

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

else {

iLapMean[1] *=iWeightl[iBand][NumComponents — 1]

if (iBand = = 2)

iLapMean[1] >>=4

;

iNumModels =2

if INTERNAL CLR_FMT == YONLY)

iNumModels = 1

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

iMS = Model.MState[j]

iDelta = ((iLapMean[j] — iModelWeight) >> 2)

if (iDelta <= —8) {

iDelta +=4

if (iDelta < —16)

iDelta=—16

iMS += iDelta

if (iIMS < —8)

if (Model MBits[j]= = 0)

iMS =—8

else {

iMS=0

Model. MBits[j]— —

}

} else-if'(iDelta >= 8) {

iDelta—=4

if (iDelta > 15)

iDelta = 15

iMS += iDelta

WA W fal Q
TT(TIVES™>6)

if (Model MBits[j] >= 15) {

Model MBits[j] = 15

iMS =8

} else {

iMS=0

Model. MBits[j]++

;

;

Model. MState[j] = iMS
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9 Decoding process

9.1 General

This clause specifies the decoding process. The decoding process is interdependent with the initialization of variables and
parsing of syntax elements as specified in Clause 8.

The decoding process specified in this clause is distinguished from the codestream parsing process in the following
manner: the codestream parsing process manages all control flow regarding the correct parsing of codestream syntax
elements. This includes maintaining state variables for adaptive VLC selection, adaptive coefficient normalization, and
otlfer related informafion. The processes in this clause thercfore are written with the assumption that, when [they are
inyoked, the input variables required for this process have been correctly parsed from the codestream.

THe decoding process is specified so that the decoded samples from any two JPEG XR decoders will bé nurherically
id¢ntical. Any decoder which produces results that match the process specified here conforms to the requirements of this
Spgcification.

The image decoding process proceeds as specified in subclause 9.2.

9.2 Image decoding
THhe outputs of this process are the output samples of the image.

The image decoding process proceeds as in Table 117.
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Table 117 — Pseudocode for function ImageDecoding( )

ImageDecoding() { Reference
ImagePlaneDecoding( ) 9.3
/* resulting sample values are stored in the variables ImagePlane[i][x][y] */
if (OUTPUT_CLR_FMT ==RGB) &&
((OUTPUT_BITDEPTH ==BDS) | | (OUTPUT_BITDEPTH == BD565) | |
(OUTPUT _BITDEPTH == BD10))) /* Packed RGB */
outputArrays = 1
else if (OUTPUT_CLR_FMT ==RGB) | | (OUTPUT_CLR_FMT ==YUV444) ||
(QUTPUT CLR EMT == VUV422) [[(QUTPUT CLR EMT == VIIV42())
outputArrays = 3
else if (OUTPUT CLR FMT == RGBE)
outputArrays = 4
else
outputArrays = NumComponents
for (i = 0; i < outputArrays; i++) {
if (1> 0) && (OUTPUT_CLR_FMT = = YUV420))
outputHeight = (HEIGHT MINUSI1 +1)/2
else
outputHeight = HEIGHT MINUSI + |
if (OUTPUT_BITDEPTH == BDI1WHITE]) | |
(OUTPUT BITDEPTH == BDI1BLACKI1)) /* Horizonally packed flags\*.
outputWidth = WIDTH_MINUS1 /8 + 1
else if (i > 0) &&
(OUTPUT _CLR_FMT ==YUV422) || (OUTPUT _CLR_FMT== YUV420)))
outputWidth = (WIDTH_MINUS1 +1)/2
else
outputWidth = WIDTH_MINUSI + |
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePrimary[i][x][y] = ImagePlane[i][x][¥]

i
if (ALPHA_IMAGE PLANE FLAG == TRUE)
ImagePlaneDecoding( ) 9.3
/* resulting sample values, corresponding to the alpha image plane,
are stored in the variables ImagePlane[0][x][y] */
for (y =0; y <= HEIGHT MINUS¥ y++)
for (x = 0; x <= WIDTH tMINUS1; x++)
ImageAlpha[0][x][y}= ImagePlane[0][x][y]

NOTE - Throughout the patsing of syntax elements in clause 8, it is assumed that if ALPHA IMAGE PLANE FLAG is equal to
TRUE, there are two setS@fparsed syntax elements: one set corresponding to the primary image plane, and one set correspondjing
to th¢ alpha image planeIn the same manner, this subclause assumes that there are two sets of global variables being used in [the
decodling process, corresponding to the primary and alpha image planes, respectively.

9.3 Image plane decoding

This process is invoked for each image plane.
The outputs of this process are the decoded samples for this image plane, ImagePlane[i][x][y].

The image plane decoding process proceeds as specified in Table 118.
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Table 118 — Pseudocode for function ImagePlaneDecoding( )

ImagePlaneDecoding() { Reference
ImagePlaneDCQP() 9.7.1.1
ImagePlaneLPQP( ) 9.7.2.1
ImagePlaneHPQP( ) 9.7.3.1

for (TileIndexy = 0; TileIndexy < NumTileRows; TileIndexy++)

for (TileIndexx = 0; TileIndexx < NumTileCols; TileIndexx++)

TileTransformCoefficientProcessing( ) 9.4.1
/* At this point, transform coefficients for the entire image plane have
L. Lt Jdk
SampleReconstruction( ) 9.9.1

/* This process performs both levels of the inverse transform and overlap
operations on the entire image */

OutputFormatting( ) 9.10.2

9.4 Tile transform coefficient processing

94.1 Overview

THhis process is invoked for each tile. The inputs to this process are the horizontal ‘and vertical indices of the currept tile.

THe outputs of this process are transform coefficients for each macroblockdn the tile.

The transform coefficient processing proceeds as specified in Table 1MO.

Table 119 — Pseudocode for function TileTransformCoefficientProcessing( )

TileTransformCoefficientProcessing() { Refefence
TileLevelDCQP() 9.7.1p
TileLevelLPQP() 9.7.2p
TileLevelHPQP( ) 9.7.3p
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]fMBy] = HP QP INDEX]n]

DCTransformCoefficientDecoding( ) 9.4.2
LPTransformCoeffieientDecoding( ) 9.4.3
HPTransformCogfficientDecoding( ) 9.4.4
n+=1

NOTE =The computation of the global variable MBHPMode is dependent upon the completion of the LP transform c
decoding process. MBHPMode is computed at the beginning of the HP coefficient decoding process.

befficient

9.4.2 DC transform coefficient decoding
The outputs of this process are DC transform coefficients for each color component of the current macroblock.

The DC transform coefficient processing proceeds as specified in Table 120.
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9.4.3

Table 120 — Pseudocode for function DCTransformCoefficientDecoding( )

DCTransformCoefficientDecoding( ) {

Reference

DCMBCoefficientRemap( ) 9.5.1
DCPredictionGeneral( ) 9.6.1.1
DequantizeDCCoefficients( ) 9.8.1

Low-pass transform coefficient decoding

The ou'ql’uts of this process are LP transform coefficients for each color component of the current macroblock.

The LP

9.4.4

Input to

The outputs of this process are HP transform coefficients for each color ¢emponent of the current macroblock.

The HP

9.5
This sul

9.5.1

Input to
which id

Output

ransform coefficient processing proceeds as specified in Table 121.

Table 121 — Pseudocode for function LPTransformCoefficientDecoding( )

LPTransformCoefficientDecoding( ) {

Reference

LPMBCoefficientRemap( ) 9.5.2
LPPredictionGeneral( ) 9.6.2.1
DequantizeLPCoefficients( ) 9.8.2

High-pass transform coefficient decoding

this process is the value of MBHPMode for the current macroblock.

transform coefficient processing proceeds as specified in Table 122.

Table 122 — Pseudocode for function HPTransformCoefficientDecoding( )

HPTransformCoefficientDecoding( ) {

Reference

CalcHPPredMode( ) 9.6.3.2
HPMBCoefficientRemap( ) 9.5.3
DequantizeHPCoefficients( ) 9.8.3
HPCoefficientPrediction( ) 9.6.3.3

Coefficient remapping

DC coefficiént'remapping

entify theseurrent macroblock.

compon

bnt-i’ of the current macroblock

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

this process\is a list DCInput[i] of DC level values for each color component i, and the variables MBx and MBy,

fAhis process is the list of values MbDCLP[MBx][MBYy][i][0], of DC transform coefficients, for each color

NOTE - The values DCInput[i] are the outputs of the MB_DC( ) syntax structure of subclause 8.7.11.
The values in the array MbDCLP[MBx]|[MBy][i][0] are set by Table 123.

102

Table 123 — Pseudocode for function DCMBCoefficientRemap( )

DCMBCoefficientRemap( ) {

Reference

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

MbDCLP[MBx][MBy][i][0] = DCInput[i]
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9.5.2  Low-pass coefficient remapping

Inputs to this process are a list of variables LPInput[i][j] which hold the j-th LP transform coefficient value for each color
component i.

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

The LP coefficient remapping process proceeds as specified by Table 124.

Table 124 — Pseudocode for function LPMBCoefficientRemap()

LPMBCoefficientRemap() { Reference
for (i = 0; i < NumComponents; i++) {
if 1 !=0) && (INTERNAL CLR_FMT ==YUV422) ||
(INTERNAL CLR FMT == YUV420))
if INTERNAL CLR FMT == YUV422)
forG=1j<=7;j+1)
if (BANDS PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j]
else
MbDCLP[MBx][MBy][i][j] =0
else /* INTERNAL CLR FMT ==YUV420 */
forG=1;j<=3;j++)
if (BANDS PRESENT !=DCONLY)
MbDCLP[MBx][MBy][i][j] = LPInput[i][j}
else
MbDCLP[MBx][MBy][i][j] =0

else
for(=1;j<=15;j++)
if (BANDS PRESENT != DCONLY)
MbDCLP[MBx][MBy][i][jl.= CPInput[i][j]
else
MbDCLP[MBx][MByJlil[j] = 0

9.5.3  High-pass macroblock coefficient remapping

THe HP coefficient remapping(process proceeds as in Table 125.

Table 125 — Pseudocode for function HPMBCoefficientRemap( )

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

if (i =0 && INTERNAL CLR FMT ==YUV420)
jMax =3

else if (i = 0 && INTERNAL CLR FMT == YUV422)
jMax =7

Tise
jMax = 15

for (j = 0;j <= jMax; j++)
HPBlockCoefficientRemap(i, j) 9.54
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9.5.4  High-pass block coefficient remapping

Inputs to this process are: the array HPInputVLC[currentComponent][blkIndex][j] for the current color component
currentComponent, and the current block index blkIndex, with j ranging from 1 to 15, the array
HPInputFlex[currentComponent][blkIndex][j] for the current color component currentComponent, and the current block
index blkIndex, with j ranging from 1 to 15, the variable ModelBits[MBx][MBYy], representing the number of flexbits for
the current macroblock, and the variables MBx and MBy, which identify the current macroblock.

Output of this process are the values MBBuffer[ MBx][MBy][currentComponent][k] of HP transform coefficients, with k
ranging from (16 * blkIndex + 1) to (16 * blkIndex + 15), corresponding to the current block. Pseudocode for this process
is in Table 126

Table 126 — Pseudocode for function HPBlockCoefficientRemap( )

HPBlockCoefficientRemap(currentComponent, blkIndex) { Reference
if (currentComponent = = 0)
ilndex =0
else
ilndex =1

forG=1:j<=15;j+4) {
k=16 * blkIndex + j
if (BANDS_PRESENT == ALL | |
BANDS PRESENT == NOFLEXBITS)
MBBuffer[ MBx][MBy][currentComponent][k] =
HPInputVLC[currentComponent][blkIndex][j] <<
ModelBitsMBHP[MBx][MBy][ilndex]

else
MBBuffer[ MBx][MBy][currentComponent][k] = 0
if (BANDS PRESENT == ALL)
MBBuffer[MBx][MBy][currentComponent][k] &
HPInputFlex[currentComponent][blkIndex][j]

9.6 Transform coefficient prediction
9.6.1 | DC coefficient prediction

9.6.1.1| Overview of DC prediction
This sulclause is informative: dt-is-not an integral part of this Specification.

Four mddes are defined for the prediction of the DC coefficient of a macroblock. These modes are:
— Hredict from left

redict from top

B
- Hredictifrom left and top
h

lo-prediction

The prediction mode is determined from the position of the macroblock, as well as the DC values to the left, top and
top-left of the macroblock. Further, if the image has chroma components, the corresponding DC values of the chroma
components are also used.

9.6.1.2 DCPredictionGeneral()

Inputs to this process are the Boolean variables sMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, as well as the
values MbDCLP[MBx][MBy][i][0], for each color component i of the current macroblock. The variable
IsMBLeftEdgeofTileFlag is equal to TRUE when the current macroblock is at the left edge of the tile;
IsMBTopEdgeofTileFlag is equal to TRUE when the current macroblock is at the top edge of the current tile.

NOTE - The values MbDCLP[MBx][MBy][i][0] come from the DC coefficient remapping process of subclause 9.5.1.
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Outputs of this process are the updated values MbDCLP[MBx][MBy][i][0], for each color component i of the current
macroblock.

The DC prediction process proceeds as in Table 127.

Table 127 — Pseudocode for function DCPredictionGeneral( )

DCPredictionGeneral() { Reference
CalcDCPredMode( ) 9.6.1.3
DCCoefficientPrediction( ) 9.6.1.4
1 IpAqfonf‘DwaAi h'nn\lam'oklnn( ) O.A.l S

9.6.1.3

Inputs to this process are the variables IsMBLeftEdgeofTileFlag and IsMBTopEdgeofTileFlag, and thg
Pr¢dDCLP[MBx—1][MBy][i][0], PredDCLP[MBx][MBy—1][i][0], and PredDCLP[MBx#1]fMBy—1][i][0], f

DC prediction direction computation

color component i.

Oytput of this process is the value of MBDCMode. The possible values of MBDCMode are as follows: 0
pr¢diction from the left macroblock, 1 specifies prediction from the top macrobleck,2 specifies prediction from
top and left macroblocks, and 3 specifies no prediction.

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

values
or each

specifies
both the
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Table 128 — Pseudocode for function CalcDCPredMode( )

CalcDCPredMode( ) { Reference

if IsMBLeftEdgeofTileFlag = = TRUE &&
IsMBTopEdgeofTileFlag = = TRUE)
MBDCMode = 3 /* no prediction */

else if (IsMBLeftEdgeofTileFlag = = TRUE &&
IsMBTopEdgeofTileFlag == FALSE)
MBDCMode = 1 /* prediction from top only */

else if (IsMBLeftEdgeofTileFlag == FALSE &&

IcMBTaonEdacofTileElaa ==TRIJE\
I g

MBDCMode = 0 /* prediction from left only */
else /* if (IsMBLeftEdgeofTileFlag == FALSE &&

IsMBTopEdgeofTileFlag == FALSE) */ {

iLeft = PredDCLP[MBx—1][MBy][0][0]

iTop = PredDCLP[MBx][MBy—1][0][0]

iTopLeft = PredDCLP[MBx—1][MBy—1][0][0]

if INTERNAL CLR FMT==Y_ONLY ||
INTERNAL CLR FMT ==NCOMPONENT) {
iStrHor = Abs(iTopLeft — iLeft)
iStrVer = Abs(iTopLeft — iTop)

} else {
iLeftU = PredDCLP[MBx—1][MBy][1][0]
iTopU = PredDCLP[MBx][MBy—1][1][0]
iTopLeftU = PredDCLP[MBx—1][MBy—1][1][0]
iLeftV = PredDCLP[MBx—1][MBy][2][0]
iTopV = PredDCLP[MBx][MBy—1][2][0]
iTopLeftV = PredDCLP[MBx—1][MBy—1][2][0]

iScale =2

if INTERNAL CLR FMT = = YUV420)
iScale = 8

if INTERNAL CLR FMT == YUV422)
iScale =4

iStrHor = Abs(iTopLeft — iLeft) *iScale +
Abs(iTopLeftU — iLeftU) + Abs(iTopLeftV — iLeftV)

iStrVer = Abs(iTopLeft — iTep) ™ iScale +
Abs(iTopLeftU — iTopU) + Abs(iTopLeftV — iTopV)

}

iOrWt =4

if ((iStrHor * iOrWg)<1StrVer)
MBDCMod¢ =l

else if ((iStrVern*10rWt) < iStrHor)
MBDCMgode = 0

else
MBDCMode = 2

The valye®MBDCMode is used in subsequent stages of the DC prediction process.

9.6.1.4 DC coefficient prediction
This process occurs when MBDCMode is not equal to 3.

Inputs to this process are the variable MBDCMode representing the DC prediction direction, and the array variable
MbDCLP[MBx][MBYy][i][0] for each color component i.

Outputs to this process are the updated values MbDCLP[MBx][MBYy][i][0], for each color component i of the current
macroblock.

The DC coefficient prediction process proceeds according to Table 129.

106 © ISO/IEC 2012 — All rights reserved


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

ISO/IEC 29199-2:2012(E)

Table 129 — Pseudocode for function DCCoefficientPrediction( )

DCCoefficientPrediction( ) { Reference
for (i = 0; i <NumComponents; i++) {
iLeft = PredDCLP[MBx—1][MBy][i][0]
iTop = PredDCLP[MBx][MBy—1][i][0]
if (MBDCMode = = 0)
MbDCLP[MBx][MBy][i][0] += iLeft
else if (MBDCMode == 1)
MbDCLP[MBx][MBy][i][0] += iTop
che i tMBBCMode==—2)¢
if (i==0) [| (INTERNAL_CLR_FMT I= YUV420) &&
(INTERNAL CLR FMT |= YUV422))
MbDCLP[MBx][MBy][i][0] += (iTop + iLeft) >> 1
clse /* INTERNAL _CLR_FMT == YUV420 | |
INTERNAL CLR FMT == YUV422)*/
MbDCLP[MBx][MBy][i][0] +=
(iTop +ileft +1)>>1

9.¢.1.5 Update of DC prediction variables

Oytputs of this process are the updated variables PredDCLP[MBx][MBy{[i], for each color component i, where MBx and
MBYy are indexing the current macroblock.

THe update of DC prediction variables process proceeds as shown by Table 130.

Table 130 — Pseudocode for function UpdateDCPredictionVariables( )

UpdateDCPredictionVariables() { Reference
for (i = 0; i < NumComponents; i++)
PredDCLP[MBx][MBy][i][0]*=MbDCLP[MBx][MBy][i][0]

9.¢.2  Low-pass prediction

9.0.2.1 Overview of low-pass’prediction
This subclause is informative! it is not an integral part of this Specification.

Three modes are defined' for the prediction of the LP coefficient of the inner transform of a macroblock. These modes
arg:

— Predictign-from left when MBLPMode is equal to 0
- Prediction from top when MBLPMode is equal to 1
- AN@ prediction when MBLPMode is equal to 2

the quantization parameters of both the current block and the block from which the DC values were predicted.

This rule ensures that prediction of LP coefficients does not take place across macroblocks with different quantization
parameters.

