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Foreword

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

This part of ISO/IEC 18477 specifies a coded codestream format for storage of continuous-tone high and
low dynamic range photographic content. JPEG XT part 6 is a scalable image coding system supporting
multiple component images consisting of integer samples of a bit precision between 9 and 16 bits. The
format itself is based on the Box Based format specified in ISO/IEC 18477-3, which ensures that legacy
applications conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 are able to reconstruct a lower quality,
low dynamic range, eight bits per sample version of the image.

Today, the most Wldely used dlgltal photography format a minimal lmplementatlon of JPEG (specified
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JPEGXT is primarily designed to provide coded data<ontaining intermediate dynamic raf
colour gamut content while simultaneously providing 8 bits per pixel low dynamic range i
tools|defined in ISO/IEC 18477-1, which is itself assubset of Rec. ITU-T T.81 | ISO/IEC 1091B-1. The goal
is to provide a backwards compatible coding spécification that allows legacy applicationsfand existing

toolchains to continue to operate on codestreams conforming to this part of ISO/IEC 18477.
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IEC 10918-1 to extend the functionality of the legacy JPEG Coding System. It is o
e and transmission of intermediate dynamic range and wide colour gamut imagq

art of ISO/IEC 18477 is an extension of ISO/IEC 18477-1, a compression system fo
igital still images’/which is backwards compatible with Rec. ITU-T T.81 | ISO/IEC 1
acy applications conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 will be able to
streams generated'by an encoder conforming to this part of ISO/IEC 18477, though will
be abjle to reconstruct such streams in full dynamic range, full quality or other features d¢
Recommendation| International Standard.
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reconstruct
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This part’of ISO/IEC 18477 is itself based on ISO/IEC 18477-3 which defines a box-basef file format
similar to other JPEG standards. The aim of this part of ISO/IEC 18477 is to provide a migration path
for legacy applications to support, potentially in a limited way, coding of intermediate dynamic range
images, that is images represented by sample values requiring 9 to 16 bits precision. While the legacy
Rec. ITU-T T.81 | ISO/IEC 10918-1 already defines a coding mode for 12 bit sample precision, images
encoded in this mode cannot be decoded by applications implementing only the 8 bit mode. Unlike
the legacy standard, this part of ISO/IEC 18477 defines a scalable coding engine supporting all bit
depths between 9 and 16 bits per sample while also staying compatible with legacy applications. Such
applications will continue to work, but will only able to reconstruct an 8 bit standard low dynamic
range (LDR) version of the full image contained in the codestream. This part of ISO/IEC 18477 specifies
a coded file format, referred to as JPEG XT, which is designed primarily for storage and interchange of
continuous-tone photographic content.
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INTERNATIONAL STANDARD ISO/IEC 18477-6:2016(E)

Information technology — Scalable compression and
coding of continuous-tone still images —

Part 6:
IDR Integer Coding

1 Scope

This part of ISO/IEC 18477 specifies a coding format, referred to as JPEG XT, which(is designed primarily
for cqntinuous-tone photographic content.

2 l]loormative references

The flollowing documents, in whole or in part, are normatively reférénced in this document and are
indispensable for its application. For dated references, only the)edition cited applies. For undated
refergnces, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 18477-1:2015, Information technology — Scalablezcompression and coding of continyous-tone still
image¢s — Part 1: Scalable compression and coding of continuous-tone still images

ISO/IEC 18477-3:2015, Information technology — S¢alable compression and coding of continyous-tone still
images —Part 3: Box-based file format

Rec. [TU-T T.81 | ISO/IEC 10918-1, Informatiohtechnology — Digital compression and coding pf continuous
tone §till images — Requirements and guidelines

Rec. ITU-T BT.601, Studio encoding parameters of digital television for standard 4:3 and widg screen 16:9
aspedt ratios

3 Terms and definitions, abbreviated terms, and symbols

3.1 |Terms and definitions

For the purposes of this document, the following definitions apply.

3.1.1
AC cqefficient
any QCGT eoefficient for which the frequency is not zero in at least one dimension

3.1.2
ASCII encoding
encoding of text characters and text strings according to ISO/IEC 10646-1

3.1.3

base decoding path

process of decoding legacy codestream and refinement data to the base image, jointly with all further
steps until residual data is added to the values obtained from the residual codestream

3.14

base image

collection of sample values obtained by entropy decoding the DCT coefficients of the legacy codestream
and the refinement codestream, and inversely DCT transforming them jointly

© ISO/IEC 2016 - All rights reserved 1
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3.1.5
binary decision
choice between two alternatives

3.1.6
bitstream
partially encoded or decoded sequence of bits comprising an entropy-coded segment

3.1.7
block
8 x 8 array of samples or an 8 x 8 array of DCT coefficient values of one component

3.1.8
box

structured cpllection of data describing the image or the image decoding process embedded)into g

multiple APR11 marker segments
Note 1 to entyly: See ISO/IEC 18477-3:2015, Annex B for the definition of boxes.

3.1.9
byte
group of 8 bits

3.1.10
coder
embodimen{ of a coding process

3.1.11
coding
encoding or decoding

3.1.12
coding model
procedure ufed to convert input data into symbols to be coded

3.1.13
(coding) process
general tern] for referring to an encoding process, a decoding process, or both

3.1.14
compression
reduction infthe number of bits used to represent source image data

3.1.15
component

two-dimensjonal array of samples having the same designation in the output or display device

Note 1 to entry AT immage typicaily CoOnSiSts Of SEVeTral COMPOTEItS, €.8- Ted, BIEelT, aid biue-

3.1.16
continuous-tone image
image whose components have more than one bit per sample

3.1.17
DC coefficient
DCT coefficient for which the frequency is zero in both dimensions

3.1.18
decoder
embodiment of a decoding process

ne or

2 © ISO/IEC 2016 - All rights reserved
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3.1.19
decoding process
process which takes as its input compressed image data and outputs a continuous-tone image

3.1.20
dequantization
inverse procedure to quantization by which the decoder recovers a representation of the DCT coefficients

3.1.21
discrete cosine transform
DCT

eitherthe forward discrete cosine transform or the inverse discrete cgsine transform

3.1.2p
downsampling
proc¢dure by which the spatial resolution of a component is reduced

3.1.28
encofler
embddiment of an encoding process

3.1.2¢1
encofling process
procgss which takes as its input a continuous-tone image and outputs compressed image dpta

3.1.2p
entr¢gpy-coded (data) segment
indegendently decodable sequence of entropy encoded bytes of compressed image data

3.1.2p
entr¢py decoder
embddiment of an entropy decoding procedure

3.1.27
entr¢gpy decoding
losslgss procedure which recovers-the sequence of symbols from the sequence of bits profluced by the
entrdpy encoder

3.1.2
entr¢py encoder
embddiment of an entopy encoding procedure

3.1.2p
entrgpy encoding
losslgss procedure which converts a sequence of input symbols into a sequence of bits guch that the
averdgenumber of bits per symbol approaches the entropy of the input symbols

3.1.30
grayscale image
continuous-tone image that has only one component

3.1.31
high dynamic range
image or image data comprised of more than eight bits per sample

3.1.32
Huffman decoder
embodiment of a Huffman decoding procedure

© ISO/IEC 2016 - All rights reserved 3
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3.1.33
Huffman decoding

entropy decoding procedure which recovers the symbol from each variable length code produced by

the Huffman encoder

3.1.34
Huffman encoder
embodiment of a Huffman encoding procedure

3.1.35
Huffman encoding
entropy enceding procedure

3.1.36
intermediate dynamic range
image or image data comprised of more than eight bits per sample

3.1.37
joint photog
JPEG
informal name of the committee which created this part of ISO/IEC 18477

raphic experts group

Note 1 to entyly: The “joint” comes from the ITU-T and ISO/IEC collaboration.

