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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. |
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JTC 1.

cedures used to develop this document and those intended for its further maintenangé are
d in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fqr
rent types of document should be noted. This document was drafted in accorddnce with thie
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying dny“or all such patert
Details of any patent rights identified during the development of the doecument will be in thie
tion and/or on the ISO list of patent declarations received (see wwwriso.org/patents).

e name used in this document is information given for the convenience of users and does nqt
e an endorsement.

pxplanation on the meaning of ISO specific terms and expressions related to conformit]
ent, as well as information about ISO’s adherence.t¢-'the WTO principles in the Technicg
to Trade (TBT) see the following URL: Foreword --Supplementary information

—_—

mittee responsible for this document is ISO/IECJTC 1, Information technology, SC 29, Coding df
cture, multimedia and hypermedia informatian;

[

18477 contains the following parts under the general title Information technology — Scalab]
sion and coding of continuous-tone stillLimages:

1: Scalable compression and coding of continuous-tone still images
2: Extensions for high dynamic range images

3: Box file format

6: IDR Integer Coding

7: HDR Floating’Point Coding

8: Lossless,and Near-lossless Coding

9: Alpha Channel Coding

wing parts are under preparation:

— Part 4: Conformance testing

— Part 5: Reference software

© ISO/IEC 2015 - All rights reserved
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Introduction

This part of ISO/IEC 18477 specifies an extensible file format, denoted as JPEG XT, which is built on top
of the existing Rec. ITU-T T.81 | ISO/IEC 10918-1 codestream definition. While typically file formats
encapsulate codestreams by means of additional syntax elements such as boxes, the file format
structure specified here rather embeds the syntax elements of the file format, called boxes, into the
codestream. The necessity for this unusual arrangement is the backwards compatibility to the legacy
standard and the application toolchain built around it; that is, legacy applications conforming to Rec.
ITU-TT.8 0 0918-1 will be able to decode image information embedded in files conforming to
the family of ISO/IEC 18477 standards, though will only be able to recover a three component;-{ bits per
spmple, lower quality version of the image described by the full file.

Hor more demanding applications, it is not uncommon to use a bit depth of 16, providing 65 536
representable values to describe each channel within a pixel, resulting on over 2,8,%\1014 representable
dolour values. In some less common scenarios, even greater bit depths are uséd,'and sometjmes the
dynamic range of the image is so high that a floating point based encoding is desirable. In adflition to
ilnage information, some applications also require an additional opacity channel, a feature not gvailable
from the legacy standard.

ost common photo and image formats use an 8-bit or 16-bit unsigned‘integer value to represe¢nt some
flinction of the intensity of each colour channel. While it might.be theoretically possible to agree on
dne method for assigning specific numerical values to real woyld colours, doing so is not gractical.
Jince any specific device has its own limited range for colour¥eproduction, the device’s range may be a
simall portion of the agreed-upon universal colour range.As+a result, such an approach is an ejftremely
ihefficient use of the available numerical values, espegidlly when using only 8 bits (or 256 unique

alues) per channel. To represent pixel values as efficiently as possible, devices use a numeric gncoding
dptimized for their own range of possible colours of/gamut.

JPEG XT is designed to extend the legacy JPEG standard towards higher bitdepth, higher dynamiic range,
ide colour gamut content while simultaneously allowing legacy applications to decode the image data in
the codestream to a standard low dynamic range image represented by only eight bits per channel. The
goal is to provide a backwards compatible'coding specification that allows legacy applications and|existing
tpolchains to continue to operate on dodestreams conforming to the family of ISO/IEC 18477 starjdards.

JPEG XT has been designed tq be backwards compatible to legacy applications while at the same time
aving a small coding complexity; JPEG XT uses, whenever possible, functional blocks of Rec. ITU-T T.81
[{ISO/IEC 10918-1 to extend. the functionality of the legacy JPEG Coding System.

[his part of ISO/IEC.18477 is an extension of ISO/IEC 18477-1, a compression system for coptinuous
tpne digital still images which is backwards compatible with Rec. ITU-T T.81 | ISO/IEC 10918-1{ That is,
legacy applications’conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 will be able to reconstruct|streams
generated by@nencoder conforming to this part of ISO/IEC 18477, though will possibly not bg able to

econstruct\such streams in full dynamic range, full quality or other features defined in thi$ part of
IFO/IEC.18477.