Not all of the LP coefficients associated with a macroblock are predicted. The definition and indices of DC and LP
coefficients that are predicted is shown in Figure 5. The DC coefficient of the blocks shown in dark gray is at position 0,
and the LP coefficients that can be predicted are shown in light gray. For the color format YUV422, the LP coefficient
associated with position 5 is predicted from position 1 in Figure 5. if MBDCMode is equal to 1, irrespective of the value
of MBLPMode, and the LP coefficient associated with position 4 (indicated by crosshatch) can be predicted from both
top and left.
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9.6.2.2| LPPredictionGeneral()

Inputs po this process are the variable MBDCMode for the current mactoblock, as well as the wvalgyes

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

MbDCLP[MBx][MBy][i][j], for each color component i of the current macroblock, and index j referencing the [LP
transforin 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 color component i of the current macroblogk.

The LP prediction process proceeds as in Table 131.

Table 131 — Pseudocode for function LPPredictionGeneral( )

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

9.6.2.3| Low-pass prediction.direction computation
Inputs tq this process are the vafiables MBDCMode and MBQPIndexLP[MBx][MBy].

Output fo this process i§ the value of MBLPMode. The possible values of MBLPMode are as follows: the valu¢ 0
represents prediction from the left macroblock, the value 1 represents prediction from the top macroblock, and the
value 2 fepresents ne prediction.
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Table 132 — Pseudocode for function CalcLPPredMode()

CalcLPPredMode() {

Reference

if (MBDCMode = = 0 &&

MBQPIndexLP[MBx][MBy] = = MBQPIndexLP[MBx—1][MBy])

MBLPMode =0

else if (MBDCMode == 1 &&

MBQPIndexLP[MBx][MBy] = = MBQPIndexLP[MBx][MBy—1])

A AT A 1
VIDLIT IVIOUC = 1T

else

MBLPMode =2

;

9.6.2.4 Low-pass coefficient prediction

Inpputs to this process are: the variable MBLPMode representing the LP prediction direction; the variables N

MBy, which index the current macroblock in the image; and the variables PredDCLP[MBx][MBy][i][j].

Oytputs to this process are the updated values MbDCLP[MBx][MBy][i][j], for each Color component i of thg

mgcroblock, and j an index referencing the LP transform coefficients, indexed in raster scan order.

The LP coefficient prediction process proceeds as in Table 133.

Table 133 — Pseudocode for function LPCoéfficientPrediction()

(Bx and

current

LPCoefficientPrediction( ) {

Reference

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

if (i==0 || (INTERNAL CLR_FMT I= YUV420) &&
(INTERNAL CLR FMT != YUV422))) {

if (MBLPMode == 0) {

MbDCLP[MBx][MBy][i][4] += PredDCLP[MBx—1][MBy][i][4

1
MbDCLP[MBx][MBy][i][8] += 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]
o

[i[1
MbDCLP[MBx][MBy][il[2] += PredDCLP[MBx][MBy-1][i][2]
MbDCLP[MBx][MBy][i][3] += PredDCLP[MBx][MBy—1][i][3]

}

} else if INTERNALLCLR FMT ==YUV420) { /*iis equal to 1 or 2 here */

if (MBLPMode="= 0) /* Prediction from left */

MbDCLP[MBx][MBy][i][2] += PredDCLP[MBx—1][MBy][i][2]

else if (MBLPMode = = 1) /* Prediction from top */

MbDCLP[MBx][MBy][i][1] += PredDCLP[MBx][MBy—1][i][1]

} els€AIfANTERNAL CLR FMT ==YUV422) /*iis equal to | or 2 here */

i (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 */

MbDCLPTMBX][MByI[1][4] = PredDCLP[MBX[IMBy—I[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 color format is YUV422,
MBLPMode is equal to 2 (no prediction), and
MBDCMode is equal to 1 (prediction from the top), the LP
coefficient associated with j=5 is predicted from that for j=1 */
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9.6.2.5

Update of low-pass prediction variables

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

Outputs of this process are the variables PredDCLP[MBx][MBy][i][j], for each color component i, and selected LP
indexes j.

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

Table 134 — Pseudocode for function UpdateLPPredictionVariables( )

9.6.3

9.6.3.1
This sul

There afle two prediction processes mmvolving HP coefficients: the HP prediction direction process, and the HP predict

process.
determi
executed
coefficig

Informa
of HP ¢
the oute]
possible]

UpdateCPPrediction Variables() ] 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] MbDCLP[MBx][MBy][i][3]
PredDCLP[MBx][MBy][i][4] = MbDCLP[MBx][MBy][i][4]

(1] 1MBy][

1IMByI][

— |— |— |—

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

PredDCLP[MBx][MBy][i][6] = MbDCLP[MBx][MBy][i][12]
} else if INTERNAL CLR FMT = = YUV420) {

PredDCLP[MBx][MBy][i][1] = MbDCLP[MBx][MBy][il[1]

PredDCLP[MBx][MBy][i][2] = MbDCLP[MBx][MBy][i][2]
} else if INTERNAL CLR_FMT == YUV422) {

3
4
5
6

[
[
[
[
[

PredDCLP[MBx][MBy][i
PredDCLP[MBx][MBy][i

PredDCLP[MBx][MBy][i][1] = MbDCLP[MBx][MBy][i][1]
PredDCLP[MBx][MBy][i][2] = MbDCLP[MBx][MBy][i}{2]
PredDCLP[MBx][MBy][i][4] = MbDCLP[MBx][MBy][i]{4]
1[i 1l A
1 1 1

]
]
] = MbDCLP[MBx][MBy][1][5]
] = MbDCLP[MBx][MBy][i][6]

High-pass prediction
Overview of high-pass prediction

clause is informative: it is not/an'integral part of this Specification.

The process that computes HP prediction direction also sets the HP direction variable MBHPMode wh
es the initial HP inverse scanning order. Therefore, the process that computes HP prediction direction shall
| before the HP-eoefficient inverse scanning process. The HP prediction process is executed after the
nt remapping Process.

ion in thedLR\transform coefficients is used to compute a simple metric to determine the orientation of predict
efficiefits“associated with each macroblock. Three modes are defined for the prediction of the HP coefficients
I transform. The same mode is used for all blocks within a macroblock for which in-macroblock predictior]
Eor blocks that have no valid reference within the macroblock, null prediction is used. The three modes are:

on
ch
be

on
of

— Prediction from left when MBHPMode is equal to 0
— Prediction from top when MBHPMode is equal to 1
- No prediction when MBHPMode is equal to 2

Prediction from left is shown in Figure 6. Prediction from top is similar, with the pattern of arrows transposed to point
downwards.
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Figure 6 — HP prediction from left

NOTE — In the implementation of a decoder, the only information that\aeeds to be available for future use is 1 DC +
coefficients per macroblock component (fewer for YUV420 / YUV422 chrominance). Therefore, at most for YU
coefficients need to be cached per macroblock. Further, the coefficients used for prediction from left can be discarded
next macroblock is predicted. For YUV444, therefore, it is necessary to only cache 12 coefficients per macroblock for
next row of macroblocks. More state is required on the encoder side: the HP coefficients must be maintained throug
process, as the encoding of HP coefficients is dependent on.the encoding of LP coefficients.

9.¢.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 ima
Oytput of this process is the variable MBHPMode for the current macroblock.

The HP prediction process proceedsqas in Table 135.

6 LP =7
V444, 21
after the
se in the
hout this

oc.
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Table 135 — Pseudocode for function CalcHPPredMode( )

CalcHPPredMode( ) {

Reference

iStrHor = Abs(MbDCLP[MBx]
Abs(MbDCLP[MBx][MBy
Abs(MbDCLP[MBx][MBy

Abs(MbDCLP[MBx][MBy

[

|

iStrVer = Abs(MbDCLP[MBx][MBy]

1
Abs(MbDCLP[MBx][MBy]

if (INTERNAL_CLR_FMT I= YONLY) &&
(NTERNAT _CIR FMT = NCOMPONENT)) {

9.6.3.3

Inputs t

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])

;

}

iOrwWt =4

if (iStrHor * iOrWt <iStrVer)

MBHPMode = 0 /* predict from left */

else if (iStrVer * iOrWt <iStrHor)

MBHPMode = 1 /* predict from top */

else

MBHPMode = 2 /* no prediction */

High-pass prediction

this process are: the variable MBHPMg@de, which indicates the HP prediction direction; the values MBx 4nd

MBYy, which index the current macroblock in(thg'image; and the values MBBuffer]MBx][MBy][i][j], which hold the HP

transfor
are the

The HP

prediction process proceedsias in Table 136.

Table 136 — Pseudocode for function HPCoefficientPrediction( )

n coefficients obtained from the HP‘coefficient remapping process of subclause 9.5.3. The outputs of this procpss
pdated values MBBuffer[ MBx][MBy][i][k] of HP transform coefficients.

H]

PCoefficientPrediction( ) {

Reference

if INTERNALCCLR FMT == YUV420) || INTERNAL CLR FMT == YUV422)

iComponents = 1

else

1Components = NumComponents

for, (1= 0; i <iComponents; i++) {

A AARIIDMada — — 0O (

T CIvIo T Tviote VAR

blkId[ ] = {1,2,3,5,6,7,9,10,11,13,14,15}

for G=0;j<12;j++) {

MBBuffer[MBx][MBy][i][16*bIkId[j] + 4] +=

]
MBBuffer[ MBx][MBy][i][16*(blkId[j] — 1) + 4]
MBBuffer]MBx][MBy][i][16*blkId[j] + 8] +=

MBBufferfMBx][MBy][i][16*(bIKId[j] — 1) + 8]

MBBufferflMBx][MBy][i][16*bIKId[j] + 12] +=
MBBufferf]MBx][MBy][i][16*(bIkId[j] — 1) + 12]

;

} else if (MBHPMode ==1) {

bIkId[ ] = {4.,5.,6,7,8,9,10,11,12,13,14,15}
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HPCoefficientPrediction( ) {
for G=0;j<12;j++) {
MBBuffer[ MBx][MBy][i][16*blkId[j] + 1
MBBuffer[ MBx][MBy][i][16*(blkId[j
MBBuffer[MBx][MBy][i][16*blkId[j] + 2
MBBuffer[ MBx][MBy][i][16*(blkId[j
MBBuffer[MBx][MBy][i][16*bIkId[j] + 3
MBBuffer] MBx][MBy][i][16*(blkId[j

Reference

4=
-4)+1]
4=
—4)+2]
4=
—4)+3]

D e

;
}

2

s
if INTERNAL CLR FMT == YUV420) {
for(i=1;i<=2;it+) {
if (MBHPMode ==0) {
bIkId[ ] = {1,3}
for =0;j<2;jt+) {
MBBufferfMBx][MBy][i][16*bIkId[j] + 4] +=
MBBufferf MBx][MBy][i][16*(blkId[j] — 1) + 4]
MBBufferfMBx][MBy][i][16*blkId[j] + 8] +=
MBBuffer]MBx][MBy][i][16*(bIKId[j] — 1) + 8]
MBBufferfMBx][MBy][i][16*bIkId[j] + 12] +=
MBBufferf MBx][MBy][i][16*(blkId[j] — 1) + 12]

}
} else if (MBHPMode ==1) {
blkId[ ] = {2,3}
for =0;j<2;jt+) {
MBBuffer[MBx][MBy][i][16*bIkId[j] + 1] +=
MBBuffer[MBx][MBy][i][16*(blkId[j] — 2)k 1]
MBBuffer[MBx][MBy][i][16*bIkId[j] + 2] +=
MBBuffer[MBx][MBy][i][16*(blkId[j]+ 2) + 2]
MBBuffer[MBx][MBy][i][16*bIkId[j]*3] +=
MBBuffer[MBx][MBy][i][16*(bikId[j] — 2) + 3]

;
}

H
\else if INTERNAL CLR FMT = = YUV422) ¢
for(i=1;i<=2;it+) {
if (MBHPMode ==0) {
bIkId[ ] = {1,3,5.7}
for (j=0; j <@7y++) {
MBBufferfMBx][MBy][i][16*bIkId[j] + 4] +=
MBBufferfMBx][MBy][i][16*(bIKId[j] — 1) + 4]
MBBfferfMBx][MBy][i][16*blkId[j] + 8] +=
MBBuffer]MBx][MBy][i][16*(bIKId[j] — 1) + 8]
MBBuffer[MBx][MBy][i][16*bIkId[j] + 12] +=
MBBufferf MBx][MBy][i][16*(blkId[j] — 1) + 12]
}

} else if (MBHPMode ==1) {

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

for =0;j<6;j++) {
MBBuffer[MBx][MBy][i][16*bIkId[j] + 1
MBBuffer[MBx][MBy][i][16*(blkId[j
MBBuffer[MBx][MBy][i][16*bIkId[j] + 2
MBBuffer[MBx][MBy][i][16*(blkId[j
MBBuffer[MBx][MBy][i][16*blkId[j] + 3
MBBuffer[MBx][MBy][i][16*(blkId[j

4=
-2)+1]
4=
—-2)+2]
4=
—2)+3]
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9.7 Derivation of quantization parameters
9.7.1  Derivation of DC quantization parameters

9.7.1.1 Image plane level derivation of DC quantization parameters

This process derives the array DCQuantParam[i] of image plane level DC quantization parameters for each color
component i, if these parameters are specified at the image plane level; otherwise, it does nothing, and it is expected that
the tile-level derivation process will derive the array DCQuantParam[i], for each tile in the image plane.

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

Table 137 — Pseudocode for function ImagePlaneDCQP( )

ImagePlaneDCQP() { Reference
if (DC_IMAGE PLANE UNIFORM FLAG ==TRUE)
AssignDCQuantizationParameters( ) 9.7.1.3

NOTE - If DC_ IMAGE _PLANE UNIFORM FLAG is equal to FALSE, the quantization parameters’are specified at tile level.

9.7.1.2| Tile level derivation of DC quantization parameters

If these|parameters are specified at the tile level, this process derives the“array DCQuantParam[i] of tile-level PC
quantization parameters for each color component i. Otherwise, it does nothing and it is assumed that the image plgne
level degivation process already derived the array DCQuantParam[i].

The tileqlevel 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
}

NOTE - If DC_IMAGE_PLANE_UNJIFORM_FLAG is equal to TRUE, quantization parameters were set at the image plane leyel.

9.7.1.3| Assignment of DC quantization parameters

The assignment process-0f DC quantization parameters proceeds as in Table 139.

Table 139 — Pseudocode for function AssignDCQuantizationParameters()

AssionDCQuantizationParameters( ) { Reference
if (COMPONENT MODE == UNIFORM)
forG —0- 3 N eﬁt'S*] sl L)
for-—0<NumCompon Fjet)

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]Ji]
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9.7.2.1 Image plane level derivation of low-pass quantization parameters

This process derives the values LPQuantParam[i][j] of image plane level LP quantization parameters, for each color
component i, and each allowable index j (for image plane level LP quantization parameters, j can only take the value 0).
These values are derived if LP_ IMAGE PLANE UNIFORM FLAG is equal to TRUE, which indicates that these
quantization parameters are specified at the image plane level; otherwise, it does nothing, and it is expected that the tile-
level derivation process will derive the array LPQuantParam[i][j], for each tile in the image plane.

Th

¢ image plane level derivation process of LP gquantization parameters proceeds as in Table 140.

9.]

Th
an

arg
LH

Th

Table 140 — Pseudocode for function ImagePlaneLPQP()

ImagePlaneLPQP() {

Reference

if (LP_IMAGE PLANE UNIFORM FLAG)

AssignLPQuantizationParameters( )

9.72.3

NOTE 1 — When LP_IMAGE_PLANE UNIFORM_FLAG is equal to TRUE, NumLPQPs\is always equal to 1.
NOTE 2 - If LP_IMAGE _PLANE UNIFORM_FLAG is equal to FALSE, quantization'parameters are set at the tile level.

.2.2 Tile level derivation of low-pass quantization parameters

is process derives the values LPQuantParam[i][j] of tile-level LP q@antization parameters, for each color com
l cach allowable index j (ranging from 0 to NumLPQPs—1). These values are derived if these quantization paj

ponent 1,
Fameters

specified at the tile level; otherwise, it does nothing, and the image plane level derivation process derived the array

QuantParam[i][j], used for each tile in the current image plare.

e tile-level derivation process of LP quantization parameters proceeds as in Table 141.

Table 141 — Pseudocode for function TileLevelLPQP()

TileLevel LPQP() {

Reference

if (LP_IMAGE_PLANE_UNIFORM_FLAG != TRUE) &&
(USE DC QP FLAG == TRUE)) {

NumLPQPs =1

for (i = 0; i <=NumComponents—1; i++)

LPQuantParam[i][0] = DCQuantParam[i]

} else if (LP(IMAGE PLANE UNIFORM FLAG != TRUE)

Assignl’PQuantizationParameters( )

9.7.2.3

NOTE — When LP_ IMAGE PLANE_UNIFORM_FLAG is equal to TRUE, nothing is done in this function, because qu

parameters,were set at image plane level.

hintization
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9.7.2.3 Assignment of low-pass quantization parameters

The assignment process of LP quantization parameters proceeds as in Table 142.

Table 142 — Pseudocode for function AssignLPQuantizationParameters( )

AssignL.PQuantizationParameters() { Reference
for (j = 0; j <NumLPQPs; j++) {

if (COMPONENT MODE == UNIFORM)

for (i = 0; i <=NumComponents—1; i++)

LDRO. +D [0
T aaitraram T

1D OLITANTL]
FP—OHANTH
else if (COMPONENT MODE == SEPARATE) {
LPQuantParam[0][j] = LP. QUANT LUMA]Jj]
for (i=1; i <=NumComponents—1; i++)
LPQuantParam[i][j] = LP QUANT CHROMAJj]
} else if (COMPONENT MODE = = INDEPENDENT)
for (i = 0; i <=NumComponents—1; i++)
LPQuantParam[i][j]=LP QUANT CHJi][j]

9.7.3 | Derivation of high-pass quantization parameters

9.7.3.1| Image plane level derivation of high-pass quantization parameters

This prgcess derives the values HPQuantParam[i][j] of image plane leyeh HP quantization parameters, for each color
compongnt i, and each allowable index j. These values are derived ifithese quantization parameters are specified at fhe
image plane level; otherwise, it does nothing, and it is expected that;the tile-level derivation process will derive the arfay
HPQuartParam[i][j], for each tile in the image plane.

The imajge plane level derivation process of HP quantization-parameters proceeds as in Table 143.

Table 143 — Pseudocodé for function ImagePlaneHPQP( )

ImagePlaneHPQP() { Reference
if (HP IMAGE PLANE UNIFORM' FLAG)
AssignHPQuantizationParameters( ) 9.7.3.3
H

NOTE 1 — When HP_ IMAGE_PLANE UNIFORM_FLAG is equal to TRUE, NumHPQPs is always equal to 1.
NOTE 2 — When HP_IMAGE,-PLANE_UNIFORM_FLAG is equal to FALSE, quantization parameters are set at the tile level.

9.7.3.2| Tile levehderivation of high-pass quantization parameters

This prqcess derives the values HPQuantParam([i][j] of tile-level HP quantization parameters, for each color component i,
and eacly 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 derivatjon
process derived the array HPQuantParam([i][j], used for each tile in the current image plane.
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The tile-level derivation process of HP quantization parameters proceeds as in Table 144.