3.1.38
legacy codestream

collection of markers and syntax elements defined by Rec.\ITU-T T.81 | ISO/IEC 10918-1 bar
additional syntax elements defined by the family ISO/IEC18477 standards, i.e. the legacy codest
consists of the collection of all markers except those APPqj)markers that describe JPEG XT boxes |
syntax defined in ISO/IEC 18477-3:2015, Annex A

3.1.39
legacy decoding path

collection of| operations to be performed on the entropy coded data as described by Rec. ITU-T
ISO/IEC 109[18-1 jointly with the Legacy Refinement scans before this data is merged with the reg
data to form|the final output image

b any
ream
y the

.81 |
idual

o the
nents

Rec.

3.1.42
lossless

descriptive term for encoding and decoding processes and procedures in which the output of the

decoding procedure(s) is identical to the input to the encoding procedure(s)

3.1.43
lossless coding

mode of operation which refers to any one of the coding processes defined in this part of ISO/IEC 18477

in which all of the procedures are lossless

Note 1 to entry: See ISO/IEC 18477-8.

4 © ISO/IEC 2016 - All rights re

served


https://iecnorm.com/api/?name=5545f4885385d99e45ad1db20fb7c1d2

ISO/IEC 18477-6:2016(E)

3.1.44
lossy
descriptive term for encoding and decoding processes which are not lossless

3.1.45
low dynamic range
image or image data comprised of data with no more than eight bits per sample

3.1.46
marker

two-byte code in which the first byte is hexadecimal FF and the second byte is a value between 1 and
hexadecimal FE

inates, e.g. a

rocess

ata box and
hage to form

sample values as reconstructed by inverse quantization and inverse DCT transformation applied to the
entropy-decoded coefficients described by the residual scan and residual refinement scans

3.1.55

residual scan

additional pass over the image data invisible to legacy decoders which provides additive and/or
multiplicative correction data of the legacy scans to allow reproduction of high dynamic range or wide
colour gamut data

3.1.56

refinement scan

additional pass over the image data invisible to legacy decoders which provides additional least
significant bits to extend the precision of the DCT transformed coefficients

© ISO/IEC 2016 - All rights reserved 5
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3.1.57
sample
one element

3.1.58

in the two-dimensional image array which comprises a component

sample grid
common coordinate system for all samples of an image

Note 1 to entry: The samples at the top left edge of the image have the coordinates (0,0), the first coordinate
increases towards the right, the second towards the bottom.

3.1.59

scan
single pass t

3.1.60
scan headel

hrough the data for one or more of the components in an image

marker segment that contains a start-of-scan marker and associated scan parametersithat are coq

the beginnin

3.1.61
superbox
box that cari

3.1.62

table specif|
coded repre
destinations

3.1.63

g of a scan

ies other boxes as payload data

ication data
bentation from which the tables used in the encoder and decoder are generated and
specified

(uniform) gmantization

procedure b

3.1.64
upsampling
procedure b

3.1.65

y which DCT coefficients are linearly scaled in order to achieve compression

y which the spatial resolution-of a component is increased

vertical sampling factor

relative nunj
data units in

3.1.66
zero byte
0x00 byte

3.1.67

ber of vertical data‘inits of a particular component with respect to the number of ve
the other components in the frame

led at

their

rtical

zig-zag sequence
specific sequential ordering of the DCT coefficients from (approximately) lowest spatial frequency to

highest

3.2 Symbols

X Width of the sample grid in positions
Y Height of the sample grid in positions

Nf  Number of components in an image

six Subsampling factor of component in horizontal direction

© ISO/IEC 2016 - All rights re
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Siy Subsampling factor of component in vertical direction

H;i  Subsampling indicator of component in the frame header
Vi  Subsampling indicator of component in the frame header
vxy Sample value at the sample grid position x,y

Ry Additional number of DCT coefficient bits represented by refinement scans in the legacy decod-
ing path, 8+Ry, is the number of non-fractional bits (i.e. bits in front of the “binary dot”) of the
output of the inverse DCT process in the legacy decoding path.

Ry |Additional number of DCT coefficient bits represented by refinement scans in the fegidual decod-
ing path. P+R} is the number of non-fractional bits of the output of the invers DCT, prgcess in the
residual decoding path, where P is the frame-precision of the residual image as.recorlded in the
frame header of the residual codestream.

Rp |Additional bits in the HDR image. 8+Rb is the sample precision of thereconstructed HDR image.

3.3 |Abbreviated terms

For the purposes of this part of ISO/IEC 18477, the following abbfeViated terms apply.
ASCIY American Standard Code for Information Interchange

LSB | Least Significant Bit

MSB | Most Significant Bit

HDR | High Dynamic Range

IDR | Intermediate Dynamic Range

LDR | Low Dynamic Range

TMO| Tone Mapping Operator

DCT | Discrete Cosine Transformation

4 (onventions

4.1 |Conformiance language

This part{of ISO/IEC 18477 consists of normative and informative text.

£3 + PPNy YN + lLaal daot 3 4 TL. d Sl 11
Norntativetextisthattextwhich eXpressesmanaatoryrequrements e wora—sirarr s us dto express

mandatory requirements strictly to be followed in order to conform to this part of ISO/IEC 18477 and
from which no deviation is permitted. A conforming implementation is one that fulfils all mandatory
requirements.

Informative text is text that is potentially helpful to the user, but not indispensable and can be removed,
changed, or added editorially without affecting interoperability. All text in this part of ISO/IEC 18477
is normative, with the following exceptions: The Introduction, any parts of the text that are explicitly
labelled as “informative”, and statements appearing with the preamble “NOTE” and behaviour described
using the word “should”. The word “should” is used to describe behaviour that is encouraged but is not
required for conformance to this part of ISO/IEC 18477.

The keywords “may” and “need not” indicate a course of action that is permissible in a conforming
implementation.

© ISO/IEC 2016 - All rights reserved 7


https://iecnorm.com/api/?name=5545f4885385d99e45ad1db20fb7c1d2

ISO/IEC 18477-6:2016(E)

The keyword “reserved” indicates a provision that is not specified at this time, shall not be used, and
may be specified in the future. The keyword “forbidden” indicates “reserved” and in addition indicates
that the provision will never be specified in the future.