[he”aim of this part of ISO/IEC 18477 is to provide a flexible and extensible framework tp enrich
IBOAEC 18477-1 compliant codestreams with side-channels and metadata. The syntax choseh in this
part of ISO/IEC 18477 defines a mechanism to embed syntax elements denoted as “Boxes” into Rec.
ITU-T T.81 | ISO/IEC 10918-1 compliant codestreams. The box syntax used here is identical to that
defined in the JPEG family of standards, for example JPEG 2000 (Rec. ITU-T T. 800 | ISO/IEC 15444-1).
Boxes will then carry either additional image data, to enable encoding of images of higher bitdepth, high
dynamic range, include alpha channels etc., or will carry metadata that describes the decoding process
of the legacy Rec. ITU-T T.81 | ISO/IEC 10918-1 codestream and the side channels to an extended or
high dynamic range image.

© ISO/IEC 2015 - All rights reserved v
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Information technology — Scalable compression and
coding of continuous-tone still images —

Part 3:
Box file format

1 Scope

—

fbr continuous-tone photographic content.

2 Normative references

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

IBO/IEC 10646, Information technology — Universal Coded Character Set (UCS)

et

50/IEC 18477-1:2015, Information technology — Scalable compression and coding of continuous-
mages — Part 1: Scalable compression and coding ofieontinuous-tone still images

~.

o=

ontinuous Tone Still Inages — Requirements:@nd Guidelines

owl

ec. ITU-T T.871 | ISO/IEC 10918-5, Information technology — Digital compression and c
dontinuous-tone still images: JPEG File-lnterchange Format

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

v w]

or the purposes of\this document, the following terms and definitions apply.

1.1
SCII encoding
ncodingef'text characters and text strings according to ISO/IEC 10646

D o

3.1.2
Has@decoding path

his part of ISO/IEC 18477 specifies a coding format, referred to as JPEG XT, whiclris designed primarily

and are
undated

tone still

ec. ITU-T T.81 | ISO/IEC 10918-1, Information Technology — Digital Compression and Cpding of

pding of

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

3.1.3
base image

further

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

3.1.4
binary decision
choice between two alternatives

© ISO/IEC 2015 - All rights reserved
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3.1.5

bit stream
partially encoded or decoded sequence of bits comprising an entropy-coded segment

3.1.6
block

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

3.1.7
box

structuy
multipld

Note 1 to

3.1.8
byte
group of

3.19
coder

embodifnent of a coding process

3.1.10
coding
encodin

3.1.11
coding 1

procedulre used to convert input data into symbols to be‘coded

3.1.12
(coding)
general

3.1.13
compreg
reductiag

3.1.14

compon
two-din{
image ty

3.1.15

contim‘JATus tone.mage

image

ed collection of data describing the image or the image decoding process embedded into one. g
APP11 marker segments

—

entry: See Annex A for the definition of boxes

8 bits

b or decoding

nodel

process
ferm for referring to an encoding process, a decoding process, or both

sion
n in the number of bits used:to represent source image data

bnt
ensional array pf\samples having the same designation in the output or display device. Ap
pically consists\of several components, e. g. red, green and blue

hosecomponents have more than one bit per sample

3.1.16

decoder

embodiment of a decoding process

3.1.17

decoding process
process which takes as its input compressed image data and outputs a continuous-tone image

3.1.18
encoder

embodiment of an encoding process

© ISO/IEC 2015 - All rights reserved
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3.1.19
encoding process
process which takes as its input a continuous-tone image and outputs compressed image data

3.1.20
entropy decoder
embodiment of an entropy decoding procedure

3.1.21
entropy decoding

lpssless procedure which recovers the sequence of symbols from the sequence of bits produce
tropy encoder

1.22
tropy encoder
bodiment of an entropy encoding procedure

1.23

tropy encoding

lpssless procedure which converts a sequence of input symbols into_a‘sequence of bits such
erage number of bits per symbol approaches the entropy of the input’symbols

1.24
igh dynamic range
image or image data comprised of more than eight bits persample

1.25
Ihtermediate dynamic range
image or image data comprised of more than eightbits per sample

1.26
Jpint Photographic Experts Group

informal name of the committee which-created this part of ISO/IEC 18477
ote 1 to entry: The “joint” comes friom the ITU and ISO/IEC collaboration.