Table 144 — Pseudocode for function TileLevelHPQP()

TileLevel HPQP() { Reference
if (HP_IMAGE_PLANE_UNIFORM_FLAG != TRUE) &&
(USE_LP QP FLAG ==TRUE)) {
NumHPQPs = NumLPQPs
for (i = 0; i <=NumComponents—1; i++)
for (j = 0; j <=NumLPQPs; j++)
HPQuamParamiiifj— P QuamParamiiiij]
} 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 qujintization
parameters 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 == UNIFORM)
for (i = 0; i <=NumComponents—1; i++)
HPQuantParam[i][j] = HP. QUANTY[j]
else if (COMPONENT MODE == SEPARATE) {
HPQuantParam[0][j] = HP. QUANT LUMAJ[j]
for (i = 1; i <=NumComponefts—1; i++)
HPQuantParam[i][j] <-HP QUANT CHROMAJ[j]
} else if (COMPONENT -MODE = = INDEPENDENT)
for (i = 0; i <=NumComponents—1; i++)
HPQuantParam[i][j] = HP. QUANT CHIi][j]

9.8 Dequantization

9.8.1 Dequantization of DC coefficients
This process is applied for the DC coefficients of a macroblock, for all color components.

Inputto'this process is the array DCQuantParam|[i] of DC quantization parameters for each color component i; the array
M bDET PIMERSUNMBSALIAT aFfF DC trancforns o ff ntc for anolhh Anlne Ao ot 1 AL 4l g ot o o] 0] and the

O T TVIDX[IVID y [TV OT DO tratoTOTTT coOerHEtetS1tor-eacc010t COPOTCIT +ottRe-cHfrentiRacrotroek

variables MBx and MBy which identify the current macroblock in the image.
This process uses the local variable array iQuantScalingFactor[i], holding the scaling factor, for each color component i.

Output of this process is an array of scaled DC transform coefficients MbDCLP[MBx][MBy][i][0], for each color
component i.

© ISO/IEC 2012 — All rights reserved 117


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

ISO/IEC 29199-2:2012(E)

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

MGDCLPIMBX|[MBYI[i[0T=
MbDCLP[MBx][MBy][i][0] * iQuantScalingFactor]i]

9.8.2 | Dequantization of low-pass coefficients
This process is applied for the LP coefficients of an entire macroblock, for all color components.

Inputs t¢ this process are the values LPQuantParam[i][j] of LP quantization parameters,£or'¢ach color component i gnd
index j;| the quantization parameter index MBQPIndexLP[MBx][MBy]; the array MbDCLP[MBx][MBy][i][j] of [LP
transforfn coefficients, with i representing the color component, and j referencing the\EP transform coefficients, indejed
in raster|scan order.

Output pf this process is an array of scaled LP transform coefficients MbDCLP[MBx][MBYy][i][j], for each cdflor
compongnt i and index j ranging from 1 to 15, referencing the respective L'R/transform coefficient.

The degpantization process for LP coefficients proceeds as in Table 14%.

Table 147 — Pseudocode for function‘Dequantize LPCoefficients( )

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

k = MBQPIndexLP[MBx][MBy]
valueQP[i] = LPQuantParam[i][k]

if(i==0)

iQuantScalingFactor[i] = QuantMap(valueQP[i], 1) 9.8.4
else

iQuantScalingFactorfi]| = QuantMap(valueQP[i], 0) 9.8.4

if (i==0) /* Luma Gomponent */
for G = 1; j=515; j*+)
MbDELP[MBx][MBy][i][j] =
MbDCLP[MBx][MBy][i][j] * iQuantScalingFactor[i]
else if{(INTERNAL_CLR_FMT !=YUV422) &&
UNTERNAL_CLR_FMT !=YUV420))
for G=1;j <= 15; j*+)
MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]
else if INTERNAL CLR_FMT ==YUV422)
for(=1j<=7:j+)
MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]
else /* if INTERNAL CLR_FMT ==YUV420) */
for=1;j<=3:j+H
MbDCLP[MBx][MBy][i][j] =
MbDCLP[MBx][MBYy][i][j] * iQuantScalingFactor[i]
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9.8.3  Dequantization of high-pass coefficients
This process is applied for the HP coefficients of an entire macroblock, for all color components.

Inputs to this process are the values HPQuantParam[i][j] of HP quantization parameters, for each color component i and
index j; the quantization parameter index MBQPIndexHP[MBx][MBYy]; the array MBBuffer[MBx][MBy][i][j] of HP
transform coefficients, where i and j are indices, with i representing the color component, and j ranging from 1 to 255.

Output of this process is an array of scaled HP transform coefficients MBBuffer[MBx][MBy][i][j], for each color
component i and index j ranging from 1 to 255, referencing the respective HP transform coefficient.

The-dequantizationprocesstor HP coctficientsproceedsasinTable 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(valueQP[i], 1) 9.8.4
if (i==0) /* Luma Component */
for (blkIndex = 0; blkIndex <= 15; blkIndex++)
for j=1;j<=15; j++)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantScalingFactorfi]
else if (INTERNAL_CLR_FMT !=YUV422) &&
(INTERNAL CLR_FMT !=YUV420))
for (blkIndex = 0; blkIndex <= 15; blkIndex++)
for (j=1;j <= 15; j++)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][ I'¢¥blkIndex + j] *
iQuantScalingFactor[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] =
MBBufferfMBx][MBy][i][16*blkIndex + j] *
iQuantSealingFactor[i]
else /* if INTERNAL ‘CLR_FMT ==YUV420) */
for (blkIndexy=0; blkIndex <= 3; blkIndex++)
for (517 <=15;j+4)
MBBuffer[MBx][MBy][i][16*blkIndex + j] =
MBBuffer[MBx][MBy][i][16*blkIndex + j] *
iQuantScalingFactor[i]
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9.8.4

QuantMap()

The function QuantMap is used above to compute the scaling parameters based on the parsed syntax elements QP. The
pseudocode for this function is specified in Table 149.

NOTE -
SCALEL
subclaus

9.9
9.9.1

Inputs t

Table 149 — Pseudocode for function QuantMap()

QuantMap(iQP, iScaledShift) {

Reference

if (0= = iQP)

iQuantScalingFactorResult = 1

ACOCAT LI DT AN (

1 b
CISCIT COCTTYCE D T 7Y ) |

iNotScaledShift = —2

if (iIQP <32) {

iMan = (iQP + 3) >> 2

iExp=0

} else if (1IQP < 48) {

iMan = (16 + (iQP % 16) + 1) >> |

iExp = (iIQP>>4) + iNotScaledShift

} else {

iMan = 16 + (iQP % 16)

iExp = (iIQP>>4) —1 + iNotScaledShift

}

iQuantScalingFactorResult = iMan << iExp

} else { /* SCALED FLAG is TRUE, but not (0 == iQP) */

if (iIQP < 16) {

iMan = iQP
iExp = iScaledShift
} else {

iMan = 16 + (iQP % 16)

iExp = ((IQP >>4) — 1) + iScaledShift

}

iQuantScalingFactorResult = iMan << iExp

!

return iQuantScalingFactorResult

9.9.2.

Sample reconstruction

Overview

plane, afd the syntax element OVERLAP MODE.

Outputs

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 band. When
 FLAG is equal to TRUE, the quantization scaling factor value can be modified by a power of 2. See the note at the end of

this progess{are the values MbDCLP[MBx][MBy][i][j] and MBBuffer[MBx][MBy][i][j] for the entire imgge

The san

120
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Table 150 — Pseudocode for function SampleReconstruction( )

SampleReconstruction( ) { Reference
FirstLevellnverseTransform( ) 9.9.2
if OVERLAP MODE = =2)

FirstLevelOverlapFiltering( ) 9.9.3
SecondLevelCoefficientCombination( ) 9.9.4
SecondLevellnverseTransform( ) 9.9.5
if (OVERLAP MODE !=0)

SecondLevelOverlapFiltering( ) 9.9.6

S

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

9.9.2 First level inverse transform

Inpputs to this process are the values MbDCLP[MBx][MBy][i][j] for the entire color.component.

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

NOTE — Because the first-level overlap filtering process in general involves interaction with adjacent macroblocks, the first-level
transform process must be complete for these adjacent macroblocks, prior to the overlap filtering process being invoked. This
precedence relationship also holds between the second level processes: the second level's transform procéssy must be complete for
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The first-level inverse transform process is specified as in Table 151.

Table 151 — Pseudocode for function FirstLevellnverseTransform( )

FirstLevellnverseTransform( ) {

Reference

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

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

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

(INTERNAL CLR FMT != YUV422)) {

if (i==0) | | (INTERNAL_CLR_FMT = YUV420) &&

TCTaxA Vb DCEPIMBIIMBYIIIT T

7771

if (> 0) && SCALED FLAG)

for G=0;j<=15;j++)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][il[j]

} else if INTERNAL CLR FMT ==YUV420) {

T2x2h(MbDCLP[MBx][MBy][i][ ], 0)

9.9.72

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

InvPermute2pt(arrayLocal[ ])

9,97.6

MbDCLP[MBx][MBy][i][1] = arrayLocal[0]

MbDCLP[MBx][MBy][i][2] = arrayLocal[ 1]

if (> 0) && SCALED FLAG)

for G=0;j<=3;j+1)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBylil{j]

} else if INTERNAL CLR FMT = = YUV422) {

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][0], MbDCLP[MBx][MBy][i][4]}

T2pt(arrayLocal[ ])

9.9.7.7

MbDCLP[MBx][MBy][i][0] = arrayLocal[0]

MbDCLP[MBx][MBy][i][4] = arrayLocal[1]

T2x2h(MbDCLP[MBx][MBy][i][ ], 0)

9.9.7.2

arrayLocal[ ] = {MbDCLP[MBx][MBy][i][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][MBy][i][4], MbDCLP[MBx][MBy][i][6],
MbDCLP[MBx][MBy][i]j5], MbDCLP[MBx][MBy][i][7]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

MbDCLP[MBx][MBy][i][4] = arrayLocal[0

]
MbDCLP[MBx][MBy][i][5] = arrayLocal[2

[ ]

MbDCLP[MBx][MBy][i][6] = arrayLocal[ 1]
[ ]
[

MbDCLP[MBX][MBy][i][7] = arrayLocal[3]

arrayLocal[ }= {MbDCLP[MBx][MBy][i][5], MbDCLP[MBx][MBy][i][6]}

InvPermute2pt(arrayLocal[ ])

9.9.7.6

1
MbDCLP[MBx][MBy][i][5] = arrayLocal[0]

MbDCLP[MBx][MBy][i][6] = arrayLocal[ 1]

if.di > 0) && SCALED FLAG)

for =0;,j<=7;j+)

MbDCLP[MBx][MBy][i][j] = 2 * MbDCLP[MBx][MBy][i][j]

NOTE — The purpose of the multiplication by 2 for Chroma components, in circumstances where scaling is involved, is to
re-normalize the chroma with respect to the Y component. Due to possible conversion from RGB to YUV during encoding, the U
and V components may have a numerical range that has increased by one bit. [f SCALED FLAG is equal to TRUE, the dynamic
range of the (DC and LP) U and V component values could potentially grow beyond 16 bits, due to the numerical range expansion
associated with the two levels of transform on the encode side (for the DC and LP coefficients). Therefore, the quantization
parameter for these chroma components is set to half the value used for luma components. The coefficients are scaled by this

factor of two at the end of the first-level transform process.
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9.9.3  First level overlap filtering

9.9.3.1 Overview

NOTE — The process specification below formalizes the geometric nature of the overlap filtering process. The various cases are
described below:

- 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 block). When

Ing
M

Ou
TH

HARD _TILCING FLAG is equal t0 IRUE, the 4-point overtap Iilter 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 twjo sample
columns, a 4-point overlap filter process is applied evenly across adjacent block boundaries. (overlappipg with a
2x1 strip of each block). When HARD TILING FLAG is equal to TRUE, the 4-point overlap filter process is
applied across the top 2 columns and bottom 2 columns of tiles as well.

—  four corners: Over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, a 4-point oveylap filter
process is applied 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 cornefs of each
tile as well.

Additionally, when INTERNAL CLR FMT is equal to either YUV422 or YUV420, alternate processes are considerdd for the
chroma components for each of the above cases. These case are described below:
- chroma interior: The 2x2 overlap filter process is applied to the 2x2 bloek-straddling interior block boundaries. When
HARD TILING FLAG is equal to FALSE, the 2x2 overlap filtep-process is applied across tile boundariep as well.

—  chroma top and bottom rows: Along both the top sample row dnd the bottom sample row, a 2-point oveflap filter
process is applied evenly across adjacent block boundarie§, 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 sampl¢ column,
a 2-point overlap filter process is applied evenly across adjacent block boundaries. When HARD TILIN[G FLAG
is equal to TRUE, the 2-point overlap filter process is applied across the top column and bottom column pf tiles as
well.

—  chroma four corners: Over the corner 1x1 bloeks in the top-left, top-right, bottom-left and bottom-right, ar] adjacent
coefficient residual process (specified” in subclause 9.9.3.3 and subclause 9.9.3.4) is applief. When
HARD TILING FLAG is equal to.TRUE, the adjacent coefficient residual process is applied to the foyr corners
of each tile as well.

uts to this process are the values MbDCLR[MBx][MBy][i][j] for the entire image plane, and the values MBWjidth and
BHeight.

tputs to this process are the modified values MbDCLP[MBx][MBy][i][j] for the current macroblock.

e first-level overlap filtering process is specified in Table 152.

‘Fable 152 — Pseudocode for function FirstLevelOverlapFiltering( )

FirstLevelOverlapFiltering( ) { Refgrence

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

if ((='20) || (INTERNAL CLR FMT |= YUV420) &&(INTERNAL CLR _FMT |= YUV422)))

FirstLevelOverlapFilteringPrimary(i) 993.2
else if INTERNAL CLR FMT ==YUV422)
FirstLevelOverlapFiltering422(i) 9933
else if INTERNAIL_CIR FMT == YUV420)
FirstLevelOverlapFiltering420(i) 9934
}
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9.9.3.2 FirstLevelOverlapFilteringPrimary( )
Pseudocode for the function FirstLevelOverlapFilteringPrimary( ) is specified in Table 153.

Table 153 — Pseudocode for function FirstLevelOverlapFilteringPrimary( )

FirstLevelOverlapFilteringPrimary(i) {

Reference

for (Ty = 0; Ty <= (NumTileRows — 1); Ty++) {

for (Tx = 0; Tx <= (NumTileCols — 1); Tx++) {

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++)

£ LT o NP Tad OfLlalT — (L OGN DT ] OfFlalTs 11 o AVERTSIENIY
TO X eV THOOX LLAAVLLAJ, eItV THaCXoT e X T VA v

FirstLevelCallOverlapPostFilter4x4(i, x, y)

9.93.5

if (Tx==0) [| (HARD TILING FLAG == TRUE)) { /* Left edge */

x = LeftMBIndexOfTile[ Tx]

for (y = TopMBIndexOfTile[Ty]; y <= TopMBIndexOfTile[Ty + 1] — 2; y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][8], MbDCLP[x][y][i][12],
MbDCLP[x][y+1][i][0], MbDCLP[x][y+1][i][4]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][8] = arrayLocal[0]

MbDCLP[x][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]

J0y](i]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x][y+1][i][5] = arrayLocal[3]

}

;

if (Ty ==0) [| (HARD TILING FLAG == TRUE)DY/* Top edge */

y = TopMBIndexOfTile[Ty]

for (x = LeftMBIndexOfTile[Tx]; x <= LeftMBIndexOfTile[Tx + 1] — 2; x++) {

arrayLocal[ ] = {MbDCLP[x][y][i][2]-MbDCLP[x][y][il[3],
MbDCLP[x+1][y][i][0], MbDCLP[x+1][y][i][1]}

OverlapPostFilter4(arrayLocal[}})

9.9.8.2

MbDCLP[x][y][i][2] = arrayLocal[0]

MbDCLP[x][y][i][3] =.atrayLocal[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]}

OverlapPestFilter4(arrayLocal[ ])

9.9.8.2

MbDCDP[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]

i

}

if (Tx == NumTileCols — 1) [ | (HARD TITING FIAG == TRIJE)) { /* Right edge *

x = LeftMBIndexOfTile[Tx + 1] — 1

for (y = TopMBIndexOfTile[Ty]; y <= TopMBIndexOfTile[Ty + 1] — 2; y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][14],
MbDCLP[x][y+1][i][2], MbDCLP[x][y+1][i][6]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][14] = arrayLocal[ 1]

MbDCLP[x][y+1][i][2] = arrayLocal[2]

]
]
MbDCLP[x][y+1][i][6] = arrayLocal[3]
arrayLocal[ ] = {MbDCLP[x][y][i][11], MbDCLP[x][y][i][15],
MbDCLP[x][y+1][i][3], MbDCLP[x][y+11[i][7]}
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FirstLevelOverlapFilteringPrimary(i) { Reference
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][11] = arrayLocal[0]
MbDCLP[x][y][i][15] = arrayLocal[ 1]
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
Tor (X = LeRMBIndexOTTile[ TX]; X <= LeMBINdexOTTile[ TX F 1] — 2, XFF) {
arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],
MbDCLP[x+11[y][il[8], MbDCLP[x+11[y][i][9]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][10] = arrayLocal[0]
MbDCLP[x][y][i][11] = arrayLocal[ 1]
MbDCLP[x+1][y][i][8] = arrayLocal[2]
MbDCLP[x+1][y][i][9] = arrayLocal[3]
arrayLocal[ ] = {MbDCLP[x][y][i][14], MbDCLP[x][y][i][15],
MbDCLP[x+1][y][il[12], MbDCLP[x+1][y][il[13]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][14] = arrayLocal[0]
MbDCLP[x][y][i][15] = arrayLocal[1]
MbDCLP[x+1][y][i][12] = arrayLocal[2]
MbDCLP[x+1][y][i][13] = arrayLocal[3]

H

}
if (Tx==0) && (Ty == 0)) | | (HARD TILING FLAG <<= TRUE)) { /* Top left corner */

x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty]
arrayLocal[ | = {MbDCLP[x][y][i][0], MbDGLP[x][y][il[1],
MbDCLP[x][y][i][4]. MbDCLP[x][ylFil{51}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][0] = arrayLocal[0,

]
MbDCLP[x][y][i][1] = arrayLocal[ ]
MbDCLP[x][y][i][4] = arrayLécal[2]
MbDCLP[x][y][i][5] = arrayLocal[3]

I
if (Tx == NumTileCols 5+1) && (Ty == 0)) | | (HARD_TILING_FLAG == TRUE)) {
/* Top right corner */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[ Ty]
arrayLocalD] = {MbDCLP[x][y][i][2], MbDCLP[x][y][il[3],
MbDCLP[x][y][i][6], MbDCLP[x][y][i][7]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][3] = arrayLocal[1]
MbDCLP[x][y][i][6] = arrayLocal[2]
MbDCLP[x][y][i][7] = arrayLocal[3]
}" P &&(Fyr——NumTHeRows—IHHHHARBDHEINGFAG—RUED-

/* Bottom left corner */

x = LeftMBIndexOfTile[Tx]

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][8], MbDCLP[x][y][il[9],
MbDCLP[x][y][i][12], MbDCLP[x][y][il[13]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2

MbDCLP[x][y][i][8] = arrayLocal[0]

MbDCLP[x][y][i][9] = arrayLocal[1]

MbDCLP[x][y][i][12] = arrayLocal[2]

MbDCLP[x][y][i][13] = arrayLocal[3]