4.2 Operators

NOTE Many of the operators used in this part of ISO/IEC 18477 are similar to those used in the C
programming language.

4.2.1 Arithmetic operators

+ Addftion
- Subtraction (as a binary operator) or negation (as a unary prefix operator)
*  Mulfiplication

/  Divigion without truncation or rounding

4.2.2 Logical operators
||  Logifcal OR
&& Logical AND
! Logical NOT
€ x€{A B}isdefinedas(x==A||x= =B)

¢ x¢&{A B}isdefinedas (x!=A&&x!=B)

4.2.3 Relgtional operators
>  Gredter than
>= Gredter than or equal to
< Lesslthan
<= Less|than or equal to
== Equglto

= Notequal to

4.2.4 Preg¢edence order of operators

Operators are listed below in descending order of precedence. If several operators appear in the same
line, they have equal precedence. When several operators of equal precedence appear at the same level

8 © ISO/IEC 2016 - All rights reserved
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in an expression, evaluation proceeds according to the associativity of the operator either from right to
left or from left to right.

Operators Type of operation Associativity
0. [1- Expression Left to Right

- Unary negation

*/ Multiplication Left to Right
+ - Addition and Subtraction Left to Right
<, >, 4=, >= Relational Left to Right

4.2.5| Mathematical functions

[X“ Ceil of x. Returns the smallest integer that is greater than or equal to x.

'.XJ Floor of x. Returns the largest integer that is lesser than or equal to x.

[x] Absolute value, is -x for x < 0, otherwisé x.

sign(y) Sign of x, 0 if x is zero, +1 if x is positive, -1 if x is negative.

clampy(x,min,max) Clamps x to the range [min,max}’Returns min if x < min, max if x > max or dtherwise x.
xa Raises the value of x to the'\power of a. x is a non-negative real number, a is 4 real number.

xa is equal to exp[a x log(x)] where exp is the exponential function and log() the natural
logarithm. If x is 0 dnd’a is positive, x2 is defined to be 0.

5 (General

The purpose of this Clause.isto give an informative overview of the elements specified in this part of
ISO/IEC 18477. Anotherpurpose is to introduce many of the terms which are defined in Clduse 3. These
terms are printed in jtalics upon first usage in this Clause.

Ther¢ are three elements specified in this part of [ISO/IEC 18477.

a) An encadenis an embodiment of an encoding process. An encoder takes as input digital source
image-data and encoder specifications, and by means of a specified set of procedures generates as
dutput’codestream.

b) A decoder is an embodiment of a decoding process. A decoder takes as input a codestream, and by
means of a specified set of procedures generates as output digital reconstructed image data.

c) The codestream is a compressed image data representation which includes all necessary data to
allow a (full or approximate) reconstruction of the sample values of a digital image. Additional data
might be required that define the interpretation of the sample data, such as colour space or the
spatial dimensions of the samples.

5.1 High level overview on JPEG XT ISO/IEC 18477-6

This part of ISO/IEC 18477 allows lossy coding of intermediate dynamic range of photographic images
in a way that is backwards compatible to Rec. ITU-T T.81 | ISO/IEC 10918-1. Decoders compliant to the
latter standard will be able to parse codestreams conforming to this part of ISO/IEC 18477 correctly,
albeit in less precision, with a limited dynamic range, and loss in sample bit precision.

© ISO/IEC 2016 - All rights reserved 9
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This part of ISO/IEC 18477 includes multiple tools to reach the above functionality, defined in Annex B
and on. Itis itself based on the file format specified in ISO/IEC 18477-3 and uses the syntax elements and
tools defined there. While ISO/IEC 18477-3 only defines a syntax, this part of ISO/IEC 18477 extends
the syntax of ISO/IEC 18477-3 to allow the representation of intermediate dynamic range images. It
also defines a decoding process that reconstructs sample values from conforming files. A high level
overview on both the syntax and the decoding will be given in this section.

The syntax of an ISO/IEC 18477-6 compliant codestream is specified in ISO/IEC 18477-3, that is, this
part of ISO/IEC 18477 uses a syntax element denoted as “box” to annotate its syntactical elements. The
definition of the box syntax element is not repeated here, and readers are referred to [SO/IEC 18477-3
for further details. Additional boxes besides those already specified in ISO/IEC 18477-3 are defined
here, in speq ific-the Residuat Bata boxthe Refimrement Databoxand-the Residuat Refimrermenthox at
the top level of the file, and various sub-boxes of the Merging Specification box defining the déopding
process. Thg Merging Specification Superbox is already defined in ISO/IEC 18477-3, all additional box
types are spgcified in Annex B.

LDR Image

=4

jse Image Chroma
decoder Upsampling

Inverse
Decorrelation

HDR Image

Base
Mapping

Ouput
Conversion

Range
adjustment

Residual Residual I
Mapping Decorrelation I

Figure 1 — Overview on the decoding process

This part of|ISOMEC 18477 extends the legacy decoding process by two mechanisms (see Figufre 1).
The Refinement Scan, specified in Annex D, increases the bit precision of the DCT coefficﬁ'ents,
i.e. it operates in the DCT domain. The mechanism used here is very similar to that of Subsequent
Approximation scans specified in Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, Annex G: A baseline,
extended or progressive Huffman scan as defined in Annex G of the legacy standard defines the 12 most
significant bits of the DCT coefficients. These initial scans are represented in the legacy codestream
and are visible for any ISO/IEC 18477-1 compliant decoder. Refinement scans decode now into up to
four additional least significant bits in the same way subsequent approximation within Rec. ITU-T T.81
| ISO/IEC 10918-1 decode least significant bits of a progressive scan pattern. The difference between
Refinement scans and Subsequent Approximation scans is only that in the latter case the number of
least significant bits is annotated in the scan header of the legacy codestream, whereas Refinement
scans are hidden from legacy applications and do not alter the scan header of the legacy codestream.
Their number is indicated in the Refinement Specification box within the Merging Specification box and
not in the legacy codestream.