1.27

legacy codestream

llection of markers andsyntax elements defined by Rec. ITU-T T.81 | ISO/IEC 10918-1 bare an
ements defined by the family ISO/IEC 18477 standards

ote 1 to entryyThat is, the legacy codestream consists of the collection of all markers except tho
arkers that describe JPEG XT boxes by the syntax defined in Annex A.

1.28
legacy-decoding path
lléction of operations to be performed on the entropy coded data as described by Rec. ITU

ISOAEC 10918-1 jointly with the Legacy Refinement scans before this data is merged with the

data to form the final output image

3.1.29
legacy decoder

d by the

that the

[y syntax

se APP11

[T T.81 |

residual

embodiment of a decoding process conforming to ITU. T Rec. T.81 | ISO/IEC 10918-1, confined to the
lossy DCT process and the baseline, sequential or progressive modes, decoding at most four components

to eight bits per component

3.1.30

legacy image

arrangement of sample values as described by applying the decoding process described
ITU-T T.81 | ISO/IEC 10918-1 on the entropy coded data as defined by said standard

© ISO/IEC 2015 - All rights reserved
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3.1.31

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)

3.1.32
lossy
descriptive term for encoding and decoding processes which are not lossless

3.1.33
low dynpmic range
image or image data comprised of data with no more than eight bits per sample

3.1.34

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

3.1.35
marker fegment
marker fogether with its associated set of parameters

3.1.36
pixel

collectidn of sample values in the spatial image domain having all'thé same sample coordinates, e. g. |
pixel mgy consist of three samples describing its red, green and blue value

3.1.37
point transform
scaling ¢f a sample or DCT coefficient by a factor

3.1.38
precisioh
number|of bits allocated to a particular sample or DCT coefficient

3.1.39
procedulre
set of st¢ps which accomplishes one of the tasks which comprise an encoding or decoding process

3.1.40
residualldecoding path
collectign of operationscapplied to the entropy coded data contained in the residual data box an
residuallrefinement scan boxes up to the point where this data is merged with the base image to fory
the final output imagé

=g e

3.1.41
residuallimage
extensidqnrimage

1 alfiac oc anctyriictad eyt non o i ot o dinarcn DCT 4rgn ol oty ol d o 1)
Samp e Cll\.l\';) dao A \,\,UIIOLI MLL\,\J LI)’ IIIVCI OoU \.1uouu.1bcu.xuu dITU IIIVUI OLU DDUT LI dIlo1vulIliidalivIll Cli.ll.lll\,\.l LU LIl

entropy-decoded coefficients described by the residual scan and residual refinement scans

3.1.42

residual scan

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

4 © ISO/IEC 2015 - All rights reserved


https://standardsiso.com/api/?name=b89febe5f56fb3739c65039d8d3c9c13

ISO/IEC 18477-3:2015(E)

3.1.43
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. Refinement scan
either applied in the base or residual decoding path

3.1.44
sample
one element in the two-dimensional image array which comprises a component

s can be

1.45
spmple grid
mmon coordinate system for all samples of an image

ote 1 to entry: The samples at the top left edge of the image have the coordinates (0, 0J} the first cq
increases towards the right, the second towards the bottom.