]
]
]
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FirstLevelOverlapFilteringPrimary(i) { Reference
if (Tx == NumTileCols — 1) && (Ty == NumTileRows — 1)) | |
(HARD TILING FLAG == TRUE)) { /* Bottom right corner */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ | = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],
MbDCLP[x][y][i][14], MbDCLP[x][y][i][15]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][10] = arrayLocal[0]
MbDCLP[x][y][i][11] = arrayLocal[1]
MbBCEPIxItyiTT HT—arraytocatt2}

MbDCLP[x][y][i][15] = arrayLocal[3]

}
if (HARD_TILING _FLAG ==FALSE) && (Tx !=NumTileCols — 1)) {
/* Right across for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++)
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.3.5

}
if (HARD_TILING_FLAG == FALSE) && (Ty !=NumTileRows — 1)) {
/* Bottom across for soft tiles */
y = TopMBIndexOfTile[Ty + 1] — 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LefftMBIndexOfTile[Tx + 1] — 2); X4+)
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.3.5

}
if (HARD_TILING_FLAG ==FALSE) && (Tx !=NumTileCols —_) &&
(Ty != NumTileRows — 1)) { /* Bottom across for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
FirstLevelCallOverlapPostFilter4x4(i, x, y) 9.9.3.5

}
if (HARD_TILING FLAG ==FALSE) && (Tx ==0) && (Ty != NumTileRows — 1)) {
/* Left edge for soft tiles */
x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][8]; MbDCLP[x][y][i][12],
MbDCLP[x][y+1][i][0], MbDCLP[x][y+1][i][4]}
OverlapPostFilter4(arrayLocalf ]) 9.9.8.2
MbDCLP[x][y][i][8] = arraylocal[0]
MbDCLP[x][y][i][12] = atfrayLocal[ 1]
MbDCLP[x][y+1][i][0] &= arrayLocal[2]
MbDCLP[x][y+1{][1]]4] = arrayLocal[3]
arrayLocal[ ] 4MbDCLP[x][y][i][9], MbDCLP[x][y][i][13],
MbDCIRPE][y+1][i][1], MbDCLP[x][y+1][i][S]}
OverlapPostFilter4(arrayLocall ]) 9.9.8.2
MbDCEP[x][y][i][9] = arrayLocal[0]
MbBCLP[x][y][i][13] = arrayLocal[ 1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x][y+1][i][5] = arrayLocal[3]

}

if (HARD TITING FTAG==FATSE) && (Tx !=NnumTileCols — 1) && (Ty==0)) {
/* Top edge for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty]
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y][i][3],
MbDCLP[x+1][y][i][0], MbDCLP[x+1][y][i][1]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][3] = arrayLocal[1]
MbDCLP[x+1][y][i][0] = arrayLocal[2]
MbDCLP[x+1][y][i][1] = arrayLocal[3]
arrayLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y][i][7],
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FirstLevelOverlapFilteringPrimary(i) {

Reference

MbDCLP[x+1][y][i][4], MbDCLP[x+11[y][i][5]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][6] = arrayLocal[0]

MbDCLP[x][y][i][7] = arrayLocal[1]

MbDCLP[x+1][y][i][4] = arrayLocal[2]
MbDCLP[x+1][y][i][5] = arrayLocal[3]

;

if (HARD_TILING FLAG = = FALSE) && (Tx = = NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) { /* Right edge for soft tiles */

X = LCIUVIBDINACXUTTHC[ IX T+ I =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]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][14] = arrayLocal[ 1]

MbDCLP[x][y+1][i][2] = arrayLocal[2]

MbDCLP[x][y+1][i][6] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[x][y][i][11], MbDCLP[x][y][i][15],
MbDCLP[x][y+1][i][4], MbDCLP[x][y+1][i][ 7]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][11] = arrayLocal[0]

MbDCLP[x][y][i][15] = arrayLocal[1]

10y1[i]
MbDCLP[x][y+1][i][4] = arrayLocal[2]
MbDCLP[x][y+1][i][7] = arrayLocal[3]

}

if (HARD_TILING_FLAG == FALSE) && (Tx != 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], MbPCLP[x][y][il[11],
MbDCLP[x+1][y][i][8], MbDCLP[x+H[y][i][9]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[x][y][i][10] = arrayLocal[0]

MbDCLP[x][y][i][11] = 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+(][y][i][12], MbDCLP[x+1][y][i][13]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

MbDCLP[X][y][i][14] = arrayLocal[0]

MbDCLPfR][y][i][15] = arrayLocal[ 1]

MbDCEP[x+1][y][i][12] = arrayLocal[2]

1Iy]
MbDCLP[x+1][y][i][13] = arrayLocal[3]
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9.9.3.3 FirstLevelOverlapFiltering422()
Pseudocode for the function FirstLevelOverlapFiltering422( ) is specified in Table 154.

Table 154 — Pseudocode for function FirstLevelOverlapFiltering422( )

FirstLevelOverlapFiltering422(i) { Reference
for (Ty = 0; Ty <= (NumTileRows — 1); Ty ++) {
if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */
/* OverlapPostFilter] */

—l MNP Lad Oflalds
Y TOPTVIE RGO O T O Ty

MbDCLP[LeftMBIndexOfTile[0]][y][i][0] —= MbDCLP[LefiMBIndexOfTile[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] == MbDCLP[LeftMBIndexOfTile[ Tx]1[y}filp!]
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][1] —=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][0]

H

H
if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom\edge */

/* OverlapPostFilter]l */
y = TopMBIndexOfTile[Ty + 1] — 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][6] —= MbDCLP[LeftMBIndexOfTile[0]][y][i][7]
/* Bottom left corner difference */
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][7] —=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][6]«/%Bottom right corner difference */
if (HARD TILING FLAG == TRUE)
for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][6] ==“MbDCLP[LeftMBIndexOfTile[Tx]][y][il[7]
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y}iP7] —=
MbDCLP[LeftMBIndexOfTile[Tx] —][y][i][6]

H

}
for (Tx = 0; Tx <= (NumTileCols — 1); Tx+#){
for (y = TopMBIndexOfTile[Ty]; y <=(TopMBIndexOfTile[Ty + 1] — 1); y++)
for (x = LeftMBIndexOfTilé[Tx]; x <= (LeffMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][¥][il{5], MbDCLP[x+1][y][i][4]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][yi{1][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y][i][5] = arrayLocal[2]
MBDPELP[x+1][y][i][4] = arrayLocal[3]
if(y != (TopMBIndexOfTile[Ty + 1] — 1)) {
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x+1][y][i][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
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]

;

H
if (Tx==0) || (HARD TILING FLAG == TRUE)) { /* Left edge */

x = LeftMBIndexOfTile[ Tx]

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 1); y++) {
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y][il[4]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][2] = arrayLocal[0]
MbDCLP[x][y][i][4] = arrayLocal[1]
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FirstLevelOverlapFiltering422(i) {

Reference

if (y != (TopMBIndexOfTile[Ty + 1] — 1)) {

arrayLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y+1][i][0]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][6] = arrayLocal[0]

MbDCLP[x][y+1][i][0] = arrayLocal[1]

;

;

}

if (Tx == NumTileCols — 1) | | (HARD_TILING FLAG == TRUE)) { /* Right edge */

X = LertMBIndexOTile[ IX + 1] =1

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 1); y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y][i][5]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][3] = arrayLocal[0]

MbDCLP[x][y][i][5] = arrayLocal[1]

if (y != (TopMBIndexOfTile[Ty + 1] — 1)) {

arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x][y+1][i][ 1]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][7] = arrayLocal[0]

MbDCLP[x][y+1][i][1] = arrayLocal[1]

}

;

;

if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /* Top edge’*/

y = TopMBIndexOfTile[Ty]

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOQfTile[Tx + 1] — 2); x++) {

arrayLocal[ ] = {MbDCLP[x][y][il[1], MbDCLR[x*H[y][i][0]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][1] = arrayLocal[0]

MbDCLP[x+1][y][i][0] = arrayLocal[1]

;

}

if (Ty == NumTileRows — 1) | | (HARD)TILING FLAG == TRUE)) { /* Bottom edge */

y = TopMBIndexOfTile[ Ty + 1{.£.1

for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++) {

arrayLocal[ ] = {MbDCLUP[x][y][i][7], MbDCLP[x+1][y][i][6]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y[ilf7] = arrayLocal[0]

MbDCLP[x+N[y][i][6] = arrayLocal[1]

H

}

if (HARD.'TIEING_FLAG == FALSE) && (Tx !=NumTileCols — 1)) {
/* Right/across for soft tiles */

x= MeftMBIndexOfTile[Tx + 1] — 1

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y][i][5], MbDCLP[x+1][y][il[4]}

OverlapPostFilter2x2(arrayLocal[ ])

9.9.8.3

MbDCLP[x][y][i][3] = arrayLocal[0]

MbDCEPIRTFTIyIfil{2I=armayLocal{ 1]

MbDCLP[x][y][i][5] = arrayLocal[2]

MbDCLP[x+1][y][i][4] = arrayLocal[3]

arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x+1][y][i][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ])

9.9.8.3

MbDCLP[x][y][i][7] = arrayLocal[0]

MbDCLP[x+1][y][i][6] = arrayLocal[1]
[

]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]
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FirstLevelOverlapFiltering422(i) { Reference
if (HARD_TILING FLAG == FALSE) && (Ty !=NumTileRows — 1)) {
/* Bottom across for soft tiles */
y = TopMBIndexOfTile[Ty + 1] — 1
for (x = LeftMBIndexOfTile[Tx]; x <= (LeffMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLP[x][y][il[5], MbDCLP[x-+1][y][i][4]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCEPIxI it ST—arraytocati2i
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 !=NumTileCols — 1) &&
(Ty != NumTileRows — 1)) {
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][il[2],

MbDCLP[x][yl[il[5], MbDCLP[x+1][y][il[4]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
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], MbDCLRx+1][y][i][6],
MbDCLP[x][y+1][i][1], MbDCLP[x+H[y+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arraylsocalf1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0]:='arrayLocal[3]

}

if (HARD_TILING FLAG)==FALSE) && (Tx ==0) && (Ty != NumTileRows — 1)) {
x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[J-5 {MbDCLP[x][y][i][2], MbDCLP[x][y][il[4]}
OverlapPestFilter2(arrayLocall ]) 9.9.8.4
MbDCEP[x][y][i][2] = arrayLocal[0]
MbBCLP[x][y][i][4] = arrayLocal[1]
arrdyLocal[ ] = {MbDCLP[x][y][i][6], MbDCLP[x][y+1][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][6] = arrayLocal[0]

MbBCEREI=HEH0—arrayocal

}

if (HARD_TILING_FLAG == FALSE) && (Tx ==NumTileCols — 1) &&
(Ty != NumTileRows — 1)) {
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y][il[5]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x][y][i][5] = arrayLocal[1]
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x][y+1][i][1]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
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FirstLevelOverlapFiltering422(i) { Reference
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x][y+1][i][1] = arrayLocal[1]

}

if (HARD _TILING FLAG ==FALSE) && (Tx !=NumTileCols — 1) && (Ty ==0)) {
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty]
arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MBDCLPIXTI[y][i][0] = arrayLocal[ 1]

}

if (HARD_TILING_FLAG ==FALSE) && (Tx !=NumTileCols — 1) &&
(Ty ==NumTileRows — 1)) {
x = LeftMBIndexOfTile[Tx + 1] — 1
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][7], MbDCLP[x+1][y][i][6]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][7] = arrayLocal[0]
MbDCLP[x+1][y][i][6] = arrayLocal[1]

H

H
if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /*Top edge */
/* OverlapPostFilter] */
y = TopMBIndexOfTile[Ty]
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] += MbDCLP[LefiMBIadexOfTile[0]][y][i][1]
/* Upper left corner addition */
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y][i][ LN+=
MbDCLP[LeftMBIndexOfTile[NumTileCols] — 1][y]fi][0] /* Upper right corner addition */
if (HARD TILING FLAG == TRUE)
for (Tx = 1; Tx <(NumTileCols — 1); Tx++) {
MbDCLP[LeftMBIndexOfTile[ Tx]][y}{i}][0] += MbDCLP[LeftiMBIndexOfTile[ Tx][y][i][1]
MbDCLP[LeftMBIndexOfTile[Tx] s [y][i][1] +=
MbDCLP[LeftMBIndexOfTite[ Tx] — 1][y][i][0]

H

H
if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom edge */

/* OverlapPostFilter]l */
y = TopMBIndexOfTilefTy+ 1] — 1
MbDCLP[LeftMBIndexOfTile[0]][y][i][6] += MbDCLP[LeftMBIndexOfTile[0]][y][i][7]
/* Bottom left corher addition */
MbDCLP[LeftMBIhdexOfTile[NumTileCols] — 1][y][i][7] +=
MbDCLP[DeftMBIndexOfTile[NumTileCols] — 1][y][i][6] /* Bottom right corner addition */
if ( HARDABILING 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]

]~
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9.9.3.4 FirstLevelOverlapFiltering420()
Pseudocode for the function FirstLevelOverlapFiltering420( ) is specified in Table 155.

Table 155 — Pseudocode for function FirstLevelOverlapFiltering420( )

FirstLevelOverlapFiltering420(i) {

Reference

for (Ty = 0; Ty <= (NumTileRows — 1); Ty ++) {

if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */

/* OverlapPostFilter]l */

se—TonMBlLadexOfTilal T
TOprvIEHRaex o ey

J
MbDCLP[LeftMBIndexOfTile[0]][y][i][0] —= MbDCLP[LefiMBIndexOfTile[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] —= MbDCLP[LeftMBIndexOfTile[ Tx]][yIfilil]

MbDCLP[LeftMBIndexOfTile[Tx] — 1][yl[il[1] —=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][0]

i
}

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom édge */

/* OverlapPostFilter] */

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] /* Bettom right corner difference */

if (HARD TILING FLAG == TRUE)

for (Tx = 1; Tx < (NumTileCols — 1); Tx++) {

MbDCLP[LeftMBIndexOfTile[ Tx]][y][i][2] —=MbDCLP[LefiMBIndexOfTile[ Tx]|[y][i][3]

MbDCLP[LeftMBIndexOfTile[Tx] — 1][yl[il[3] —=
MbDCLP[LeftMBIndexOfTile[ Tx] ~1]fyl[i][2]

;

}

for (Tx = 0; Tx <= (NumTileCols — 1); Tx#+).{

for (y = TopMBIndexOfTile[Ty]; y £&=(TopMBIndexOfTile[Ty + 1] — 2); y++)

for (x = LeftMBIndexOfTile[Tx]; x <= (LefftMBIndexOfTile[Tx + 1] — 2); x++) {

arrayLocal[ ] = {MbDELP[x][y][il[3], MbDCLP[x+1][yl[i][2],
MbDCLP[x][y+11ji][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]

[
MbDCIP[x][y+1][i][1] = arrayLocal[2]

MDbBELP[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++) {

arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}

Fa Bl Pse V4 a8 i AY
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MbDCLP[x][y][i][2] = arrayLocal[0]

MbDCLP[x][y+1][i][0] = arrayLocal[1]

H

;

if (Tx == NumTileCols — 1) | | (HARD_TILING FLAG == TRUE)) { /* Right edge */

x = LeftMBIndexOfTile[Tx + 1] — 1

for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[Ty + 1] — 2); y++) {

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x][y+1][i][1]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][3] = arrayLocal[0]

MbDCLP[x][y+1][i][1] = arrayLocal[1]
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FirstLevelOverlapFiltering420(i) { Reference
H
}
if (Ty==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */
y = TopMBIndexOfTile[Ty]
for (x = LeftMBIndexOfTile[Tx]; x <= (LeftMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][1], MbDCLP[x+1][y][i][0]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.8.4
MbDCLP[x][y][i][1] = arrayLocal[0]
MbDCLP[x+1][y][i][0] = arrayLocal[1]

s

}
if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom edge */

y = TopMBIndexOfTile[Ty + 1] — 1

for (x = LeftMBIndexOfTile[Tx]; x <= (LeffMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][il[2]}
OverlapPostFilter2(arrayLocal[ ]) 9.9.3.4
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]

H
}
if (HARD_TILING _FLAG ==FALSE) && (Tx !=NumTileCols — 1)) {
/* Right across for soft tiles */
x = LeftMBIndexOfTile[Tx + 1] — 1
for (y = TopMBIndexOfTile[Ty]; y <= (TopMBIndexOfTile[ Ty + 1T — 2); y++) {
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]}

H
}
if (HARD_TILING_FLAG == FALSE)&& (Ty != NumTileRows — 1)) {
/* Bottom across for soft tiles %/
y = TopMBIndexOfTile[ Ty- 17— 1
for (x = LeftMBIndexOfTile[ Tx]; x <= (LefftMBIndexOfTile[Tx + 1] — 2); x++) {
arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2],
MbDCLPx{[y*+1][i][1], MbDCLP[x+1][y+1][i][0]}
OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLR[x]y][i][3] = arrayLocal[0]
MbDCLR[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
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal] | = {MBDCLP[X][Y][{I3], MBDCLP[XF Iy Ili2]

MbDCLP[x][y+1][i][1], MbDCLP[x+1][y+1][i][0]}

OverlapPostFilter2x2(arrayLocal[ ]) 9.9.8.3
MbDCLP[x][y][i][3] = arrayLocal[0]
MbDCLP[x+1][y][i][2] = arrayLocal[1]
MbDCLP[x][y+1][i][1] = arrayLocal[2]
MbDCLP[x+1][y+1][i][0] = arrayLocal[3]

}

if (HARD TILING FLAG ==FALSE) && (Tx ==0) && (Ty !=NumTileRows — 1)) {
x = LeftMBIndexOfTile[ Tx]
y = TopMBIndexOfTile[Ty + 1] — 1
arrayLocal[ ] = {MbDCLP[x][y][i][2], MbDCLP[x][y+1][i][0]}
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FirstLevelOverlapFiltering420(i) {

Reference

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][2] = arrayLocal[0]

MbDCLP[x][y+1][i][0] = arrayLocal[1]

;

if (HARD_TILING_FLAG == FALSE) && (Tx == NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][3]. MbDCLP[x][y+1][i][1]}

o PR - R ST P I 103
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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][y][i][0]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][1] = arrayLocal[0]

MbDCLP[x+1][y][i][0] = arrayLocal[1]

}

if (HARD_TILING_FLAG ==FALSE) && (Tx !=NumTileCols — 1) &&
(Ty ==NumTileRows — 1)) {

x = LeftMBIndexOfTile[Tx + 1] — 1

y = TopMBIndexOfTile[Ty + 1] — 1

arrayLocal[ ] = {MbDCLP[x][y][i][3], MbDCLP[x+1][y][i][2]}

OverlapPostFilter2(arrayLocal[ ])

9.9.8.4

MbDCLP[x][y][i][3] = arrayLocal[0]

MbDCLP[x+1][y][i][2] = arrayLocal[1]

;

}

if (Ty ==0) [| (HARD TILING FLAG == TRUE)).{/*Top edge */

/* OverlapPostFilter] */

y = TopMBIndexOfTile[Ty]

MbDCLP[LeftMBIndexOfTile[0]][y][i][01%= 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 */

if (HARD TILING FLAG =<TRUE)

for (Tx = 1; Tx < (NumTilcCols — 1); Tx++) {

MbDCLP[LeftMBTndexOfTile[ Tx]][y][i][0] += MbDCLP[LeftMBIndexOfTile[Tx]I[yl[i][1]

MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][1] +=
MbDCLP{LeftMBIndexOfTile[Tx] — 1][y][i][0]

H

;

if (Ty == NumTileRows — 1) || (HARD TILING FLAG == TRUE)) { /* Bottom edge */

/* OverlapPostFilterl */

yi= TopMBIndexOfTile[Ty + 1] — 1

MB6DCLP[LeftMBIndexOfTile[0]][y][i][2] += MbDCLP[LefiMBIndexOfTile[0]][y][i][3]
/* Bottom left corner addition */

MBDCTLP[LeitMBIndexO1 Tile[Num TileCols] — LIYI[I3] =
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[LefiMBIndexOfTile[ Tx]I[yI[i[3]

MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][3] +=
MbDCLP[LeftMBIndexOfTile[Tx] — 1][y][i][2]

134
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9.9.3.5 FirstLevelCallOverlapPostFilterx4x4()
Pseudocode for the function FirstLevelCallOverlapPostFilter4x4( ) is specified in Table 156.