Resfdual Image Chroma
decoder Upsampling
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While Refinement Scans extend the bit precision within the DCT domain by up to four bits and hence
allow backwards compatible coding of images of up to 12 bits sample precision, Residual Scans extend
the sample precision in the spatial (image) domain. While the entropy coded data of Residual Scans is
hidden in the Residual Data box from legacy applications, its decoding process is identical to that of
the legacy data: A baseline, extended or progressive Huffman scan decodes the data in the Residual
Data box to DCT coefficients, inverse quantization and inverse Discrete Cosine Transformation (DCT)
compute from these coefficients the residual image data. An image merging process, defined in
Annex A, computes from the precursor image reconstructed from the base image and the residual
image a final IDR output image. This merging process first performs chroma upsampling to reconstruct
a single sample on each point of the sample grid of the base image. Chroma upsampling is specified in
ISO/IEC 18477-1:2015, Annex A. It then converts the colour space of the base image first from YCbCr into
the Rec. TTU-T BT.60T colourspace, followed by an additional linear transformation tranforming the
Rec. ITU-T BT.601 primary colours into the primary colours of the target IDR colourspace/For practical
reasdns, these two transformations are combined into a single linear transformatiommatrik. This linear
trangformation is followed by a nonlinear point transformation acting separatelyjen‘each ¢f the output
channels sample by sample. This point transformation can be either specified, by a parameitric curve or
by an| explicit lookup table. The output of this decoding path is transformed again by an opfional colour
trangformation forming the precursor image which represents a rough“imprecise apprpximation of
the fipal IDR image, already in the correct IDR output colour space.

the residual
is extended
. Processing
boes chroma
ep performs

Procg
imag

ssing continues with the decoding of the Residual Image:'DCT coefficients of
e are decoded from the information in the Residual Data bex) and their bit precision
by additional refinement scans decoded from the data in the.Residual Refinement box
procgeds with inverse quantization and inverse DCT transformation. The output under
upsampling to generate a single sample per sample grid-¢dordinate. The next processing st
a nor

resul
deco
the t
base

To fo

linear point transformation on each of the reconstructed channels, separately for

fing in an error image in a YCbCr type of colour space. Samples undergo then an ir
relation transformation to map the sampleivalues from the intermediate YCbCr colo
hirget colourspace. This transformation isctypically identical to the transformation r
Hecoding path, but does not need to be."The result of this operation is the residual im

'm the final output image, sample4zalues of the precursor image and the residua

bach sample,
lverse linear
urspace into
natrix in the
age.

1 image are

adde
clamj

I together, plus an offset to make the residual image symmetric around zero. Resylts are then
ped to the range of the intermediate range output image.

The detailed specification of the'decoding and merging process is found in Annex A.

5.2 |(Profiles

The
Figur

Profiles define ‘the implementation of a particular technology within the functiorfal blocks of

e 1. The prefiles are described in Annex E.

5.3 |Encoder requirements

Ther¢ is'ho requirement in this part of ISO/IEC 18477 that any encoder shall support al] profiles. An
encoder is only required to meet the compliance tests and to generate the codestream according to the
syntax and to limit the coding parameters to those valid within the profile it conforms to. Profiles are
defined in Annex E.

5.4 Decoder requirements

A decoding process converts compressed image data to reconstructed image data. It may follow the
decoding operation specified in the Recommendation | International Standard and ISO/IEC 18477-1
to generate an LDR image from the legacy codestream, and it shall follow the operations in this part
of ISO/IEC 18477 to decode an IDR image from the data in the full file. The decoder shall parse the
codestream syntax to extract the parameters, the residual image and the legacy image. The parameters
shall be used to merge the residual image with the base image into the reconstructed IDR Image.

© ISO/IEC 2016 - All rights reserved 11
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In order to comply with this part of ISO/IEC 18477, a decoder

a) may convert a codestream conforming to this part of ISO/IEC 18477 without considering the
information in any box into to a low dynamic range image, and

b) shall convert a conforming codestream within the profile it claims to be conforming to into an
intermediate dynamic range image.

12 © ISO/IEC 2016 - All rights reserved
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Annex A
(normative)

Encoding and decoding process

Decoding process (normative)

Thed
anID
layer
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imag
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and t

see the tone mapped LDR image. While the base image complies to ISOAEC 18477-1 and tl

only
optio

Figur

ecoding process relies on a layered approach to extend JPEG’s capabilities. The encodér
Rimage into abase layer, which consists ofatone-mapped version of the IDR image-and an
In addition to the residual layer, the codestream includes a description of an-approxi
mapping operation that allows the decoder to reconstruct from the LDR image an appt
p; the errors of this approximation process are corrected by the residual'‘codestream
1al data box and residual refinement box (see Annex B). Both the desgription of the t
he residual image are included in boxes invisible to legacy decoders. Such decoders y

the 8-bit extended or baseline, extended or progressive Huffitan modes, the residua
hally be encoded in the 12-bit Huffman or progressive modes.

e A.1 illustrates the functionality of a compliant decoder
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Boldlines carry three (or one, for grey scale) components. Round boxes implement point-transformations,
square boxes (except B1, Bla, B5, B5a) multiplications by 3 x 3 matrices. Letters denote signal names.

Figure A.1 — High level overview of the decoding process of a compliant decoder
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This subclause specifies the reconstruction process of an intermediate dynamic range image from a
LDR image and a residual image decoders shall follow. This process consists of the following steps, see

also Figure A.1.

14

In steps B1 and Bla, reconstruct the base image from legacy codestream and the refinement
codestream if a Refinement Data box is present. Refinement coding is specified in Annex D.

In step B1 and B1a, apply the Inverse Quantization and Inverse Discrete Cosine Transformation as
in Rec. ITU-T T.81 | ISO/IEC 10918-1.

In step B2, the upsampling process specified in ISO/IEC 18477-1:2015, Annex A shall be followed to
generate samples for all positions on the sample grid.

In step [B3, the linear transformation as selected by the Base Transformation box defined in
Annex H shall be applied to inversely decorrelate the image components. Table C.1 defines which
transforjmation to pick. The output of this block consists of either one or three samplesper grid[point
0j, depending on the number of components in the base image. The output of this,transformatiion is
rounded to integers and clipped to [0,2Rh+8-1] where R}, is the number of refinement scans jn the
base image (see Annex D).

In step B4, a nonlinear point transformation shall be applied to each/of-the output compopents
0;. This|process is selected according to the Base nonlinear Point Transformation subbox If the
Merging Specification box, implementing the L; Luts of Figure 1 and\fellowing the specificatigns of
ISO/IEC|18477-3:2015, Annex C. The outputs of this process are the'predicted high dynamic range
samples]J;. As above, i = 1..Nf.

In step B4a, a colour transformation is applied to the input values J; resulting in the output|pixel
values Hj. The transformation is selected by the Colour Transformation subbox of the Merging
Specificfition box, which selects one of the transformations defined in Annex C. If Nf equals|1, no
transforjmation is performed.

In steps| B5 and B5a, the residual image shall be reconstructed from the data contained in the
Residual Codestream box and the Residual Refinement box. The codestream contained in this box
follows the specifications defined in Rec, I'TU-T T.81 | ISO/IEC 10918-1. If a Residual Refinement box
is present, the precision of the samples.of the residual codestream shall be extended by refingment
coding ds specified in Annex D. The-mumber of components of the residual image shall be eqpal to
the numpber of components signalled in the base image.

In steps|B5 and B5a, apply nverse Quantization and Inverse Discrete Cosine Transformation|as in
Rec. ITU-T T.81 | ISO/IEC(10918-1.

In step B6, residual data is upsampled to the common sample grid following the specification of
ISO/IEC|18477-1:20%45, Annex A. The result of this operation is the residual image R;.

In step [B7, apply a point transformation to R; that is defined by the Residual nonlinear |Point
Transfoymatien subbox of the Merging Specification box. The outputs of this operation are dne or
three repidifal sample values per pixel denoted by P;.