3.1.46
sjuperbox
Hox that carries other boxes as payload data

(%]

1.47
ero byte
x00 byte

o N

.1.48

ig-zag sequence

pecific sequential ordering of the DCT coefficients from (approximately) lowest spatial freq
ighest

0 0 N

LA

.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

Sj, x subsampling fadtorof component i in horizontal direction
Si,y subsamplinigfactor of component i in vertical direction

H;j subsaripling indicator of component i in the frame header
Vi subsampling indicator of componenti in the frame header

Vx, v sample value at the sample grid position x, y

ordinate

hlency to

Ry additional number of DCT coefficient bits rpprpcpn‘rpd hy refinement scans in the base

decod-

ing path, 8+Rp, 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 base decoding path

Ry additional number of DCT coefficient bits represented by refinement scans in the residual de-
coding path. P+R is the number of non-fractional bits of the output of the invers DCT process
in the residual decoding path, where P is the frame-precision of the residual image as record-

ed in the frame header of the residual codestream

Rp additional bits in the HDR image. 8+Rb is the sample precision of the reconstructed HDR

image

© ISO/IEC 2015 - All rights reserved
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3.3 Abbreviated terms

For the purposes of this part of ISO/IEC 18477, the following abbreviations apply.
ASCII  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 Conventions

4.1 Co¢nformance language
This part of ISO/IEC 18477 consists of normative and informative'text.

Normatijve textis that text which expresses mandatory requirements. The word “shall” is used to expreg
mandatgry requirements strictly to be followed in orderte’conform to this part of ISO/IEC 18477 an
from which no deviation is permitted. A conforming implementation is one that fulfils all mandator
ents.
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is normative, with the following exceptions:’the Introduction, any parts of the text that are explicitly
labelledjas “informative”, and statements.appearing with the preamble “NOTE” and behaviour describefd
using the word “should”. The word “should” is used to describe behaviour that is encouraged but is nqt

required for conformance to this part'of ISO/IEC 18477.

The keywords “may” and “needhot” indicate a course of action that is permissible in a conforminjg
implemgntation.

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

[72)

4.2 Operators

NOTE viamy o
programming language.

4.2.1 Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary prefix operator)

* Multiplication

/ Division without truncation or rounding.

6 © ISO/IEC 2015 - All rights reserved
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4.2.2 Logical operators

|| Logical OR

&& Logical AND

! Logical NOT

€ x € {A, B} is defined as (x ==A || x == B)

¢ x & {A, B} is defined as (x 1= A && x = B)
4.2.3 Relational operators

> Greater than

>= Greater than or equal to

< Less than

<= Less than or equal to

== Equal to

I= Not equal to

— et~

ft or from left to right.

4.2.4 Precedence order of operators

perators are listed below in deseending order of precedence. If several operators appear in the same
ne, they have equal precedence.' When several operators of equal precedence appear at the same level
1 an expression, evaluation proceeds according to the associativity of the operator either fronj right to

Operators Type of operation Associativity
)] - Expression Left to Right
Unary negation
./ Multiplication Left to Right
timod Modulo (remainder) Left to Right
-~ Addition and Subtraction Left to Right
<> <=,5= Relational

Lertto Kight

4.2.5 Mathematical functions

g
g

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

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

© ISO/IEC 2015 - All rights reserved
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[x] Absolute value, is -x for x < 0, otherwise x.
sign(x) Sign of x, 0 if x is 0, +1 if X is positive, -1 if x is negative.

clamp(x,min,max) Clamps x to the range [min, max]: returns min if X < min, max if x > max or
otherwise x.

xa Raises the value of x to the power of a. x is a non-negative real number, a is a
real number. x2 is equal to exp(axlog(x)) where exp is the exponential func-

tion and ]ng() the natural ]ngarifhm fxisQandalis pncifivn’ vais defined tqg

be 0.

5 General

=)

The purpose of this Clause is to give an informative overview of the elements specified,in this part d
ISO/IEC[18477. Another purpose is to introduce many of the terms which are defined.inClause 3. Thes|
terms afe printed in italics upon first usage in this Clause.

[}

There afe three elements specified in this part of ISO/IEC 18477:

[

a) An pncoder is an embodiment of an encoding process. An encoder ‘takes as input digital sourd
image data and encoder specifications, and by means of a specified-set of procedures generates g
output a codestream.

[77)

b) A ddcoder is an embodiment of a decoding process. A decoder takes as input a codestream, and b
medns of a specified set of procedures generates as outputdigital reconstructed image data.