Table 156 — Pseudocode for function FirstLevelCallOverlapPostFilter4x4( )

FirstLevelCallOverlapPostFilter4x4(, x, y) {

Reference

arrayLocal[ ] = {MbDCLP[x][y][i][10], MbDCLP[x][y][i][11],
MbDCLP[x+1][y][i][8], MbDCLP[x+1][y][i][9],
MbDCLP[x][y][i][14], MbDCLP[x][y][i][15],
MbDCI P[x-+1[y][i][12] MbDCI Plx+1][y][i][13]

MbDCLP[x][y+1][i][2], MbDCLP[x][y+11[i][3],
MbDCLP[x+1][y+1][i][0], MbDCLP[x+1][y+1][i][1],
MbDCLP[x][y+1][i][6], MbDCLP[x][y+11[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+1][y+1][i][4] = arrayLocal[14]

Gl
[1][5] = arrayLocal[15]

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+1][y][i][12] = arrayLocal[6]
MbDCLP[x+1][y][i][13] = arrayLocal[7]
MbDCLP[x][y+1][i][2] = arrayLocal[8]
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+1][i][7] = arrayLocal[13]

]

]

1=
i]
MbDCLP[x+1][y+1][i]

994 Second level coefficient combination

NOTE — At this point in the process, the DQ-LP array coefficients have gone through the first-level transform and overlay] 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 coler'component is specified by i, and x and y mark the location of the sample in the imagg plane.

Inputs to this process are the walues MbDCLP[MBx][MBy][i][j], and MBBufferfMBx][MBy][i][j], for thg current

mgcroblock.

Ogtputs 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 (i==0)|| (INTERNAL_CLR_FMT !=YUV420) &&
(INTERNAL CLR FMT !=YUV422))) {
for =0 15,7 ¢
x=16*MBx+4*(%4)
y=16*MBy+4 *(j/4)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i][j]

H
for (j=0; j <=255; j++) {
x=16*MBx+4*((j/16)%4)+({%4)
y=16*MBy + 4 *(j/ 64) + ((j/4) % 4)
k=j%16
if (k != 0) /* only the HP coefficients are copied */
ImagePlane[i][x][y] = MBBuffer[ MBx][MBy][i][j]

H
} else if INTERNAL CLR FMT ==YUV422) {

for =0;j<=7; j++) {
x=8 *MBx+4*(j%2)
y=16*MBy+4 *(j/2)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i][i]

H
for G =0;j<=127; j++) {
x=8*MBx+4*((%32)/16)+((G%B32)%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 (=0 j <=3; j++) {
x=8 * MBx +4 *(j % 2)
y=8 * MBy®4™*(j/2)
ImagePlane[i][x][y] = MbDCLP[MBx][MBy][i][j]

}
for (j 7.0, )<= 63; j++) {
=8 *MBx+4*((%32)/16)+((%32)%4)
y=8*MBy+4*(/32)+((j/4) %4)
k=j%16
if (k = 0) /* only the HP coefficients are copied */
ImagePlane[i][x][y] = MBBuffer[ MBx][MBy][i][j]

9.9.5 Second level inverse transform
Inputs to this process are the values ImagePlane[i][x][y] for the entire image plane.

Outputs to this process are the modified values ImagePlane[i][x][y] for the current macroblock.
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The second level inverse transform process is specified as in Table 158.

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],

rrrrrr

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]}
ICT4x4(arrayLocal[ ]) 9.9.7.1

ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[ 1]
ImagePlane[i][x+2][y] = arrayLocal[2]
] = arrayLocal[3]

1
1

]

1

ImagePlane[i][x+3][y

ImagePlaneli][x][y+1] = arrayLocal[4]

ImagePlane[i][x+1][y+1] = arrayLocal[5]

ImagePlane[i][x+2][y+1] = arrayLocal[6]

ImagePlaneli][x+3][y+1] = arrayLocal[ 7]

ImagePlaneli][x][y+2] = arrayLocal[ 8]
]
]
1
]
]
]
1

1
1

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]

9.9.6 Second level overlap filteéring
Inputs to this process are the valdes ImagePlane[i][x][y] for the entire image plane.
Ogtputs to this process are the modified values ImagePlane[i][x][y] for the entire image plane.

Otputs to this process.are-the modified values ImagePlane[i][x][y] for the current macroblock.
NOTE — The proe€ss specification below formalizes the geometric nature of the overlap filtering process. There are 4 casgs:

(1) (interior): atevery point in the image plane where 4 blocks meet in a corner, the 4x4 overlap filter is applied to the 4x4 block
straddling these€4 blocks evenly (i.e., overlapping with a 2x2 corner of each block)

(2) (top.andbottom 2 rows): along both the top two sample rows and the bottom two sample rows of the image plane, the 4-point
overlap-filter is applied evenly across adjacent block boundaries (overlapping with a 1x2 strip of each block)
(3)._(right-most and left-most columns): along both the left-most two sample columns and the right-most two sample colfimns, the
4-point overlap filter is applied evenly across adjacent block boundaries (overlapping with a 2x1 strip of each block)

(4) (four corners of the image plane): over the corner 2x2 blocks in the top-left, top-right, bottom-left and bottom-right, the 4-point
overlap filter process is applied in a raster scan order (top-left, top-right, bottom-left, then bottom-right).

The second-level overlap filtering process is specified in Table 159.
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Table 159 — Pseudocode for function SecondLevelOverlapFiltering( )

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

if (i 1= 0) && (INTERNAL CLR FMT ==YUV422) || INTERNAL CLR FMT == YUV420)))
dx=2

else
dx=1

if (i 1= 0) && (INTERNAL CLR FMT ==YUV420))
dy=2

rctse

dy=1
for (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);
yt=4) {
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x+2][y], ImagePlane[i][x+3][y],

ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],

ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],

ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],

ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],

ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],

ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}
OverlapPostFilter4x4(arrayLocal[ ]) 9.9.8.1
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]
ImagePlane[i][x][y+1] = arrayLocal[4]
ImagePlane[i][x+1][y+1] = arrayLocal{5]
ImagePlane[i][x+2][y+1] = arrayLocal{6]
ImagePlane[i][x+3][y+1] = arraykoeal[7]
ImagePlane[i][x][y+2] = arraylboeal[8§]
ImagePlane[i][x+1][y+2] =arrayLocal[9]
ImagePlane[i][x+2][y+2]\=/arrayLocal[ 10]
ImagePlane[i][x+3][y+2] = arrayLocal[ 11]
ImagePlane[i][x}{y:#:3] = arrayLocal[12]
ImagePlane[i][x+1][y+3] = arrayLocal[13]
ImagePlanefi][X+2][y+3] = arrayLocal[ 14]
ImagePlanefi][x+3][y+3] = arrayLocal[ 15]

}
if (Tx == 0)1] (HARD TILING FLAG == TRUE)) { /* Left edge */

for{(y="16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1]/ dy — 2);
yr=4) 1
x =16 * LeftMBIndexOfTile[Tx] / dx
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],

ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[ 1]
ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]
x =16 * LeftMBIndexOfTile[Tx] / dx + 1
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[ 1]
ImagePlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]
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SecondLevelOverlapFiltering() {

Reference

}

}

if (Ty ==0) || (HARD TILING FLAG == TRUE)) { /* Top edge */

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

TrmagePtarefiifxity—arraytocato?

ImagePlane[i][x+1][y] = arrayLocal[ 1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]

y = 16 * TopMBIndexOfTile[Ty] / dy + 1

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9

8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[ 1]

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[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[(]

ImagePlane[i][x][y+1] = arrayLogal{ 1

(1]
ImagePlane[i][x][y+2] = arraylLocal[2]

ImagePlane[i][x][y+3] = arrayLocal[3]

x =16 * LeftMBIndex@ffFile[Tx + 1] /dx — 1

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostEilter4(arrayLocal[ ])

9.918.

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane|i][x][y+1] = arrayLocal[1]

ImageRlane[i][x][y+2] = arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]

h

}

if{(Ty == NumTileRows — 1) | | (HARD TILING FLAG == TRUE)) { /* Bottom edge */

for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2);
x+=4) {

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x+21[y] ImagePlanelill[x+31[y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.

8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]

y =16 * TopMBIndexOfTile[Ty + 1] /dy — 1

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.

8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]
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SecondLevelOverlapFiltering() { Reference
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

}

}
if (Tx==0) && (Ty==0)) || (HARD TILING FLAG == TRUE)) { /* Top left edge */

x =16 * LeftMBIndexOfTile[Tx] / dx

y =16 * TopMBIndexOfTile[Ty] / dy
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1]}

OvertapPostrilterdtaray Local] 1) 9982
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[1]
ImagePlane[i][x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}
if ((Tx == NumTileCols — 1) && (Ty ==0)) | | (HARD_TILING _FLAG == TRUE)) {
/* Top right edge */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
y =16 * TopMBIndexOfTile[Ty] / dy
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1]}
OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[ 1]
ImagePlane[i][x][y+1] = arrayLocal[2]
ImagePlane[i][x+1][y+1] = arrayLocal[3]

}

if ((Tx ==0) && (Ty == NumTileRows — 1)) | | ( HARD TILING FLAG == TRUE)) {
/* Bottom left edge */
x =16 * LeftMBIndexOfTile[Tx] / dx
y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+1], ImagePlanefi][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+l\= arrayLocal[3]

}

if (Tx == NumTileCols — 1) && (Ty == NumTileRows — 1)) ||
(HARD TILING FLAG == TRUE)) { /* Bottom right edge */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
y = 16 *PopMBIndexOfTile[Ty + 1]/ dy — 2
arraybogal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1]}

QverlapPostFilter4(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]

ImagePlaneilx+11x4+11 = arravl ocall31
f=] | N JL J L— 1

}
if (HARD_TILING_FLAG ==FALSE) && (Tx !=NumTileCols — 1)) {
/* Right across for soft tiles */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
for (y = 16 * TopMBIndexOfTile[Ty] / dy + 2; y < (16 * TopMBIndexOfTile[Ty + 1]/ dy — 2);
y+=4){
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y],ImagePlane[i][x+3][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],
ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],
ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
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SecondLevelOverlapFiltering() {

Reference

ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}

OverlapPostFilter4x4(arrayLocal[ ])

9.9.8.1

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

ImagePlane[i][x][y+1] = arrayLocal[4]

ImagePlane[i][x+1][y+1] = arrayLocal[5]

Tmagerane X T2y T 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]

ImagePlane[i][x+3][y+2] = arrayLocal[11]

ImagePlane[i][x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal[ 14]

ImagePlane[i][x+3][y+3] = arrayLocal[ 15]

!

}

if (HARD_TILING FLAG == FALSE) && (Ty != NumTileRows—"1))"{
/* Bottom across for soft tiles */

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

for (x =16 * LeftMBIndexOfTile[Tx] / dx + 2; x < (16, *LeftMBIndexOfTile[Tx + 1] / dx — 2);
x+=4) {

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x+2][y], ImagePlane[i][x+3][y],
ImagePlane[i][x][y+1], 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], ifagePlane[i][x+3][y+2],
ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y43], ImagePlane[i][x+3][y+3]}

OverlapPostFilter4x4(artayLocal[ ])

9.9(8.1

ImagePlane[i][x][y}==arfayLocal[0]

ImagePlane[i][x+1]}y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlanefil{x+3][y] = arrayLocal[3]

ImagePlanefi][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]

TmagePlane[i][x][y+2] = arrayLocal[8]

ImagePlane[i][x+1][y+2] = arrayLocal[9]

ImagePlane[i][x+2][y+2] = arrayLocal[10]

ImagePlane[i][x+3][y+2] = arrayLocal[ 11]

ImagePlane[i][x][y+3] = arrayLocal[12]

ImagePlane[i][x+1][y+3] = arrayLocal[13]

ImagePlane[i][x+2][y+3] = arrayLocal[ 14]

ImagePlane[i][x+3][y+3] = arrayLocal[ 15]

}

}

if (HARD_TILING_FLAG == FALSE) && (Tx != NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) {

x =16 * LeftMBIndexOfTile[Tx + 1]/ dx —2

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y],
ImagePlane[i][x][y+1], ImagePlane[i][x+1][y+1],
ImagePlane[i][x+2][y+1], ImagePlane[i][x+3][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x+1][y+2],
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SecondLevelOverlapFiltering() {

Reference

ImagePlane[i][x+2][y+2], ImagePlane[i][x+3][y+2],
ImagePlane[i][x][y+3], ImagePlane[i][x+1][y+3],
ImagePlane[i][x+2][y+3], ImagePlane[i][x+3][y+3]}

OverlapPostFilter4x4(arrayLocal[ ])

9.9.8.1

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

ImagePlane[i][x][y+1] = arrayLocal[4]

TrmagePtarefiifx ity —araytocaif5i

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]

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 != NumTileRdws — 1)) {
/* Left edge for soft tiles */

y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2

x =16 * LeftMBIndexOfTile[Tx] / dx

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x][y+l];
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x][y+1] = arrayLocal[1]

ImagePlane[i][x][y+2] = arrayLocal[2]

ImagePlane[i][x][y+3] = arrayLocal[3]

x =16 * LeftMBIndexOfTile[Tx] / dx #1

arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ .}y

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x][y+1]<=arrayLocal[ 1]

]
ImagePlane[i][x][y+2] & arrayLocal[2]
ImagePlane[i][x][y+3] = arrayLocal[3]

}

if (HARD_TICING FLAG ==FALSE) && (Tx !=NumTileCols — 1) && (Ty == 0)) {
/* Top _edge for soft tiles */

x = 16* LeftMBIndexOfTile[Tx + 1]/ dx — 2

ye=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]

ImagePlanelilx+11~x1 = arravl ocall 1]
f=] | N JLJ T L

ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

y = 16 * TopMBIndexOfTile[Ty] / dy + 1

arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLocal[ ])

9.9.8.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x+1][y] = arrayLocal[1]

ImagePlane[i][x+2][y] = arrayLocal[2]

ImagePlane[i][x+3][y] = arrayLocal[3]
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SecondLevelOverlapFiltering() { Reference
if (HARD_TILING_FLAG == FALSE) && (Tx == NumTileCols — 1) &&
(Ty !=NumTileRows — 1)) { /* Right edge for soft tiles */
y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2
x =16 * LeftMBIndexOfTile[Tx + 1] /dx — 2
arrayLocal[ | = {ImagePlane[i][x][y], ImagePlane[i][x][y+1],
ImagePlane[i][x][y+2], ImagePlane[i][x][y+3]}

OverlapPostFilter4(arrayLocal[ ]) 9.9.8.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x][y+1] = arrayLocal[1]

ImagePlane[i][x][y+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[ ]) 9.918.2

ImagePlane[i][x][y] = arrayLocal[0]

ImagePlane[i][x][y+1] = arrayLocal[1]

ImagePlane[i][x][y+2] = arrayLocal[2]

ImagePlane[i][x][y+3] = arrayLocal[3]

}

if (HARD_TILING_FLAG ==FALSE) && (Tx != NumTileCols — 1)-&&
(Ty == NumTileRows — 1)) { /* Bottom edge for soft tiles */
x =16 * LeftMBIndexOfTile[Tx + 1]/ dx — 2
y =16 * TopMBIndexOfTile[Ty + 1]/ dy — 2
arrayLocal[ ] = {ImagePlane[i][x][y], ImagePlane[i][x+1][y],

ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}
OverlapPostFilter4(arrayLocal[ ]) 9.918.2
ImagePlane[i][x][y] = arrayLocal[0]
ImagePlane[i][x+1][y] = arrayLocal[ 1]
ImagePlane[i][x+2][y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]
y =16 * TopMBIndexOfTile[ Ty + 1{¥dy — 1
arrayLocal[ ] = {ImagePlane[i][x}{y], ImagePlane[i][x+1][y],
ImagePlane[i][x+2][y], ImagePlane[i][x+3][y]}

OverlapPostFilter4(arrayLacal[ ]) 9.918.2
ImagePlane[i][x][y] = afrayLocal[0]
ImagePlane[i][x+1][y] ="arrayLocal[1]
ImagePlane[i][x+2|[y] = arrayLocal[2]
ImagePlane[i][x+3][y] = arrayLocal[3]

9.9.7 , Jnverse transform basic operations

9.9.7.1 1CT4x4()

NOTE 1 — The 2D ICT4x4( ) is built using the three operators: T2x2h, InvTodd and InvToddodd, preceded by the permutation
function InvPermute. After the initial permutation, the transform operation consists of two stages, where each stage operates on all
16 of the input values.
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The function ICT4x4( ) is specified by the pseudocode in Table 160.

Table 160 — Pseudocode for function ICT4x4()

ICT4x4(iCoeff] ]) { Reference
/* Permute the coefficients */
InvPermute(iCoeft] ]) 9.9.7.5

/* First stage */

arrayLocal[ ] = {iCoeff[0], iCoeff] 1], iCoeff[4], iCoeff[5]}
T2x2h(arrayLocal[ ], 1) 9.9.7.2
TCOcCI[U] = artayLocal[0]

iCoeff] 1] = arrayLocal[1]

iCoeft[4] = arrayLocal[2]

iCoeff[5] = arrayLocal[3]

arrayLocal[ ] = {iCoeff][2], iCoeft]3], iCoeff] 6], iCoeff] 7]}
InvTodd(arrayLocal[ ]) 9.9.7.3
iCoeff[2] = arrayLocal[0]

iCoeff[3] = arrayLocal[1]

iCoeff[6] = arrayLocal[2]

iCoeft] 7] = arrayLocal[3]

arrayLocal[ ] = {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[ ] = {iCoefi[10], iCoeff] 11], iCoeff[14], iCoeft] 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[ ] = {iCoeft]0], iCoeft]3], iCoeff],12]) iCoeff[15]}
T2x2h(arrayLocal[ ], 0) 9.9.7.2
iCoeft[0] = arrayLocal[0]

iCoeff[3] = arrayLocal[1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoefl]5];1Coeft]6], iCoeff]9], iCoeff[ 10]}
T2x2h(arrayLocal[ ], 0) 9.9.7.2
iCoeff[5] = arrayLoeal[0]

iCoeff[6] = arraylecal[1]

iCoeft]9] = aprayl.ocal[2]

iCoeff] 10} arrayLocal[3]

arrayLocalf~] = {iCoeft] 1], iCoeft]2], iCoeff]13], iCoeff[14]}
T2x2h(arrayLocal[ ], 0) 9.9.7.2
iCoeft] 1] = arrayLocal[0]

iCoeff[2] = arrayLocal[1]

iCoeff[13] = arrayLocal[2]

1Coeti[14] = arrayLocal| 3 |

arrayLocal[ ] = {iCoefl[4], iCoef]7], iCoeff[8], iCoeff[11]}
T2x2h(arrayLocal[ ], 0) 9.9.7.2
iCoeff[4] = arrayLocal[0]
iCoeff] 7] = arrayLocal[1]
iCoeft[8] = arrayLocal[2]
iCoeff[11] = arrayLocal[3]

NOTE 2 — Each stage consists of four 2x2 transforms which may be done in any arbitrary sequence, or concurrently, within the
stage. However, the first-stage transforms must be complete before any of the second-stage transforms are initiated.
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9.9.7.2 T2x2h()
The function T2x2h( ) is specified in Table 161.