The outputs of the residual decoding process are one or three integer sample values P; per
sample grid point.

In step B8, an inverse colour decorrelation shall be applied to the P; data. The transformation is
defined by the Residual Transformation box, which is a subboxes of the Merging Specification Box.
The outputs of this process are the inversely decorrelated prediction errors ;.

In step B8d, a secondary nonlinear point transformation selected by the Secondary Residual
Nonlinear Point Transformation box is applied. This box selects for each component nonlinearity,
either a Floating Point Lookup box or a Parametric Curve box that maps the inversely decorrelated
residual errors Q; into the final residual errors Qj. If this box is not present, Q; is set to ;.
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In step B9, the intermediate dynamic range output Fj, i.e. the output of the decodin

-6:2016(E)

g process, is

reconstructed from Hj, the predicted high dynamic range signal, and the inversely decorrelation
prediction errors Q;. The output bit precision Ry is taken from the Output Conversion subbox of the

Merging Specification box defined in Annex B. For this, compute
Fi: = Hj + Q;-2Rb+8-1

The values Fj shall be rounded to the nearest integer, clamped to the output range of [
then form the final output of the decoding process.

A.2 Encoding process (informative)

0,2Rb-1] and

This part of ISO/IEC 18477 does not define a normative encoding process. Any encoding
genetfates a file format that is compliant to this part of ISO/IEC 18477 is acceptable.

The ipput to an embodiment of a JPEG XT encoder as described in this subclause Consist{
pair, #n IDR image of the full dynamic range and an LDR image a legacy JPEG decoder would
the dodestream to. IDR and LDR image are typically related by a ton€mapping operd
though the selection of a TMO is outside the scope of this part of ISO/IEC 18477. This t
step from IDR to LDR image is logically performed outside of the/PEG XT encoder, thd
encodler implementations may perform this step, i.e. the generation.of an LDR image, as
implgmentation.

Two
ed in Figure A.2 first estimates a suitable inverse ténemapping from the input image

process that

of an image
reconstruct
ition (TMO),
ne mapping
ugh specific
part of their

possible encoder mechanisms will be described in this subclause. The closed logop encoder

and suitable
n an Integer
nsformation
. The Colour
e IDR colour
|. Depending
box may be

n alternative
px if present.
if necessary
B477-3:2015,
" Parametric

¢, computing
nsformation
the decoder
hsformation.

dutputs of this decorrelation process are first clamped to range, then subsampled if]

O cd DV D, cd dnd oded.

desired and

To compute the residual image in the closed loop encoder design, the DCT coefficients computed for
the base image are firist dequantized, then inversely DCT decoded to the precursor image as defined
in A.1. That is, the encoding process includes a partial base image decoder implementation that mimics
the decoder. The outputs of this partial decoding process are the sample values of the precursor image.
The residual image is then computed by subtracting the precursor sample values from the IDR input
image sample values and adding an offset of 2Rb+8-1,

The residual image values are then inversely decorrelated by the inverse of the Residual Transformation
and mapped into the residual coding domain by the inverse of the Residual Point transformation.
Computation of suitable inverses is again up to the encoder; only the decoding matrix and the
decoding nonlinear point transformations are signalled in the codestream. The resulting data are then
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subsampled if desired, DCT transformed, and entropy coded by the baseline, extended or progressive
Huffman process. Refinement scans may be added if necessary.

) 601 to | Forward | Entropy
LDR ) YCbCr DCT QNT Coding
Inverse YcbCr Inverse 4
T™MO to 601 | DCT It I‘

IDR RGB to Forward Entropy
YChCr DCT é@i\ o

The open lojop encoder only reproduces a smaller partiefithe decoding process and does not pet
DCT and inverse quantization step as thexclosed loop encoder. It is depicted in Figur
of the residual image is however abbreviated, and only the Base Transformation,
nonlinear p¢int transformation, and Colour Transformation are reproduced at the encoder. Th
the error regiduals collected in the residual imtage are only those generated by the nonlinear

a full inversd
Computatior

transformat

Figure A.2 — High level overview of the.losed loop encoder

on in the legacy coding path.
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Figure A.3 — High level overview of the open loop encoder
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Annex B
(normative)

Boxes

ISO/IEC 18477-6:2016(E)

This JAnnex selects and refines a subset of the boxes defined in ISO/IEC 18477-3 for. th¢ purpose of
intermediate range image coding. It lists those boxes of ISO/IEC 18477-3 that are required|for this part
of ISQ/IEC 18477. All other boxes are optional and its interpretation is outside the scope of this part of
ISO/IEC 18477. Other parts of ISO/IEC 18477 or other standards may define their meaning and decoders
confdrming to this part of ISO/IEC 18477 may ignore them.

Table B.1 lists the boxes required in this part of ISO/IEC 18477 that are'paired with ISO/[EC 18477-3.
Som¢q of the boxes require additional specifications that are listed in stibsequent clauses of|this Annex.

Table B.1 — Boxes within this part of ISO/IEC 18477

Box Name Box Type Further definitions infwhich sub-
clause of this pfrt of
ISO/IEC 1847
File Type box 0x66747970 (“ftyp”)
Legacy Data Checksum box 0x4C43484B (“LCHK")
Residual Data box 0x52455349 (“RESI”)
Residual Refinement box 0x5246494e (“RFIN”) Annex D
Refinement Data box 0x46494e45 (“FINE”) Annex D
Merging Specification box 0x53504543 (“SPEC”)
Parametric Curve box 0x43555256 (“CURV”)
Integer Table Lookup box 0x544f4e45 (“TONE”)
Floating Point Table Logkup box 0x46544f4e (“FTON")
Fix-ppint Linear Tran§formation box 0x4D545258 (“MTRX")
Floating-point Liftear Transforma- 0x46545258 (“FTRX")
tiofr box
OutputConversion box 0x4F434F4E (“OCON") B.2
Refinement Specification box 0x52535043 (“RSPC”)
Base Nonlinear Point Iranstorma- 0X4T505453 (“LPTS™) B3
tion Specification box
Residual Nonlinear Point Transfor- 0x5152505453 (“QPTS”) B4
mation Specification box
Secondary Residual Nonlinear Point 0x5152505453 (“RPTS”) B.5
Transformation Specification box
Base Transformation box 0x4C545246 (“LTRF”) B.6
Residual Transformation box 0x52545246 (“RTRF”) B.7
Colour Transformation box 0x43545246 (“CTRF”) B.8

© ISO/IEC 2016 - All rights reserved
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B.2 Output conversion box

This mandatory box defines the final bitdepth of the reconstructed samples and defines the conversion
process from the result of the base image/residual image merging process to the final output samples.
It describes the final merging process and by that step B.10 of the algorithm described in A.1. This box is
already defined in ISO/IEC 18477-3:2015, Annex B, though its application to this part of ISO/IEC 18477
further constraints the value of its fields.

This box shall never appear top level in the file, but it shall be a subbox of the Merging Specification
box defined in ISO/IEC 18477-3:2015, Annex B. Exactly one Output Conversion box shall appear in the
Merging Specification box if a Merging Specification box exists.