<

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

5.1 Highlevel overview on JPEG XT.ISO/IEC 18477-3

The high-level syntax of an ISO/IEC 18477-3 compliant codestream is identical to that defined i
ISO/IEC|18477-1, which is a subset«fthe syntax defined in Rec. ITU-T T.81 | ISO/IEC 10918-1. Marke
definitigns and the syntax of the'markers defined in the above Recommendation remain in force an
unchanged. However, this part.ef ISO/IEC 18477 defines the APP1; marker, reserved in the legac
Recomnpendation | Standard\for encoding additional syntax elements. Legacy decoders will skip an
ignore sjuch marker elements, and hence will only be able to decode the image encoded by the legac
syntax lements This¢part of ISO/IEC 18477 codestream will be denoted the legacy codestream i

3*<:D-‘<Q-'-:D

required to decode the complete codestream to full prec1510n full dynamlc range or w1thout loss or
may contain entropy coded image data itself.

How entropy coded data from the side-channels contained in the boxes and entropy coded data in the
legacy codestream are merged together is application dependent and defined in subsequent parts of the
ISO/IEC 18477 standards family. It is beyond the scope of this part of ISO/IEC 18477 to define this process.

5.2 Encoder requirements

An encoder is only required to meet the compliance tests and to generate the codestream according to
the syntax defined in this part of ISO/IEC 18477. How the codestream is algorithmically constructed and
how the boxes are laid out is implementation specific and not within scope of this part of ISO/IEC 18477.

8 © ISO/IEC 2015 - All rights reserved
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Subsequent Recommendations | Standards of the ISO/IEC 18477 family may, however, define additional
restrictions and requirements, either within the standard itself, or within profiles that restrict the
freedom of the encoder further.

An encoder claiming to be compliant to one of these profiles then shall conform to the syntax constraints
defined in the corresponding profile of the corresponding part of ISO/IEC 18477.

5.3 Decoder requirements

decoding processconverts compressedimage datatoreconstructed image data—A decoder shall
hterpret the syntax of the box structures, namely the packaging of boxes into APP markers-gpecified
h Annex A correctly. It is not required, though, that a conforming decoder is capable of\intefpreting
he semantics of all box types defined in this or subsequent members of the ISO/IEC 18477 family of
tandards. A decoder implementation should skip over boxes it is unable or not,willing to|support
nless such a box is indicated as a mandatory box in the profile and part of ISO/IEC 18477 the|decoder
laims to be compliant with.

O N e e N
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Annex A
(normative)

JPEG XT marker segment

A.1 General

This Anpex extends the compressed bitstream syntax of ISO/IEC 18477-1:2015, Annex B by introduciEE
additionjal markers and marker segments carrying side channel and coding parameters that cantrol t
decoding process. While the corresponding decoding processes are specified in subsequent parts af
the ISO/IEC 18477 family of standards, this Annex defines a generic mechanism by whieh such synta|
elementp are embedded into ISO/IEC 18477-1 compliant files.

X

~

The syntax element and the building block defined in this Annex is called a Box. This part of ISO/IEC 1847
defined keveral types of boxes; the definition of each specific box type defines\the kind of informatio
that may be found within a box of that type. Some boxes will be defined to céntain other boxes. Box type
are spedified in Annex B, or in subsequent members of the ISO/IEC 1847 7Zfamily of standards.

=]

Boxes ate, unlike in other Recommendations | International Standards not a top-level syntax elements,
but themselves wrapped in JPEG XT Marker segments introducedjn'A.2. Since boxes may logically carrly
more than 64K (65536) bytes of payload data, but marker segments can at most carry 64K of data, a single
logical box may need to be broken up into several marker segments. Syntax elements within the markqr
segment then instruct the decoder how to put the contents-itvthe marker segment back into a single box

Additionally, a JPEG XT file may contain several boxes of the same box type, though with differi
contentThe syntax of the marker segment providesa mechanism to distinguish between two logicall
differenf boxes of the same box type.