NOTE — The variable valRound is a rounding control variable. The value of valRound is set to 0 or 1 by the function that invokes
T2x2h( ). The inverse of T2x2Th( ) is two successive applications of T2x2Th, operating on variables of the array iCoeff] ] with the
same value of valRound.

Table 161 — Pseudocode for function T2x2h( )

T2x2h(iCoeff] ], valRound) { Reference
iCoeffl0] +=iCoeff]3]
iCoeff[1] —= iCoeff]2]
valT1 = ((iCoeff]0] — iCoeff] 1] + valRound) >> 1)
valT2 = iCoeff]2]
iCoeff]2] = valT1 — iCoefl]3]
iCoeff[3] = valT1 — valT2
iCoeff[0] —= iCoeff[3]
iCoefif]1] += iCoeff]2]

9.9.7.3 InvTodd()
The function InvTodd( ) is specified by the pseudocode in Table 162.

Table 162 — Pseudocode for function InviFodd( )

InvTodd(iCoeff] ]) { Reference
iCoeff] 1] += iCoefi]3]
iCoeff] 0] —= iCoeff]2]
iCoeff[3] —= (iCoeff[ 1] >> 1)
iCoeff[2] += ((iCoeff[0] + 1) >> 1)
iCoeff]0] —= ((3* iCoeff]1] + 4) >>.3)
J
]
]

iCoeff[ 1] += ((3* iCoeff[0] +£.4)>> 3)
iCoeff[2] —= ((3* iCoeff[3]k4) >> 3)
iCoeff[3] += ((3* iCoefff2] +4) >>3
iCoeff[2] —= ((iCoeff[ N+ 1) >> 1)

iCoeff[3] = ((iCoeff[0] + 1) >> 1) — iCoeff[3]
iCoeff] 1] += iCoefi]2]

iCoeff[0] —= 1€0eff] 3]

;

9.9.7.4 InvToddodd()
THe function, InvToddodd(M)4s 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
iCoelI[0] —= valTl
iCoeff[ 1] += valT2

iCoeff[0] —= ((iCoeff[ 1] * 3 + 3) >>3)
iCoeff[1] += ((iCoeff[0] * 3 + 3) >>2)
iCoeff[0] —= ((iCoeff[ 1] * 3 + 4) >> 3)
iCoeff[1] —= valT2

iCoeff[0] += valTl

iCoeff]2] += iCoeff] 1]

iCoeff[3] —= iCoeff]0]

iCoeff[ 1] = —iCoeff[1]

] =

iCoeff]2] = —iCoeff]2]
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9.9.7.5 InvPermute()

The function InvPermute( ) operates on an ordered array of 16 sample values, producing a permuted list. The input to this
function is the ordered array arraylnput[i], for i ranging from 0 to 15. The output of this function is the re-ordered array
arraylnput[i].

To define the permutation, the array InvPermArr[i] is specified, for i ranging from 0 to 15, in Table 164.

Table 164 — Inverse Permutation

i InvPermArrli]
0 0
1 8
2 4
3 13
4 2
5 15
6 3
7 14
8 1
9 12
10 5
11 9
12 7
13 11
14 6
15 10

The fun¢tion InvPermute( ) is specified as in Table 165.

Table 165 — Pseudocode for'function InvPermute( )

IhvPermute(arraylnput| |) { Reference
for i=0;i<=15;i++)
arrayTemp[InvPermArr[i]] = arraylnputfi]
for 1=0;1<=15;i++)
arrayInput[i] = arrayTemp][i]

9.9.7.6 | InvPermute2pt()

The fungtion InvPermute2pt(’) operates on an ordered array of 2 sample values, producing a permuted list. The inpuf to
this fun¢tion is the ordered array arraylnput[i], for i ranging from O to 1. The output of this function is the re-ordefed
array arffaylnput[i].

The fun¢tion InvPermute2pt( ) is specified as in Table 166.

Table 166 — Pseudocode for function InvPermute2pt()

InvPermute2pt() { Reference
arrayTemp[0] = arrayInput[1]
arrayTemp[1] = arrayInput[0]
for 1=0;i<=1;i++)

arraylnput[i] = arrayTemp][i]
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9.9.7.7 T2pt()
The function T2pt( ) is specified by the pseudocode in Table 167.

Table 167 — Pseudocode for function T2pt()

ISO/IEC 29199-2:2012(E)

T2pt(iCoeff] |) {

Reference

iCoeff[0] —= (iCoefi[1]+1) >> 1

iCoeff] 1] += iCoeff]0]

9.9.8

Overlap filtering functions

9.9.8.1 OverlapPostFilterdx4()
The function OverlapPostFilter4x4( ) is specified in Table 168.

Table 168 — Pseudocode for function OverlapPostFilter4x4(;)

OverlapPostFilter4x4(iCoeff] ]) {

Reference

arrayLocal[ ] = {iCoeft[0], iCoeft]3], iCoefi]12], iCoeff[ 15]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[0] = arrayLocal[0]

iCoeff[3] = arrayLocal[ 1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[ 1], iCoeff]2], iCoeff[13], iCoctf] 14]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[ 1] = arrayLocal[0]

iCoeff[2] = arrayLocal[ 1]

iCoeff[13] = arrayLocal[2]

iCoeff[14] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[4], iCoeff]7])iCoeft]8], iCoefi]11]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[4] = arrayLocal[0

]
iCoeff[7] = arrayLocal[ 1]

iCoeff[8] = arrayLocal[2]

iCoeff[11] = arrayl'gcal[3]

arrayLocal[ ] 7{iCoeff[5], iCoeft[6], iCoeft]9], iCoefi]10]}

T2x2h(arrayLocal[ ], 0)

9.9.7.2

iCoeff[ 5} =arrayLocal[0]

iCoeff[6]= arrayLocal[ 1]

1Coeff}9] = arrayLocal[2]

1Coeff[10] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[13], iCoeff][12]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[13] = arrayLocal[0]

iCoeff[12] = arrayLocal[1]

arrayLocal[ ] = {iCoefl]9], iCoeft]8]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[9] = arrayLocal[0]

iCoeff[8] = arrayLocal[ 1]

arrayLocal[ ] = {iCoefl]7], iCoeft]3]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[7] = arrayLocal[0]

iCoeff[3] = arrayLocal[ 1]

arrayLocal[ ] = {iCoefl[6], iCoeft]2]}

InvRotate(arrayLocal[ ])

9.9.8.5

iCoeff[6] = arrayLocal[0]

iCoeff[2] = arrayLocal[ 1]

arrayLocal[ ] = {iCoeff[10], iCoeff]11], iCoeff[ 14], iCoefi[15]}
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OverlapPostFilter4x4(iCoeff] ]) {

Reference

InvToddoddPOST(arrayLocal[ ])

9.9.8.8

iCoeff[10] = arrayLocal[0]

iCoeff[11] = arrayLocal[1]

iCoeff[14] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoeff]0], iCoeft]15]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[0] = arrayLocal[0]

iCoeff[15] = arrayLocal[1]

arrayLocal] | = J1Coel| 1], iCoeH] 147

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[1] = arrayLocal[0]

iCoeff[14] = arrayLocal[1]

arrayLocal[ ] = {iCoeff[4], iCoefi]11]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[4] = arrayLocal[0]

iCoeff[11] = arrayLocal[1]

arrayLocal[ ] = {iCoeff]5], iCoeft]10]}

InvScale(arrayLocal[ ])

9.9.8.6

iCoeff[5] = arrayLocal[0]

iCoeff[10] = arrayLocal[1]

arrayLocal[ ] = {iCoeft[0], iCoeft]3], iCoeff]12], iCoeff[ 15]}

T2x2hPOST(arrayLocal[ ])

9.9.8.7

iCoeff[0] = arrayLocal[0]

iCoeff[3] = arrayLocal[ 1]

iCoeff[12] = arrayLocal[2]

iCoeff[15] = arrayLocal[3]

arrayLocal[ ] = {iCoefi[ 1], iCoeft]2], iCoeff]13], iCoeff[14]}

T2x2hPOST(arrayLocal ])

9.9.8.7

iCoeff[ 1] = arrayLocal[0]

iCoeff[2] = arrayLocal[ 1]

iCoeff[13] = arrayLocal[2]

iCoeff[14] = arrayLocal[3]

arrayLocal[ ] = {iCoeff[4], iCoeff] 7]3.iCoeft] 8], iCoefi]11]}

T2x2hPOST(arrayLocal[ ])

9.9.8.7

iCoeff[4] = arrayLocal[0]

iCoeff[7] = arrayLocal[ 1]

iCoeff[8] = arrayLocal[2]

iCoeff[11] = arrayLoeal[3]

arrayLocal[ ] = {iCoeff[5], iCoeft[6], iCoeft]9], iCoefi]10]}

T2x2hPOST(arrayllocall ])

9.9.8.7

iCoeff[5] =-arcayLocal[0
iCoeff[6}= arrayLocal[ |

]
]
iCoeff[9]= arrayLocal[2]

iCoeff}10] = arrayLocal[3]
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9.9.8.2 OverlapPostFilterd()
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)
iCoeff[2] —= ((iCoeff[1] + 1) >> 1)
InvScale(iCoeff[0], iCoeff][3]) 9.9.8.6
InvScale(iCoeff[ 1], iCoeft]2]) 9.9.8.6
iCoeff[0] += ((iCoeff[3] * 3+ 4) >> 3)

iCoeff[1] += ((iCoeff][2] * 3 + 4) >> 3)

iCoeff[3] —= (iCoeff[0] >> 1)

iCoeff][2] —= (iCoeff[1] >> 1)

iCoeff[0] += iCoeff[3]

iCoeff[ 1] += iCoeff]2]

iCoeff]3] = —iCoeff]3]

iCoeff[2] = —iCoeff]2]

InvRotate(iCoeft]2], iCoeff]3]) 9.9.8.5

iCoeff]3] += ((iCoeff[0] + 1) >> 1)
iCoeff]2] += ((iCoeff[ 1] + 1) >> 1)
iCoeff[0] —= iCoeff[3]
iCoeff[1] —= iCoeff]2]

9.9.8.3 OverlapPostFilter2x2()
The function OverlapPostFilter2x2( ) is specified in Table '170.

Table 170 — Pseudoc¢ode for function OverlapPostFilter2x2()

OverlapPostFilter2x2(iCoeff] |) { Reference
iCoeff]0] $=1Coefi]3]
iCoeff] 1] #= iCoefi]2]
iCo8ff}3] —= ((iCoeft]0
iCoeff[2] —= ((iCoeff] 1
iCoeff[ 1] += ((iCoeff]0
1Coeff[0] += ((iCoeff] 1
iCoeff[0] += (iCoeff[ 1] >> 5)
iCoeff[0] += (iCoeff[ 1] >> 9)

iCoeff[0] += (iCoeft[ 1] >> 13)

1+
]
1
] -
1-

+1)>>1)
+ 1)>> 1)
+2) >>2)
+1)>>1)

— = — =

iCoeff[ 1] += ((iCoeff[0] + 2) >> 2)
iCoeff]3] += ((iCoeft[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.

9.9.8.5
The fun

9.9.8.6
The fun

9.9.8.7
The fun

150

Table 171 — Pseudocode for function OverlapPostFilter2()

OverlapPostFilter2(iCoeff] |) {

Reference

iCoeff] 1] += ((iCoeft[0] + 2) >>2)

iCoeff[0] += ((iCoeff[1] + 1) >> 1)

iCoeff[0] += (iCoeff[ 1] >> 5)

al £A01 L (O L1 0O

uuuuuu TOT \SAAAZE I | v

iCoeff[0] += (iCoefi[ 1] >> 13)

iCoeff[ 1] += ((iCoeff[0] + 2) >> 2)

InvRotate()

InvScale()

T2x2hPOST()

tion InvRotate( ) is specified by the pseudocode in Table 172.

Table 172 — Pseudocode for function InvRotate( )

InvRotate(iCoeff] ]) {

Reference

iCoeff[0] —= ((iCoeff[1] + 1) >>1)

iCoeff[ 1] += ((iCoeff 0] + 1) >> 1)

tion InvScale( ) is specified by the pseudocode in Table 7.3+

Table 173 — Pseudocodefor function InvScale( )

InvScale(iCoeff[ ]) {

Reference

iCoeff]0] += iGoefi]1]

iCoeff] 1] =(iCokff] 0] >> 1) — iCoeff] 1]

iCoeff[0] =) (iCoeff]1] * 3 + 0) >> 3

iCoeff] I]+= (iCocff[0] * 3 + 0) >> 4

iCoeff] 1] += (iCoeft]0] >> 7)

iCocff] 1] —= (iCoeff[ 0] >> 10)

tion T2x2hPOSTT() is specified by the pseudocode in Table 174.

Table 174 — Pseudocode for function T2x2hPOST()

T2x2hPOST(iCoeff] |) {

Reference

iCoeff] 1] —= iCoeff]2]

TCocfffo——(Cocfff31*3+4>>3

iCoeff[3] —= (iCoeff[1] >> 1)

iCocff]2] = ((iCocfff0] — iCoeff[ 1]) >> 1) — iCoeff[2]

valT1 = iCoeff[2]

iCoeff][2] = iCoeff]3]

iCoeff]3] = valTl
iCoeff[0] —= iCoeff]3]
iCoeff[ 1] += iCoeff]2]
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9.9.8.8 InvToddoddPOST()
The function InvToddoddPOST( ) is specified by the pseudocode in Table 175.

Table 175 — Pseudocode for function InvToddoddPOST()

InvToddoddPOST(iCoeff] |) { Reference
iCoeff]3] += iCoefi]0]
iCoeff]2] —= iCoeff[ 1]
valT1 =iCoeff[3] >> 1

9.
Th
int
9.
Th

Figst, the decoder may be required to perform upsanipling to obtain an intermediate YUV444 format. Next, cold

co
be
int
co
ne

9.

At
co
im
Ny
pri
TH
arg

In

iCoeff[0
iCoeff] 1
iCoeff[0
iCoeff] 1
iCoeff[0
iCoeff] 1
iCoeff[0
iCoeff]2
iCoeff]3

—=valTl

+=valT2

—= (iCoeff[1] * 3 + 6) >>3
+= (iCoeff[0] * 3 +2) >>2
—= (iCoeff[1] *3+4)>>3
—=valT2

+=valTl

+=iCoefi] 1]

—= iCoeff]0]

— — = — = — = — =

10 Output formatting

e final stage of the decoder consists of converting the sample‘values reconstructed in the internal forms
ended output format as specified in subclause 9.10.2.

0.1 Overview

is subclause is informative: it is not an integral part ofithis Specification.

hversion is applied to convert the internal colot formats to output formats. The color format conversions are
ow. A bias is added to the sample values,.to re-center the values around the nominal value for a neutral
ensity representation. When the scaling anode is used, on the decoder side, the values are rounded down af]
hversion. For high numerical range formats (BD16, BD16S, BD32S and BD32F), the internal integer repres
pd to be converted to output representations. Finally, the values are clipped to fit the appropriate range.

0.2  Output formatting stage

the completion of the transform and overlap filtering, the sample values for the image are reconstructed in an
or format and an interfidl two's complement integer representation. The output formatting stage converts the
pee plane data intd) a representation specified by the OUTPUT _CLR FMT and the output bit depth
pcification of output formatting, the term INTERNAL CLR FMT refers to the corresponding syntax eleme
mary image plane.

e output-formatting process is specified for the combinations of OUTPUT BITDEPTH and OUTPUT _CLR _H
listed\irr Table 176.

t to the

r format
pecified
or zero
er color
ntations

internal
decoded

In the
nt of the

MT that

this table, "+" indicates that output formatting is specified for the corresponding combinatjons of

OUTPUT BIT DEPTH and OUTPUT CLR _FMT. The combination of OUTPUT BIT DEPTH and
OUTPUT _CLR_FMT shall not have the value corresponding to empty cells.
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Table 176 — Conformance-specified output formatting combinations of OUTPUT_BITDEPTH and
OUTPUT_CLR_FMT

OUTPUT _BITDEPTH |OUTPUT CLR FMT
YONLY [YUV420 |YUV422 [YUV444 |RGB |RGBE [CMYK [CMYKDIRECT |[NCOMPONENT
BDIWHITEI1 +
BDIBLACKI1 +
BD5 +
BD565 +
BDS8 + + + + + + + + +
BDI10 . =+ +
BD16 + + + + + + +
BD16S + + +
BDI16F + +
BD32S + +
BD32F + +

The output formatting stage consists of several sub-processes that are performed as specified in Table 177.

Table 177 — Pseudocode for function OutputFormatting()

QutputFormatting() { Reference
SamplingConversion( ) 9.10.3.1
ConvertInternal ToOutputCIrFmt( ) 9.10.4.1
AddBias() 9.10.5
ComputeScaling( ) 9.10.6
PostscalingProcess( ) 9.10.7.1
ClippingAndPackingStage( ) 9.10.8.1

:

9.10.3

9.10.3.1 General

Sampling conversion

The sanjpling conversion process is specified jnTable 178.

The compbinations of INTERNAL CLR _EMT and OUTPUT CLR FMT for which sampling conversions are speciffed
for confprmance purposes are specified-jirTable 179. In this table, "+" indicates that no sampling conversion is requirgd.
It is a requirement of codestream conformance to this Specification that the combination of INTERNAL CLR FMT 4nd
OUTPUT CLR_FMT shall not hayea value corresponding to any empty cell in Table 179.

In the

illustrated case insTable 178 in which upsampling is specified both vertically and horizontally

for

INTERNAL CLR FMT equal to YUV420, the upsampling process to be performed by the decoder shall produce|an
array of|two-dimensiopally’upsampled samples at the index values for which such samples are produced as specified|by
Table 178. Howeverjdecoders may use alternative upsampling methods (different from that specified by Table 178) — fhe
actual filtering méthod used to produce the values of the entries in the upsampled array is outside the scope of this
Specificption. The particular filtering method specified by Table 178 is an example of how such upsampled array valgyes
may be produced. For example, upsampling may be applied both vertically and horizontally as a single process, or fhe
relative prdering 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 may 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( )

9.