Table B.2 cpnstraints the parameters of the Output Conversion box as applied in this (pgrt of
ISO/IEC 184}7.

Table B.2 — Parameter constraints of the Output Conversion box

Parameter Constraints within this Meaning
part of ISO/IEC 18477
Rp 0..8 Number'of additional bits avaijable

for high dynamic range data. [The

bit precision of the reconstru¢ted
High dynamic range image shdll be
computed as 8+Ry,.

Lf 0 This field indicates whether the
compression is lossy or losslgss.
ISO/IEC 18477-6 only specifies|lossy

coding.

Oc 0 Shall be 0.

This field indicates whether ajcon-
version to floating point is desjired,
which is not within scope of this

part of ISO/IEC 18477.

Ce 1 Shall be 1.

This field indicates whether the
output shall be clipped to rapge
[0,28+Rb-1]. This is always the|case

for this part of ISO/IEC 18477.

0l 0 Shall be 0.

This field indicates whetherfan
output lookup or point
transformation is required. TTS is

never the case for this part of [SO/
1IEC 18477

tog 0 Shall be 0.

This field defines the output table
for component 0 in other parts of
the ISO/IEC 18477 family of
standards.

tog 0 Shall be 0.

This field defines the output table
for component 1 in other parts of
the ISO/IEC 18477 family of
standards.
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Table B.2 (continued)

Parameter Constraints within this Meaning
part of ISO/IEC 18477
toy 0 Shall be 0.
This field defines the output table
for component 2 in other parts of
the ISO/IEC 18477 family of
standards
tos 0 Shall be 0.

B.3 |Base Nonlinear Point Transformation Specification box

nsformation
X A. At most,
the Merging
s that of the

This pox defines the nonlinear point transformation between the output of the(Base Trg
and the Colour Transformation. It, thus, defines step B4 in the decoder description in Anne
one Base Nonlinear Point Transformation Specification box shall exist aspa‘sub-box of
Specification box. It shall not appear at top-level of the file. The box layout of this box i
Nonlinear Transformation Specification box, defined in ISO/IEC 184773:2015, Annex B.

The 1
Float|
appe
The

Anne
two V

The v

Specification box defined in ISO/IEC<18477-3:2015, Annex B. If the Refinement Specifig

abser

The ¥
of thq

If this
as if
selec

The t
does

onlinear point transformation selected by this box shall eitherbe an Integer Table L
ng Point Lookup box, or a Parametric Curve box. The corresponding boxes reference
hr at top level of the ISO/IEC 18477-3 compliant file or as subbox of the Merging Spec
onlinear point transformation itself is given by the phocess specified in ISO/IEC 1

C. It requires four additional parameters, the inputrange Ry, Re, and the output ran
alue pairs shall be given as follows:

RW = 8 + Rh Re = O
Ri=8+Rp Rf=0
alue Ry, is the number of refinementcscans in the base decoding path and is found in thg

t, the inferred value of Ry, is O:

ralue Ry, is found in the @utput Conversion box, where Rp+8 defines the total outp
P image.

box does not exist, the implied nonlinear point transformation in the base decoding p3
h Parametric Curye box with the identity function, i.e. with parameters t = 2 and e 3
fed. That is, the input range is linearly scaled to the output range by the parameters Ry

ype of this'box shall be 0x4C52505453, ASCII encoding of “LPTS”. The box structur
not dewviate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any re

parallneters of the box.

pokup box, a
d by this box
fication box.
B477-3:2015,
be R, R. The

b Refinement
ation box is

ut precision

this defined
1, had been
L, and Ry.

e and layout
strictions to

B.4

Residual Nonlinear Point Transformation Specification box

This box defines the nonlinear point transformation between the output of the residual DCT
transformation and the Residual Transformation. It, thus, defines step B7 in the decoder description in
Annex A. At most, one Residual nonlinear Point Transformation Specification box shall exist as a subbox
of the Merging Specification box. It shall not appear at top-level of the file. The layout of this box is that
of the Nonlinear Transformation Specification box, defined in [SO/IEC 18477-3:2015, Annex B. This box
shall only be present if the Residual Data box is present.

The nonlinear point transformations selected by the td; parameters this box, if it is present, shall be
a Parametric Curve box with curve type t = 2 (identity) and rounding parameter e = 0. References to
Integer or Floating Point Table Lookup boxes are not permitted. The corresponding boxes referenced
by this box appear at top level of the ISO/IEC 18477-3 compliant file or as subboxes of the Merging
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Specification box. The nonlinear point transformation itself is given by the process specified in
ISO/IEC 18477-3:2015, Annex C. It requires four additional parameters, the input range Ry, Re and the
output range R¢, Rf. The two value pairs shall be given as follows:

Rw=P +R¢ Re=0

Rt=8+Rp Re=0

The value Ry is the number of residual refinement scans in the base decoding path and is found in the
Refinement Specification box defined in Table B.1. If the Refinement Specification box is absent, the
inferred value of Ry is 0. The value of P is the bitdepth of the residual image; it is found in the frame

header of the residual codestream (see Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, Table B.2).

The value R|

of the imaggq.

If this box do
as if a Paran
e =0. Thatis

The type of
does not dev

NOTE Th
rounding mod

B.5 Seconmdary Residual Nonlinear Point Transformation Specification box

This box, if |
domain afte
AnnexA,i.e.
Qjthatare a
box is that of

The nonline

, is found in the Output Conversion box, where Rp+8 defines the total output pre¢

es not exist, the implied nonlinear point transformation in the base decodingpath is deg
etric Curve box with the identity function had been selected, i.e. with parameters t =
the input range is linearly scaled to the output range by the parametéers R,y and Rt.

this box shall be 0x5152505453, ASCII encoding of “QPTS”. The'box structure and 1
iate from that in ISO/IEC 18477-3:2015, Annex B.

e default rounding mode in the residual domain in the absence bfthis box is e = 0, unlike the d
le in the base decoding path, which is e = 1. This deviation is intentional.

bresent, selects a secondary nonlinear pointtransformation that is applied in the res
" the residual transformation. This box implements processing step B8d in the descript
t maps the inversely decorrelated residual error values (); into the final residual error v
Ided to the precursor image. If this bex'is not present, Q; is identical to ;. The layout ¢
the Nonlinear Transformation Specification box, defined in ISO/IEC 18477-3:2015, Any

hr point transformation selected by this box shall only be a Parametric Curve box,

ision

fined
P and

ayout

efault

idual
ion of
alues
f this
ex B.

with

the Curve Type t = 5 (linear ramp)-0fy;'t = 2 (identity) (see ISO/IEC 18477-3:2015, Annex B), The
correspondipg boxes referenced by this box appear at top level of the ISO/IEC 18477-3 compliant file or
as subboxes|of the Merging Specification box. The nonlinear point transformation itself is given hy the
process spegified in ISO/IEC 18477-3:2015, Annex C. It requires four additional parameters, the [input
range Ry, R¢ and the outputrange R¢, Rt. The two values shall be given as follows:

RW = 8 + Rb Re = 0

R¢ = B + Rp Re=0
The value R}p.is/found in the Output Conversion box, where Ry+8 defines the total output preg¢ision
of the imagé.