A.2 Marker assignments

The follgwing additional marker is defined in this part of ISO/IEC 18477:

Table A.1= Additional markers and marker segments

Code Assignment Symbol Description Defined in
O0xFFEB APP1q JPEG XT Marker This part of ISO/IEC 18477

—

Each box is encapsulated in at least one JPEG XT marker segment, and may extend over several marke
segments if thessize of its payload data exceeds the capacity of the JPEG XT marker. See A.4 for how t
merge JPEGXT marker segments to logical boxes.

O

A.3 Codestream syntax

The high-level syntax of ISO/IEC 18477-3 codestreams shall follow the syntax specified in the
ISO/IEC 18477-1 standard, which is a subset of Rec. ITU-T T.81 | ISO/IEC 10918-1. Specifically, since JPEG
XT boxes are represented by APP11 marker segments, ISO/IEC 18477-1 conforming implementations

10 © ISO/IEC 2015 - All rights reserved
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that do not implement this or any subsequent Recommendation | International Standard of the
ISO/IEC 18477 family will ignore them.

NOTE Note that by the above paragraph, byte stuffing and padding as defined in Rec. ITU-T T.81 |
ISO/IEC 10918-1 also applies to entropy coded data contained in APP11 markers. Note further that due to the
segmentation of entropy coded data into application markers, it may happen that the last byte of an APP1q
marker segment is 0xff, and that the corresponding “stuffed” zero byte is part of a subsequent application marker
segment. This does not cause a problem for legacy decoders since they are required to skip over unknown
application marker segments in first place, without interpreting their content.

NS

1.4 JPEG XT boxes

PEG XT structures any additional data that remains invisible to legacy decoders in JPEG XT poxes. A
oXx is a generic data container that has both a type, and a body that carries its actual payload. The type
b a four-byte identifier that allows decoders to identify its purpose and the structure of its cqntent. A
PEG XT file may also carry several boxes of identical type. These boxes are logically distinct and differ
n the value of the Box Instance Number En of the JPEG Extensions marker segment, see Figuile A.1.

e il = ]

oxes are embedded into the codestream format by encapsulating thef into one or several [PEG XT
harker segments. Since boxes can grow large in size, a single box may extend over multiple [[PEG XT
harker segments, and decoders may have to merge multiple markersegments before they canjattempt
b decode the box content. JPEG XT Marker segments that belorg to the same logical box and require
herging prior to interpretation have identical Box Instance-Number fields En, but diffgr in the
acket Sequence Number Z.

o w e il Hll e il w |

he JPEG XT marker segment consists of the APP11 marker that is reserved for this part of ISO/IHC 18477,
he size of the marker segment in bytes (not including\the marker), a common identifier identidal for all
oxes and box types, the box instance number fieldi’the packet sequence number field, the box length,
he box type and the actual box payload data. The box length field can be extended by a Box Length
xtension field that allows box sizes beyond-232-1 bytes. Figure A.1 depicts the high-level syptax of a
PEG XT Marker segment.

— o o o

OxFFEB | Le CI En Z LBox TBox XLBox Payload Data

Common Box Packet Box Length Box Type Box Length
Identifier | Instance | Sequence

Number | Number Extension

(optional)

Figure A.1 — Organization of the JPEG XT marker segment

The meaning-of the fields of the JPEG XT Marker segment is as follows:

—]

he Le field is the size of the marker segment, not including the marker. It measures the size from the Le
eldup to the end of the marker segment.

—

NOTE SITICE bOXesS may extend Over several marker segments, the Le field is ty pically not derived from the
Box Length field and care must be taken not to confuse the two. The Le field defines the amount of data carried
by a single marker segment; the Box Length is the logical size of the box. If a box extends over multiple JPEG XT
Extension marker segments, the Le field measures the total size of each individual marker segment and may
differ from segment to segment, whereas the Box Length field remains identical in all segments that contribute
to the same logical box.

The Common Identifier is a 16 bit field that allows decoders to identify an APP11 marker segment as a
JPEG XT marker segment. Its value shall be 0x4A50. It is identical for all boxes and all box types.

The Box Instance Number is a 16-bit field that disambiguates between JPEG XT marker segments
carrying boxes of identical type, but differing content. That is, data that belongs to logically distinct
boxes with the same box type differ in their Box Instance Number. Encoders shall concatenate the

© ISO/IEC 2015 - All rights reserved 11
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payload

data of those JPEG XT marker segments whose Box Instance Number and Type Identifier fields

are identical in the order of increasing Packet Sequence Numbers.