In
ori

SamplingConversion( ) { Reference
if (OINTERNAL _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
}
s
Table 179 — Conformance-specified sampling conversions
OUTPUT _CLR_FMT INTERNAL CLR FMT
YONLY YUV420 YUV422 YUV444 YUVK NCOMPONHENT
YONLY +
YUV420 +
YUV422 +
YUV444 + Upsample() |Upsample() |+
in the vertical |in the
and horizontal | horizontal
directions direction
RGB with + Upsample( ) |Upsample() [
OUTPUT BITDEPTH in the vertical |in the
equal to BD5, BD565, and horizontal | horizontal
BDS8, BD10, BD16, directions direction
BD16S or BD32S
RGB with +
OUTPUT_BITDEPTH
equal to BD16F or
BD32F
RGBE +
CMYK +
CMYKDIRECT +
NCOMPONENT +

10.3.2 Upsample()

ho
sa

lerjgth ExtenhdedHeight[0], and iOriLength is set equal to ExtendedHeight[i].

The upsampling process to be performed by the decoder shall produce an array of upsampled samples at the inde
foit which such samples are produced as specified by Table 180. However, decoders may use alternative ups

the chroma upsampling function, for the chroma component i (I <= i < NumComponents), let iOriArray[
ginal sample array-before upsampling, and ilntArray[ ] be the upsampled array. If upsampling is performg
Fizontal direction; 1OriArray[ | is one input sample row of length ExtendedWidth[i] and ilntArray[ | is onl
ple row of length ExtendedWidth[0], and the variable iOriLength is set equal to ExtendedWidth[i]. Otherwise,
iOfiArray[ ] is efie input sample column of length ExtendedHeight[i] and ilntArray[ ] is one output sample cd

] be the
d in the
e output

lumn of

X values

ampling

methods (different from that specified by Table 180) — the actual filtering method used to produce the values of the
entries in the upsampled array is outside the scope of this Specification. The particular filtering method specified by
Table 180 is an example of how such upsampled array values may be produced. For example, a different type of filtering
or a different number of taps may be used during the upsampling process than the two-tap filtering specified by
Table 180.
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153


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

ISO/IEC 29199-2:2012(E)

Table 180 — Pseudocode for function Upsample( )

Upsample( ) {

Reference

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

iH[3] * iOriArray[k] + 4) >> 3)

ilntArray[2 * k] = ((iH[2] * iOriArray[Max(0, k — 1)] +

ilntArray[2 * k + 1] = (({H[0] * iOriArray[k] +

iH[1] * iOriArray[Min(iOriLength — 1, k + 1)] +4) >> 3)

The valyies of the filter coefficients iH[0], iH[1], iH[2], iH[3] for the chroma positions are specified by Table\I81 aj

12}
[}

function| of the variable chromaCentering. If Upsample( ) is applied in the horizontal direction, chromaCentering is [set

equal to|/CHROMA CENTERING_X; otherwise, it is set equal to CHROMA CENTERING Y.

Table 181 — Upsampling filter coefficient for different chroma positions

chromaCentering | iH[0] | iH[1] [ iH[2] | iH[3]
0 4 4 0 8
1 5 3 1 7
2 6 2 2 6
3 7 1 3 5
4 8 0 4 4

154

© ISO/IEC 2012 — All rights reserved


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

9.10.4 Conversion from INTERNAL CLR_FMT to OUTPUT_CLR_FMT

9.10.4.1 Overview

The conversion process proceeds as specified in Table 182.
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Table 182 — Pseudocode for function ConvertInternalToOutputClrFmt( )

ConvertInternal ToOutputClrFmt( ) {

Reference

if (INTERNAL_CLR_FMT == YUVK) &&

Th
Sp
is
thg
IN|

(fﬂ ITPUT CLR _EMT = = FRHVY\)

InvColorFmtConvert3()

9.10.4.4

clse if (INTERNAL_CLR_FMT == YUVK) &&
(OUTPUT CLR FMT == CMYKDIRECT))

InvColorFmtConvert4( )

9.10.4.5

else if (INTERNAL_CLR_FMT == YONLY) &&
(OUTPUT CLR FMT ==RGB))

InvColorFmtConvert1()

910.4.2

clse if (INTERNAL_CLR_FMT = = YUV444) ||
(INTERNAL CLR_FMT == YUV422) ||
(INTERNAL_CLR_FMT == YUV420)) &&
((OUTPUT CLR FMT ==RGB) || (OUTPUT CLR FMT == RGBE)))

InvColorFmtConvert2( )

9.10.4.3

clse if (INTERNAL_CLR_FMT == YONLY) &&
((OUTPUT_CLR_FMT == YUV444) | | (OUTPUT_CLR_FMT = = YUV422) | |
(OUTPUT CLR FMT = = YUV420))) {

if (OUTPUT_CLR_FMT ==YUV420)

chromaHeight = ExtendedHeight[0] / 2

else

chromaHeight = ExtendedHeight[0]

if (OUTPUT CLR FMT = = YUV422) || (OUTRUI: CLR_FMT = = YUV420))

chromaWidth = ExtendedWidth[0] / 2

else

chromaWidth = ExtendedWidth[0]

for(i=1;1<3;i+t)

for (y = 0; y < chromaHeight; y*/)

for (x = 0; x < chromaWidth; x++)

ImagePlane[i][x][y].= 0 /* Ensure that chroma is inferred as zero */

e combinations of INTERNAL CLR FMT and OUTPUT CLR FMT for which color format convers
pcified for conformanee purposes are specified in Table 183. In this table, "+" indicates that no color format co
Fequired. For cases/that require color format conversion, the function name for the conversion process is sp¢

table cell« It is a requirement of codestream conformance to this Specification that the combin,
TERNALCCER FMT and OUTPUT CLR FMT shall not have a value corresponding to any empty cell in Ta

ons are
hversion
cified in
htion of
ble 183.
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Table 183 — Conformance-specified color format conversions

OUTPUT _CLR _FMT INTERNAL CLR FMT
YONLY YUV420 YUV422 YUV444 YUVK NCOMPONENT
YONLY +
YUV420 +
YUV422 +
YUV444 + + + +
RGB with InvColorFmt |InvColorFmt [InvColorFmt |InvColorFmt
OUTPUT BITDEPTH Convertl() Convert2( ) Convert2( ) Convert2( )
cquak-e-BD5-BD56S
BDg, BD10, BD16,
BDI1|6S or BD32S
RGH with InvColorFmt
OUTPUT _BITDEPTH Convert2( )
equafl to BD16F or
BD3PF
RGHE InvColorFmt
Convert2( )
CMYK InvCplorFmt
Convert3()
CMYKDIRECT InvColorFmt
Convert4( )
NCOMPONENT +
The ppeudocode functions InvColorFmtConvertl(), InvColotFmtConvert2(), InvColorFmtConvert3(), 4

InvColofFmtConvert4( ) that are referred to in Table 183 are-specified in subclause 9.10.4.2, subclause 9.10.4.
subclauge 9.10.4.4, and subclause 9.10.4.5, respectively.

9.10.4.

InvColorFmtConvertl()

The opefations in InvColorFmtConvert1( ) are specified in Table 184.

Table 184 — Pseudocode for function InvColorFmtConvert1()

o

jvColorFmtConvert1() {

Reference

for (y = 0; y < ExtendedHeight{0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {

/* ImagePlane|0][x][y] G=Y */

ImagePlane[V][x][y] = ImagePlane[0][x][y] /*R=Y *

ImagePlane[2][x][y] = ImagePlane[0][x][y] /*B=Y *
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9.10.4.3 InvColorFmtConvert2()

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 = —ImagePlane[1][x][y]

X ]k

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 1=0;1<3;i++)

ImagePlane[i][x][y] = arrayOut[i]

9.10.4.4 InvColorFmtConvert3()

The operations in InvColorFmtConvert3( ) are specified in Table 186.

Table 186 — Pseudocode for function InvColorFmtConvert3()

InvColorFmtConvert3() {

Referencd

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < Extended Width[0]; x++) {

arrayOut[3] = ImagePlane[3][x][y] + Floor(ImagePlane[0][x][y] + 2)
/* k=K + Floor(Y +2) */

arrayOut[ 1] & arrayOut[3] — ImagePlane[0][x][y] —
Floor(ImagePlane[1][x][y] = 2) /* m=k — Y — Floor(U + 2) */

arrayQut]0] = ImagePlane[1][x][y] + arrayOut[1] +
Elgor(ImagePlane[2][x][y] =+ 2) /* ¢ =U + m + Floor(V + 2) */

arfayOut[2] = arrayOut[0] — ImagePlane[2][x][y]
/¥y=c—V *

for (1=0;1<4;it+t)

ImagePlane[i][x][y] = arrayOut[i]

3~
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9.10.4.5 InvColorFmtConvert4()

The operations in InvColorFmtConvert4( ) are specified in Table 187.

Table 187 — Pseudocode for function InvColorFmtConvert4( )

InvColorFmtConvert4() {

Reference

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++) {

arrayOut[3] = ImagePlane[0][x][y] /* k=Y */

Ot — 1 Dl D10 ] ok = \L3k
pes s v

Aty ottt g, ST Tat CT= Xy

arrayOut[0] = ImagePlane[1][x][y] /* ¢ =U */

arrayOut[2] = ImagePlane[3][x][y] /*y=K */

for 1=0;1<4;i++)

ImagePlane[i][x][y] = arrayOut[i]
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9.10.5 AddBias()

The function AddBias( ) specified in Table 188 performs the computation and addition of bias to the sample values.

Table 188 — Pseudocode for function AddBias( )

AddBias() {

Reference

if SCALED FLAG)

iScale =3

else

O

Ml la—
THCare o

if (OUTPUT BITDEPTH == BD5)

iBias = (1 << 4)

else if (OUTPUT BITDEPTH == BD565)

iBias = (1 << 5)

else if (OUTPUT BITDEPTH = = BDS)

iBias = (1 << 7)

else if (OUTPUT BITDEPTH == BD10)

iBias = (1 <<9)

else if (OUTPUT BITDEPTH == BDI16)

iBias = (1 << 15)

else

iBias =0

if (OUTPUT BITDEPTH == BD16) | [ (OUTPUT BITDEPTH == BD}6S) | |
(OUTPUT BITDEPTH = = BD32S))

iBias = (iBias >> SHIFT BITS)

if (OUTPUT_CLR_FMT == RGB) || (OUTPUT_CLR_FMT =< YUV444) | |
(OUTPUT_CLR_FMT == YUV422) | | (OUTPUT_CLR3EMT == YUV420) | |
(OUTPUT_CLR_FMT == YONLY) || (OUTPUT_CLRFMT = = NCOMPONENT) | |
(OUTPUT CLR_FMT = = CMYKDIRECT)) {

if (OUTPUT_CLR_FMT == RGB) || (OUTPUT.ELR_FMT = = YUV444) ||
(OUTPUT CLR FMT == YUV422) | | (QUTPUT 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]

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) /* ¢, m, y */

for (y = 0; y < ExtendedHeight[0]; y++)

for (x = 0; x < ExtendedWidth[0]; x++)

ImagePlane[3][x][y] —= ((iBias >> 1) <<iScale) /* k */
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9.10.6 ComputeScaling()

The function ComputeScaling( ) specified in Table 189 performs the computation of the scaling factor iScale, and the
rounding factor iRoundingFactor, and modifies sample values based on these two factors.

Table 189 — Pseudocode for function ComputeScaling( )

ComputeScaling() { Reference
iScale =0
iRoundingFactor = 0

L LQOAT DN DT A (
T OCTY DD T 7Y )

iScale =3

if (OUTPUT_BITDEPTH == BD5) | | (OUTPUT_BITDEPTH = = BD565) | |
(OUTPUT_BITDEPTH == BDS) | | (OUTPUT_BITDEPTH ==BD10) ||
(OUTPUT_BITDEPTH ==BD16S) | | (OUTPUT_BITDEPTH == BDI6F) | |
(OUTPUT BITDEPTH == BD32S) || (OUTPUT BITDEPTH == BD32F))
iRoundingFactor = 3

else if (OUTPUT_BITDEPTH ==BDI1WHITE1) | |
(OUTPUT BITDEPTH ==BDIBLACKI) || (OUTPUT BITDEPTH == BDI16))
iRoundingFactor = 4

i
if (OUTPUT_CLR FMT ==RGB) | | (OUTPUT _CLR FMT ==RGBE) ||
(OUTPUT _CLR_FMT ==YUV444) || (OUTPUT_CLR FMT ==YUV422)}
(OUTPUT _CLR_FMT == YUV420))
outputComponents = 3
else
outputComponents = NumComponents
for (i = 0; i < outputComponents; i++) {
if (1> 0) && (OUTPUT _CLR_FMT = = YUV420))
outputHeight = ExtendedHeight[0] / 2
else
outputHeight = ExtendedHeight[0]
if (1>0) &&
((OUTPUT CLR FMT ==YUV422) || (OUTPUT CLR FMT == YUV420)))
outputWidth = ExtendedWidth[0] / 2
else
outputWidth = Extended Width[0]
if (OUTPUT BITDEPTH == BD565)) && (i !=1))
jScale = iScale + 1
else
jScale = iScale
for (y = 0; y < outputHeight; y++)
for (x = 0; x <outputWidth; x++)
ImagePlaneli][x][y] = ((ImagePlane[i][x][y] + iRoundingFactor) >> jScale)
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9.10.7 Postscaling process

9.10.7.1 Overview

The function PostscalingProcess( ) is specified in Table 190.

9.

Table 190 — Pseudocode for function PostscalingProcess( )

PostscalingProcess() {

Reference

if (OUTPUT CLR_FMT == RGBE)

forfo=20

-, ExtendedHetaht O] szt
+OF-Y y=~—EXteRaearretERtroY +

for (x = 0; x < ExtendedWidth[0]; x++) {

for (k=0; k <3; k++t)

localArrayIn[k] = ImagePlane[k][x][y]

PostScalingF2(localArrayOut| ], localArrayIn[ ]) /* Produces 4 outputs for 3 inputs */

9.10:7.4

for (k=0; k <4; k++t)

ImagePlane[k][x][y] = local ArrayOut[k]

}

else {

if (OUTPUT_CLR_FMT == RGB) || (OUTPUT_CLR_FMT == YUV444) | |
(OUTPUT CLR FMT == YUV422) || (OUTPUT CLR FMT == YUV420))

outputComponents = 3

else

outputComponents = NumComponents

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

if (> 0) && (OUTPUT CLR FMT == YUV420))

outputHeight = ExtendedHeight[0] / 2

else

outputHeight = ExtendedHeight[0]

if (i>0) &&
((OUTPUT CLR FMT == YUV422) | | (OUTPUT CLR FMT = = YUV420)))

outputWidth = ExtendedWidth[0] / 2

else

outputWidth = Extended Width[0]

if (OUTPUT BITDEPTH == BD16) | [ (OUTPUT BITDEPTH == BDI6S) | |
(OUTPUT BITDEPTH = = BD32S))

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

for (x = 0; x < outputWidth; x++)

ImagePlane[i][x][y] = PostScalingInt(ImagePlane[i][x][y])

9.10.7.2

else if (OUTPUT BITDEPTH == BD32F) | [ (OUTPUT BITDEPTH = = BD16F))

for (y = 0; § <outputHeight; y++)

for (X'+0; x < outputWidth; x++)

ImagePlane[i][x][y] = PostScalingFl(ImagePlane[i][x][y])

9.10.7.3

10.7.2 ‘PostScalingInt( )

SRR DIRC

Tt

value outX is determined as specified in Table 191.

Table 191 — Pseudocode for function PostScalingInt( )

PostScalingInt(inX) { Reference
outX = inX << SHIFT BITS
return outX

© ISO/IEC 2012 — All rights reserved
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NOTE - In this manner, the output is moved from a 27-bit or 24-bit nominal range scaling to the range scaling specified for image
reconstruction. The 27-bit range scaling applies when the data is scaled, and the 24-bit range scaling applies when the data is

unscaled.

9.10.7.3 PostScalingFI()

When OUTPUT_BITDEPTH is equal to BD32F or BD16F, the integer sample value iX is converted to a value fV that
can be interpreted as a floating point representation.

The Pos

ScalingFI( ) process computes the value fV as specified in Table 192

Table 192 — Pseudocode for function PostScalingFIl( )

=~

ostScalingFI(iX) {

Reference

if (iX < 0)

iS=1

else

iS=0

if (OUTPUT BITDEPTH == BDI6F) {

iEM = Min(Abs(iX), 32767)

fV = ((iS << 15) | iEM) /* Concatenate these fields*/

} else { /* OUTPUT BITDEPTH = = BD32F */

iX = Abs(iX)

iE = (iX >> LEN_ MANTISSA)

iM = ((iX & ((1 << LEN_MANTISSA) — 1)) | (1 << LEN MANTISSA))

if(E==0) {
iM ~= (1 << LEN_MANTISSA)
iE=1

}

iE =iE — EXP BIAS + 127

while ((iM < (1 << LEN_MANTISSA)) && (iE > 1)&& (iM > 0)) {

iE—=1

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 */

H

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 arrayln[ ] (R, G, and B) are
converted to an array arrayOut[ ] of four integer values forming the RGBE representation (Rrgbe, Grgbe, Brgbe and
Ergbe). The function PostScalingF2( ) specified in Table 193 performs the conversion.

Table 193 — Pseudocode for function PostScalingF2()

PostScalingF2(arrayOut| ], arrayln| ) { Reference
/* arrayIn[ ]= {R, G, B} */
- aua_yCut[ ]7 {F\isbc, Gls:JC, Bls‘UC, Elsl}c}
if (arrayIn[0] <= 0) {
arrayOut[0] =0
iEr=0
} else if ((arrayIn[0] >>7) > 1) {
arrayOut[0] = (arrayIn[0] & Ox7F) + 128
iEr = (arrayIn[0] >> 7)
} else {
arrayOut[0] = arrayIn[0]
iEr=1

X

!

if (arrayIn[1] <= 0) {
arrayOut[1] =0
iEg=0

} else if ((arrayIn[1] >>7) > 1) {
arrayOut[1] = (arrayIn[1] & Ox7F) + 128
iEg = (arrayIn[1] >>7)

} else {
arrayOut[ 1] = arrayIn[1]
iEg=1

}

if (arrayIn[2] <= 0) {
arrayOut[2] =0
iEb=0

} else if ((arrayIn[2] >>7) > 1) {
arrayOut[2] = (arrayIn[2] & Ox7F) + 128
iEb = (arrayIn[2] >> 7)

} else {
arrayOut[2] = arrayIn[2]
iEb=1

i
arrayOut[3] = Max(iEr, Max(iEg, iEb))
if (arrayOut[3}>TEr) {
iShift = (drrayOut[3] — iEr)
arrayOut[0] = ((2 * arrayOut[0] + 1) >> (iShift + 1))

!
if (artayOut[3] > iEg) {
1Shift = (arrayOut[3] —iEg)
arrayOut[1] = ((2 * arrayOut[1] + 1) >> (iShift + 1))

}
T tarrayOutf31=>1Eb) <
iShift = (arrayOut[3] — iEb)
arrayOut[2] = ((2 * arrayOut[2] + 1) >> (iShift + 1))
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9.10.8 Clipping and packing stage

9.10.8.1 General

The ClippingAndPackingStage( ) process by which clipping, packing, and windowing are performed is specified in
Table 194. The clipping ensures that the sample values are constrained to the appropriate range. The packing process
packs multiple samples into single variables for some values of OUTPUT BITDEPTH. The windowing process uses the
LEFT _MARGIN, TOP MARGIN, WIDTH MINUS1 and HEIGHT MINUSI1 syntax elements to discard the data
outside of the image area that is to be output.