If this box does not exist, the implied nonlinear point transformation in the residual decoding path is
defined as if a Parametric Curve box with the identity function had been selected, i.e with parameters
t=2and e = 0. That is, the input is identical to the output.

The type of this box shall be 0x52505453, ASCII encoding of “RPTS”. The box structure and layout does
not deviate from that in ISO/IEC 18477-3:2015, Annex B.
B.6 Base Transformation box

This box defines the linear transformation between the output of the legacy entropy decoding process
and the input of the base image nonlinear point transformation. It defines the transformation in step
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B3 of the decoding process specified in Annex A. The box structure and layout is already defined in
ISO/IEC 18477-3:2015, Annex B, though its purpose is refined here.

There shall be at most one Base Transformation box as subbox of the Merging Specification box. This
box shall only exist if the number of components Nfis equal to 3, and it shall exist if the output bitdepth
is larger than 8, i.e. the Ry parameter of the Output Conversion box is nonzero.

If the box does not exist, the inverse decorrelation transformation is the identity process if Nf is equal to
1. If the box does not exist and the number of components is equal to 3, the base transformation in step B3
of Annex A is defined by the Component Decorrelation Control Marker specified in ISO/IEC 18477-1:2015,
Annex B, that is, it is the ICT 1fthe Decorrelatlon Control Marker is absent orits cc value is equal to 1, itis
the iden C - S C election of the
base ransformatlon are spec1f1ed in Table C. 1 The lmear transformatlons spec1f1ed in Anr lex C require
an additional level shift parameter Rs. The value of Rs for the base transformation shallbe gliven as

fRp is found
Refinement

wherg Ry, is the number of refinement scans included in the base decoding path: The value d
in th¢ Refinement Specification subbox of the Merging Parameter box. Ithall be 0 if nd
Speciffication box is present.
The tlype of the Base Transformation box shall be 0x4C545246, ASCILéncoding of “LTRF”.

Table
1SO/I

B.3 constraints the parameters of the Base Transformation/box based on the parameters listed in

EC 18477-3:2015, Annex B.

Table B.3 — Parameter constraints forthe Base Transformation box

Constraintswithin this
part of1SO/IEC 18477

1,2 or 5..15

Parameter Meaning

Xt formation to
rmation (see

ding of this

Defines the linear tran
be used as base transfd
Table B.5 for the enco
field).

Shall be 0

Re

B.7 |Residual Transformation box

This
the r¢
theb
in Annex A

its py

box defines thedinear transformation between the output of the nonlinear point trans
psidual decodingpath and the addition of the residual to the output of the colour trans
hse decoding path. It defines the linear transformation in step B8 of the decoding proc
nex A. The box structure and layout is already defined in ISO/IEC 18477-3:2015, Ann
rposéisrefined here.

formation in
formation in
ess specified
ex B, though

This

pox-shall only exist as a subbox of the Merging Specification box specified in ISO/IEC 1

B477-3:2015,

Annex B. It shall not appear top level. This box shall exist if and only if a Residual Data box is present at
the top level of the file and the number of components Nf equals 3.

The linear transformations specified in Annex C require an additional level shift parameter Rs. The

value

of R for the residual transformation shall be given as

where Rp+8 is the sample precision of the reconstructed IDR output image. The value of Ry can be found
in the Output Conversion box (see B.2).

The type of this box shall be 0x52545246, ASCII encoding of “RTRF”.

Table B.4 constraints the parameters of the Residual Transformation box from the generic Linear
Transformation Specification box defined in ISO/IEC 18477-3.

© ISO/IEC 2016 - All rights reserved
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Table B.4 — Parameter constraints of the Residual Transformation box

Parameter Constraints within this Meaning
part of ISO/IEC 18477
Xt 1,2 or5..15 Defines the linear transformation to
be used as residual transformation
(see Table B.5 for the encoding).
Re 0 Shall be 0.
Table B.5 — Encoding of the Xt parameter of the Base and Residual Transformation box
Value Transformation to be used
0 Reserved for ITU | ISO/IEC purposes.
1 The identity transformation shall be used.
2 The ICT Transformation as spgecified in Annex C ghall
be used.
3 Reserved for ITU{ISO/IEC purposes.
4 Reserved for\ITU | ISO/IEC purposes.

5..15 The free form transformation with offset shift defined
by the Integer ot Floating Point Linear Transformption
box whose M value matches the value of Xt shall be

The Integer or Floating Point Linear Transformafion
boxes‘are specified in ISO/IEC 18477-3:2015, B.2|and
B.3 and their application and implementation gre

specified in Annex C.

used.

B.8 Colou

This box def
the base ded
the linear tr
and layout is

ir Transformation box

nes the linear transformation between the output of the nonlinear point transformatjon in

oding path and the addition of the inversely decorrelated transformed residual. It d¢fines
hnsformation in step B4a of the decoding process specified in Annex A. The box structure
already defined inISO/IEC 18477-3:2015, Annex B, though its purpose is refined here¢.

This box shall only exist ag a-subbox of the Merging Specification box specified in ISO/IEC 18477-3:2015,
it may only-exist if the number of components in the image Nf equals 3. It shall not appear top
ox doesmot exist, the colour transformation shall be the identity transformation; otherwise

Annex B and
level. If this |
the Xt paran

The linear t

eter ofthie Colour Transformation box specifies the transformation matrix to pick.

ransformations specified in Annex C require an additional level shift parameter R{. The

value of Rg f

RS=—OO

The type of this box shall be 0x43545246, ASCII encoding of “CTRF”.

T the colour transformation siatt be givemas

(i.e. no level shift)

Table B.6 constraints the parameters from that defined in ISO/IEC 18477-3.

22
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Table B.6 — Parameter Constraints for the Colour Transformation box

Parameter Constraints within this Meaning
part of ISO/IEC 18477
Xt 1lor5..15 Defines the linear transformation to
be used as base transformation (see
Table B.7 for the encoding).
Re 0 Shall be 0.

Table B.7 — Encoding of the Xt parameter of the Colour Transformation box

Transformation to be used

Value
0 Reserved for ITU | ISO/IECpurpqses.
1 The identity transformatien-shall bp used.
2.4 Reserved for ITU |ASQ/IEC purpqgses.
5.15 The free form transformation without offset shift de-

fined by the Integer or Floating Poinf Linear
Transformation boex whose M value matches the value
of Xt shall be used.

The Integer orFloating Point Linear Trafsformation
boxes age spécified in ISO/IEC 18477-3:2p15, B.2 and
B.3 and‘their application and implemerjtation are

specified in Annex C.

© ISO/IEC 2016 - All rights reserved
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Annex C

(normative)

Multi-component decorrelation

In this Annex and all of its subclauses, the flow charts and tables are normative only in the sense that
they are defining an output that alternative implementations shall duplicate.

C.1 Gene

This Annex
and colour t}
the Residuall
the multiple
transformat

A multiple cd

from them
chroma con?E

are applicab

Figure C.

ral

—_—> S —
Decorrelation
—_— ; —
Transformation:
Level Shift

lefines the multiple component decorrelation transformations available as, base, resfdual,
ansformations of the decoding process. They are selected by the Base Transformation box,
Transformation box, or the Colour Transformation box. The base transformation rey
component decorrelation transformation of ISO/IEC 18477-1, the.Tesidual and dolour
on are new to this part of ISO/IEC 18477.

laces

mponent decorrelation transformation takes one or three input components and gendrates
e or three output components. A task dependent level sHift by a value of 2Rs ensure} that
onents are correctly centred and representable by unsighed values. The values of R that
e to the transformations are specified in B.6, B.7, and B:8.

| — Input and output ofa decorrelation transformation: Input components, output
components, and the DC level shift

Table C.1 specifies the decorrelation transformation applicable to the samples reconstructed in the

base decoding path.
Table C.1 — Selection of the Base Transformation
Nf Xt field of the Base Component Decorrelation | Base Transformation as repre-
Transformation box Marker presentand cc=0 | sented in block B3 in Annex A.
Number of components
1 Base Transformation ignored Inverse Identity Transformation
box shall not be present
3 Base Transformation yes Inverse Identity Transformation
box non-existing
3 Base Transformation no Inverse ICT
box non-existing
1 ignored Inverse Identity Transformation
3 2 ignored Inverse ICT
24
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Nf Xt field of the Base Component Decorrelation | Base Transformation as repre-
Transformation box Marker present and cc =0 | sented in block B3 in Annex A.

Number of components
3 5..15 ignored Free form transformation from

an Integer or Floating Point
Linear Transformation box
whose M value is identical to the
value of LXt.

All other values

Reserved for ITU | ISO/IEC

purposes
Table] C.2 selects the residual transformation that decorrelates the residual data
Table C.2 — Selection of the Residual Transformation
Nf Xt R-Transfermation as rejpresented by
block B8 specified i Annex A.
Number of components
1 The Residual Transformation box Inverse Identity Transformation
shall not be present.
1 Inverse Identity Transformation
3 2 Inverse ICT
All other values Reserved for ITU | ISO/[EC purposes
Tableg C.3 selects the colour transformation thatitransforms the precursor image intp the target
colourspace.

Table C.3 — Selection of the Colour Transformation

Nf

Number of components

Xt

C-Transformation, as fepresented
by block B4 (see Ajnnex A).

1 The Colour Transformation box Scaled Inverse Identity
shall not be present. Transformatjon
3 1 Scaled Inverse Identity
Transformatjon
3 5.15

by the Linear Transfofmation box

Free form transformaEion defined
whose M value makches Xt.

All other values

Reserved for ITU | I[SO/[IEC purposes

OIS

rancfarmnma

CTY (2

ion [

C 2 I rarcihlae Inyvarca Mzl
. IICVCT SToOTCIIIvVET STIvIUT

+ T 43 I PRy
LCoOmMmponIcIIT I T annSIoT IMatroIr (G T (IIOT1T1Ir

itive)

This transformation is it is identical to the ICT in ISO/IEC 18477-1 for 8-bit LDR data and can be
understood as an inverse decorrelation from YCbCr to Rec. ITU-T BT.601 RGB.

In the following, let Ip, I3, and Iy be the input sample values reconstructed from the upsampled
components 0, 1, and 2, and let Lo, L1, and Ly be the output sample value. Let Rg be the number of level

shift scale bits defined in B.6, B.7,

and B.8. Then:

Lo =Io + 1,402 00 x (I - 2Rs)

L1 =Io- 0,714 136 285 9 x (I - 2Rs) - 0,344 136 286 1 x (I1 - 2Rs)

Lp=1Ip+ 1,772 x (I1 — 2Rs)

© ISO/IEC 2016 - All rights reserved
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C.3 Free-form Integer Multi-component Transformation (normative)

This transformation offers a generic linear transformation that can be applied as base, residual, or colour
transformation. It is applied whenever a Transformation box from B.6, B.7, or B.8 selects an Integer
Transformation box by matching its M value. Let [y, [1, and I be the inputs to this transformation and Oy,
01, and Oz its output. Denote by ajj the parameters in the matching Integer Transformation box. Then:

Op = [a11 x Ip + a12 x (I1- 2Rs) + a13 x (Ip- 2Rs)] /213
01 =[az1 x Ig + a2 x (I1— 2Rs) + a3 x (Ip—- 2Rs)] /213

02 =Jagg x Ig + azp x (11— 2Rs) + ag3 x (Ip— 2Rs)] /213

C.4 Free-form Floating Point Multi-component Transformation (normative)

This transformation offers a generic linear transformation that can be applied as base, residual, or dolour
transformatjon. It is applied whenever a Transformation box from B.6, B.7, or B.8 selects a Floating|Point
Transformation box by matching its M value. Let Iy, [1, and I be the inputs to this tfaiisformation and O,
01, and Oz ity output. Denote by ajj the parameters in the matching Integer Transformation box. THen:

0o =p11 x Ip + a1z x (I1— 2Rs) + ag3 x (Iz- 2Rs)
01 =21 x g + azz x (I1- 2Rs) + az3 x (Iz- 2R9)

02 =p31 x g + a3z x (I3~ 2Rs) + a3z x (Iz- 2Rs)

C.5 Inverfse Identity Transformation (normative)

The inverse |[identity transformation maps its input values to the output without applying an inyverse
linear decorfelation step. Denote the input value ofithe identity transformation with Iy and the output
value by Lo, The inverse identity transformation then sets

Lo=]o

If more thap one component has to bhettransformed, the above equation(s) apply identically fo all
components

C.6 Irreversible Forward‘Multi-Component Transformation (ICT) (informative)

This transformation is uséd to decorrelate the low dynamic range versions of the image before encpding
the compongnts by a R€¢..ITU-T T.81 | ISO/IEC 10918-1 conforming encoder. It is identical to the forjward
ICT defined jn ISO/IEC 18477-1. Let Lo to Ly be the input pixel values and Rg the number of leve] shift
scale bits, then theoutput Ip to I shall be computed as follows:

[0=249900 x Lg+0,58700 x L1 + 0,114 00 x L

[1=-0,168735891 6 x L1 - 0,331 264 108 4 x L1 + 0.5 x L + 2Rs
[=0,5L2-0,418 687 589 2 x L1 - 0,081 312 410 85 x Lo+ 2Rs

C.7 Forward Identity Transformation (normative)

This transformation is used to generate the input of the legacy coding process when the number of
components in the frame is 1, or the component decorrelation transformation is disabled. If Lg is the
input value, then this transformation sets the output value Ip to

Io=Lo

26 © ISO/IEC 2016 - All rights reserved
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If more than one component is to be transformed, then the above applies to all three components
identically.
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