——Tablte194—=Pseuduvcodefor functiomr ClippingAmdPackingStage()

ClipglingAndPackingStage() { Reference
iff(OUTPUT_CLR_FMT ==RGB) &&
((OUTPUT_BITDEPTH ==BDSY) | | (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

fdr (i = 0; i < outputArrays; i++) {

if (1 > 0) && (OUTPUT CLR FMT == YUV420)) {
outputHeight = (HEIGHT MINUS1 +1)/2
n=TOP MARGIN/2

} else {
outputHeight = HEIGHT MINUSI + 1
n=TOP MARGIN

}
if (1>0) &&
((OUTPUT _CLR FMT ==YUV422) || (OUTPUT CLR FMT ==YUV420))) {
outputWidth = (WIDTH_MINUSI +1)/2
m=LEFT MARGIN /2
} else {
outputWidth = WIDTH_MINUSL +1
m=LEFT MARGIN
}
if (OUTPUT _BITDEPTH = =BD8) | | (OUTPUT _BITDEPTH == BDI16) | |
(OUTPUT BITDEPTH ==BD16Y3))
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 (OUTPYT 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], 9.10.8.3
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])
| _else if (OUTPUT BITDEPTH == BDS5)
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePlane[i][x][y] = ClipAndPackBD5(ImagePlane[0][x + m][y + n], 9.10.8.4
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])
else if (OUTPUT BITDEPTH ==BD10)
if (OUTPUT CLR _FMT ==RGB)
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePlane[i][x][y] = ClipAndPackBD10(ImagePlane[0][x + m][y + n], 9.10.8.5
ImagePlane[1][x + m][y + n], ImagePlane[2][x + m][y + n])

else
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ClippingAndPackingStage() { Reference
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePlane[i][x][y] = ClipAndPackBD10(ImagePlane[i][x + m][y + n], 0, 0) 9.10.8.5
else if (OUTPUT BITDEPTH == BDI1WHITE!]) || (OUTPUT BITDEPTH == BDI1BLACKI))
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 */
tor (p =U; p < pNumg p++)
valList[p] = ImagePlane[i][x + m + p][y + n]
ImagePlane[i][x >> 3][y] = ClipAndPackBD1BorW(valList) 9.10.8.4
H
else /* OUTPUT BITDEPTH equal to BD16F, BD32F, or BD32S */
for (y = 0; y < outputHeight; y++)
for (x = 0; x < outputWidth; x++)
ImagePlane[i][x][y] = ImagePlane[i][x + m][y + n]
}
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 == BDS) {
iLow=0
iHigh = 255
} else if (OUTPUT BITDEPTH = =BDI6) {
iLow =0
iHigh = 65535
} else if (OUTPUT BIFDEPTH ==BDI16S) {
iLow = —32768
iHigh = 32767
}
iResult = Clip(iSample, iLow, iHigh) /* Clip within the range iLow to iHigh */
return iResult
I
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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, il, i2) {

iLow =0

iHigh = 31

i0 = Clip(i0, iLow, iHigh)

2D — ClanD o1 L
T THPT=

L1 AY
Heewe—HHtehy
iLow =0

iHigh = 63

i1 = Clip(il, iLow, iHigh)

iResult =10 + (il <<5) + (i2 << 11)

return iResult

9.10.8.4 ClipAndPackBD5()
The psepdocode function ClipAndPackBD5( )is specified in Table 197.

Table 197 — Pseudocode for function ClipAndPa¢kBD5( )

ClipAndPackBD5(i0, il, i2) {

iLow =0

iHigh = 31

i0 = Clip(i0, iLow, iHigh)

i2 = Clip(i2, iLow, iHigh)

il = Clip(il, iLow, iHigh)

iResult =i0 + (il <<5) + (i2 << 10)

return iResult

9.10.8.5 ClipAndPackBD10()
The pseyidocode function ClipAndPackBD10( ) is specified in Table 198.

Table 198 — Pseudocode for function ClipAndPackBD10()

ClipAndPackBD10(iSample0, iSamplel, iSample2) {

iLow'=0

iHish = 1023

if(OUTPUT CLR FMT ==RGB) {

i0 = Clip(iSample0, iLow, iHigh)

il = Clip(iSamplel, iLow, iHigh)

i2 = Clip(iSample2, iLow, iHigh)

R 4 — 0 L (1 10N L (D 20)
HCOStTT o T TO) S o)

} else

iResult = Clip(iSample0, iLow, iHigh)

return iResult
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9.10.8.6 ClipAndPackBD1BorWw()
The pseudocode function ClipAndPackBD1BorW( ) is specified in Table 199.

Table 199 — Pseudocode for function ClipAndPackBD1BorW()

ClipAndPackBD1BorW(valList) {
/* valList[0] holds the value associated with the first sample value in the scan order, and
valList[7] holds the value associated with the last sample value in the scan order */
valList[0] = Clip(valList[0], 0, 1)
szall in&[l] = {"‘h’p(‘ all 1'af[1]’ f\’ 1)
valList[2] = Clip(valList[2], 0, 1)
valList[3] = Clip(valList[3], 0, 1)
valList[4] = Clip(valList[4], 0,
valList[5] = Clip(valList[5], 0
valList[6] = Clip(valList[6], 0,
valList[7] = Clip(valList[7], O,
if (OUTPUT BITDEPTH == BDIBLACKI)
iResult = (1 — valList[7]) + ((1 — valList[6]) << 1) + ((1 — valList[5]) <<2) +
((1 — valList[4]) << 3) + ((1 — valList[3]) << 4) + ((1 — valList[2])&<<5) +
((1 — valList[1]) << 6) + ((1 — valList[0]) << 7)
else /* OUTPUT BITDEPTH == BDIWHITEI */
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

General

This arnlex specifies a format for files containing JPEG XR images. It uses syntax structures (IFD_ENTRY/( ) structyj

as speci
be refer]
identifie
NOT]
EXIH
of so

NOT]

contgining JPEG XR images.

NOT]

arbitfary data (formatted in a manner not specified by this annex) may also be present at locatiens within the file that lie betw|

or be]
NOT

The FIL
position

The varl
the valul
FileSize]

For pury
memory|
A2
The folll

the edifion cited applies. For undated treferences, the latest edition of the referenced document (including 4§

amendn]
A.2.1
None.

A.2.2

None.

A23

fied in subclause A.7) that each contain a syntax element (FIELD TAG as specified in subclause A.7.2)that
fed to as a tag. Therefore, this file format is referred to as being tag-based. The value of the tag seryes as
I of the type of data contained in the syntax structure that is associated with the tag.

F 1 — The file format specified in this annex is based on that specified for use in ISO 12234-2, ISO 12639, TIFF 6.0,

e functional components designed for reading, writing, and otherwise making use of such files.
E 2 — This specification of this file format does not preclude the existence of alternative file format specifications for fj

FE 3 — When a file is formatted as specified in this annex, in addition to the syntax structures, that are specified by this anr

ond the locations in the file that contain the syntax structures specified by this annex:
F 4 — The use of the filename extension ".jxr" is suggested for files conforming to the*file format specified in this annex.

E HEADER( ) syntax structure specified in subclause A.5 shall be{present at the beginning of the file (at b,
0).

able FileSizeIlnBytes is considered to be equal to the total number of bytes in the file. The method of determint
e of FileSizeInBytes is determined by the application and»is not specified in this Specification. The value
[nBytes shall not exceed 2°2 — 1.

oses of this Specification, a decoder is assumed tobe capable of either storing the entire file in random acc
or performing random access seek operations to access the data at arbitrary specified positions in the file.

Normative references

pwing referenced documents are indispensable for the application of this document. For dated references, o
ents) applies.

Identical Recommendations | International Standards

Paired Recommendations | International Standards equivalent in technical content

Additional references

[CS
an
an

nd

2.2, and is intended to provide a form of consistency and compatibility with those Specifications — e.g."to"enable the shargjing

les

ex,
ben

te

ng
of

CSS

-1

BOZIEC 10646:2003, Information technology — Universal multiple-octet coded character set (UCS) Annex

D:

CS Transformation Format 8 (UTF-8).

— IEC 60559:1989, Binary floating-point arithmetic for microprocessor systems.

A3

Definitions

For the purposes of this annex to this Recommendation | International Standard, the following definitions apply. In this
subclause, italic font formatting is used to identify all occurrences of terms that are defined in this subclause or in
clause 3.

A3.1

168

interleaved alpha image plane: /mages with the value of ALPHA IMAGE PLANE FLAG set equal
to 1 have an interleaved alpha image plane.
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A3.2 separate alpha image plane: /mages with optional alpha image plane and the value of
ALPHA IMAGE PLANE FLAG set equal to zero have a separate alpha image plane. For such images, data relating to
the alpha image plane is present in the CODED IMAGE( ) syntax structure specified by the ALPHA OFFSET syntax
element.

A.3.3 universal multiple-octet coded character set transformation format 8 (UTF-8): The 8-bit character
set encoding specified in ISO/IEC 10646 Annex D.

A4 Abbreviations

1 Fat Il DR Y Jmr = . 1-Q 1 1l £l . 13 e 1
F UIT PUIrposcs O UILS dlIIICA U HILS NCCOIHIIITICIIUAdUOIT T HIICTTIAUOIal Stdlitald, tIC 10O WIITE dUUITVIAUOILS dpPpPl .

CIE Commission Internationale de 1'Eclairage (International Commission on Illumination)
FCC Federal Communications Commission
ICC International Color Consortium

NTSC National Television System Committee

RP Recommended Practice

UUID  Universal Unique Identifier (as specified by ISO/IEC 11578)
SMPTE Society of Motion Picture and Television Engineers

UTF Universal multiple-octet coded character set Transformation Eermat (as specified by ISO/IEC|10646)

AE FILE_HEADER()

.1 Syntax structure

The FILE HEADER( ) syntax structure is specified by Table A

Table A.1 - FILE_HEADER( ) syntax structure

FILE HEADER() { Descriptor Reference
FIXED FILE HEADER II 2BYTES u(16) A5.2
FIXED FILE HEADER 0XBC BYTE u(8) A5.3
FILE VERSION ID u(8) A.5.4
FIRST IFD OFFSET le(32) A.5.5

H

A5.2 FIXED FILE HEADER II 2BYTES
FIKED FILE HEADERZH 2BYTES shall be equal to 0x4949.

AB.3 FIXED-FILE HEADER 0XBC BYTE
FIKED FILE~HEADER _0XBC_BYTE shall be equal to 0xBC.

AS.4 , 'FILE_VERSION_ID

FILEZVERSION ID shall be equal to 1. Other values of FILE VERSION ID are reserved for future use, as modified in
additional parts or amendments, by ITU-T | ISO/IEC.

A.S5.5 FIRST_IFD_OFFSET

FIRST IFD OFFSET specifies the byte position, relative to the beginning of the file, of the first
IMAGE FILE DIRECTORY( ) syntax structure (subclause A.6) in the file. The value of FIRST IFD OFFSET shall be
an integer multiple of 2.
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A.6
A.6.1

IMAGE_FILE_DIRECTORY()

Syntax structure

The IMAGE FILE DIRECTORY( ) syntax structure is specified by Table A.2.

Table A.2 — IMAGE_FILE_DIRECTORY( ) syntax structure

IMAGE FILE DIRECTORY() { Descriptor Reference
NUM_ENTRIES le(16) A.6.2
for-GNuwnEntries—0;

iNumEntries < NUM_ENTRIES;
iNumEntries++)
IFD ENTRY() Al
ZERO OR NEXT IFD OFFSET le(32) A.6.3
I

NUM_ENTRIES

NUM_HNTRIES specifies the number of entries in the IMAGE FILE DIRECTORY() syntax structyre.

NUM_HNTRIES shall not be equal to 0. The value 0 for NUM_ENTRIES is reserved forfuture use by ITU-T | ISO/IEC.

The valge of ZERO OR NEXT IFD OFFSET shall be an intéger multiple of 2.

Decoderls may ignore any IMAGE FILE DIRECTORY( ) syntax structures at locations in the file specified by 4§
ZERO OR NEXT IFD OFFSET syntax element.

A7
A7.1

The IFQ) ENTRY( ) syntax structure-is specified by Table A.3.

ZERO OR _NEXT IFD OFFSET
DR_NEXT IFD OFFSET is interpreted as follows:

therwise, ZERO OR NEXT IFD OFFSET specifies the byte position, relative to the beginning of the file
the next IMAGE_FILE DIRECTORY( ) syntax structuretin the file.

IFD_ENTRY()

Syntax structure

Table A.3 —IFD_ENTRY() syntax structure

IFD ENTRY() { Descriptor Reference
FIELD ' TAG le(16) A.7.2
ELEMENT TYPE le(16) A.7.3
NUM ELEMENTS le(32) A.7.4
VALUES OR OFFSET le(32) A.7.5

}

If ZERO OR NEXT IFD OFFSET is equal to 0, < this indicates that no  additiopal
IMAGE FILE DIRECTORY( ) syntax structures are present in, the file.
(

The interpretation and presence of syntax elements of the IFD ENTRY/( ) syntax structure is specified in Table A.4. The
data associated with a FIELD TAG value is interpreted as the value of the syntax element or syntax structure in the
column of the table with the heading "Syntax element or syntax structure". The term "variable" is used in the table to
indicate cases in which NUM_ELEMENTS may have any value corresponding to the quantity of associated data. The
column of the table with the heading "Presence" is interpreted as follows.

"Required" specifies that the FIELD TAG value shall be present in an IFD _ENTRY( ) syntax structure of each

170

IMAGE_FILE DIRECTORY( ) syntax structure in the file.
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— "Optional" indicates that the FIELD_ TAG value may or may not be present in an IFD_ENTRY/( ) syntax structure
of each IMAGE FILE DIRECTORY( ) syntax structure in the file.

IFD entries with combinations of FIELD TAG, ELEMENT TYPE, and NUM_ELEMENTS that do not appear in
Table A.4, with the FIELD TAG value in the range of 0x1000 to Ox3FFF and 0x5000 to Ox7FFF are reserved for future
use by ITU-T | ISO/IEC. Decoders shall ignore (parse and discard) any IFD_ENTRY( ) syntax structures in which such
combinations appear.

NOTE 1 - The purpose of the specification for decoders to ignore IFD entries with such combinations of FIELD TAG,
ELEMENT TYPE, and NUM_ELEMENTS is to enable the future definition of a backward-compatible usage of additional
combinations.

IFD entries with combinations of FIELD TAG, ELEMENT TYPE, and NUM_ELEMENTS that do notyappear in
Taple A.4, with the FIELD TAG value in the range of 0x0000 to 0xOFFF, 0x4000 to 0x4FFF, and 0x8000 to\0XHFFF are
avjpilable for unspecified use and interpretation as determined by the application. Decoders shall pdrse any
IFp ENTRY() syntax structures in which such combinations appear and, for purposes relevant.to det¢grmining
copformance to this Specification, shall ignore these syntax structures. Any use of such FIELD (BAG values $hall not
afflect the expressed requirements for conformance to this Specification. Additionally, ITU-T jand TSO/IEC rederve the
abllity to potentially specify uses for such FIELD TAG values in future revisions of this Specification.

NOTE 2 - Since interpretation of such FIELD TAG values may be application-specific, it is,recommended to remove [any such
IFD_ENTRY( ) syntax structures that have unknown interpretations when transferring files bétween differing application [domains.

NOTE 3 — The use of a field tag value equal to 0x02BC in tag-based encoded files\(suich as files formatted accprding to
ISO 12234-2, ISO 12639, TIFF 6.0, or EXIF 2.2), is specified in section 5 of the Adebe¢ Extensible Metadata Platforin (XMP)
specification. The use of a field tag value equal to 0x8769 is specified in section 4:63/of the JEITA EXIF 2.2 specificgtion. The
use of a field tag value equal to 0x8773 is specified in section B.3 of the JEC 'ICC.1 specification and in sectign B.4 of
ISO 15076-1, which specify two versions of ICC profile data. The provisien ‘te allow these field tag values to be present is
intended to allow the use of the XMP, EXIF 2.2, ICC.1 and ISO 15076~1 specifications with files encoded accordipg to this
Specification (without imposing normative conformance requirements related to such use). The use of ICC profile datalis further
discussed in Annex C.
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ISO/IEC 29199-2:2012(E)

Table A.4 — Interpretation, allowed combinations, and presence of
syntax elements of the IFD_ENTRY( ) syntax structure

FIELD TAG ELEMENT_TYPE | NUM_ELEMENTS Syntax element or Presence
syntax structure
0x010D UTF8 variable DOCUMENT NAME Optional
0x010E UTFS8 variable IMAGE_DESCRIPTION Optional
0x010F UTF8 variable EQUIPMENT MAKE Optional
0x0110 UTF8 variable EQUIPMENT MODEL Optional
0x011D UTE8 variable PAGE NAME Optional
0x0129 USHORT 2 PAGE_NUMBER Optional
0x0131 UTF8 variable SOFTWARE NAME VERSION Optional
0x0132 UTFS8 20 DATE TIME Optional
0x013B UTF8 variable ARTIST NAME Optional
0x013C UTF8 variable HOST _COMPUTER Optional
0x8298 UTEF8 variable COPYRIGHT NOTICE Optional
0xA001 USHORT 1 COLOR_SPACE Optional
0xBCO1 BYTE 16 PIXEL FORMAT Required
0xBC02 BYTE, USHORT, 1 SPATIAL XFRM_PRIMARY Optional
or ULONG
0xBC04 ULONG 1 IMAGE_TYPE Optional
0xBCO05 BYTE 4 PTM COLOR INEO() Optional
0xBC06 BYTE variable PROFILE LEVEL) CONTAINER() Optional
0xBC80 BYTE, USHORT, 1 IMAGE_WIDTH Required
or ULONG
0xBC81 BYTE, USHORT, 1 IMAGE_HEIGHT Required
or ULONG
0xBC82 FLOAT 1 WIDTH RESOLUTION Optional
0xBC83 FLOAT 1 HEIGHT RESOLUTION Optional
xBCCO0 BYTE, USHORT, 1 IMAGE OFFSET Required
or ULONG
0xBCC1 BYTE, USHORT, 1 IMAGE BYTE_COUNT Required
or ULONG
xBCC2 BYTE, USHORT, 1 ALPHA OFFSET Optional
or ULONG
0xBCC3 BYTE, USHORT, 1 ALPHA BYTE COUNT Optional
or ULONG
0xBCC4 BYTE 1 IMAGE BAND PRESENCE Optional
0xBCC5 BYTE 1 ALPHA BAND PRESENCE Optional
xEAIC UNDEFINED variable PADDING DATA Optional
A.7.2 |FIELD TAG
FIELD [TAG idenfifies the data contained in the IFD ENTRY( ) syntax structure. When the IFD _ENTRY( ) synfax
structur¢ is notsthe first IFD ENTRY( ) syntax structure of the IMAGE FILE DIRECTORY( ) syntax structure, fhe
value off FIELD "TAG shall be greater than the value of FIELD TAG in the preceding IFD ENTRY/( ) syntax structfire
of the IMAGE FILE DIRECTORY( ) syntax structure.
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