NOTE

A codestream containing multiple boxes of the same box type uses the box sequence number field to

instruct the decoder which JPEG XT Extension marker segments to merge into one box. Refinement coding makes
use of this process: The entropy coded data of each refinement scan is placed into its individual box, using the
box instance number field to disambiguate the scans.

The Packet Sequence Number is a 32-bit field that specifies the order in which payload data shall be

merged.

Concatenation proceeds in the order of increasing Packet Sequence Numbers.

The Boy
payload
size of a
single c
sequenc

NOTE
evenly oy

If the si
Le, CI, E
regardlg
XT Mark

The Box Type TBox is a 32-bit field that specifies the type of the’payload data, and thus its syntax. Bo

types ar
ITU | IS
decoder

If the bo
and the
carries {
JPEG XT|
identica

The pay|
box typéd

Profiles
in how f

. Length LBox is a four byte field that specifies the box length. It measures the size of t:t
data of all JPEG Extensions markers of the same box type and enumerator combined, plust
single copy of the Box Type, plus the size of a single copy of the Box Length, plus the length of
ppy of the Box Length Extender if present. The box length does not include the size of the packs
e number, the box instance number, the common identifier, the marker length or, the'marker.

-+ D

ot

A box having a payload data of 32 bytes will, by this, have a box length of 32+4+4 =4.0~1If this box is spl
er two JPEG XT marker segments, each marker segment will have a Le value of 2+2+2+4+(4+4+16) = 50.

ve of the box payload is less than 232-8 bytes, then all fields except-the XLBox field, that is:
n, Z, LBox and TBox, shall be present in all JPEG XT marker segment representing this bo
ss of whether the marker segments starts this box, or continuesia box started by a former JPE
er segment.

LN

(D]

<

e specified in Annex B and in subsequent parts of the ISO/IEC 18477 family of standards. Sinc
/IEC may add additional box types that define additiehal meta-information on the image late
5 shall disregard box types they do not understands

<3 (D

x length is larger than 232 bytes, the LBox field is no longer sufficient to encode the box lengt

KLBox field is required additionally. In this:case, the LBox field shall be one and the XLBox fiel
he box size instead. If the box length islarger than 232, the XLBox field shall be present in a
marker segments of the same box type-and same box Instance Number, and its value shall b
in all JPEG XTmarker segments of the same Box Type and same Box Instance Number.

[CE=E="E=3

oad data carries the contentsof the box. Its syntax is specified along with the correspondinig
s in this Annex.

defined in subsequent parts of the ISO/IEC 18477 family of standards add additional constraints
ayload data may be broken up into individual JPEG XT marker segments.

Table A.2 — JPEG XT marker parameters and sizes

Parameter, Size (bits) Value Meaning
APPq% 16 0xFFEB Identifies all JPEG XT Marker
Segments.
Le 16 8..65535 Length of the marker

segment, including the size
itself, all parameters, and
the size of the payload data
contained in this marker seg-
ment alone. Does not include
the marker itself.

12
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Parameter

Size (bits)

Value

Meaning

CI

16

0x4A50
(ASCII encoding of “JP”)

The special value 0x4A50
(ASCII: ‘7’ ‘P’) allows readers
to distinguish the JPEG
Extensions marker seg-
ment from other uses of the
APP11 marker. Readers shall
ignore APP11 markers for the

purpose of decoding [PEG
extensions if thiswalfie does
not match.

En

16

1..65535

The Box Instahce Number
disambjguates paylopd data
of thé'same box typefand
definies which payload data
is to be concatenated. Only
payload data whose hox type
and enumerator is idpntical
shall be concatenatedl.

The value 0 is reserved for
ITU | ISO/IEC purposes.

32

1:282-1

Packet Sequence numiber
defining the order inlwhich
the payload data shall be
concatenated. Concatenation
shall proceed in order of
increasing Z values.

The value 0 is reservgd for
ITU | ISO/IEC purpoges.

LBox

32

1 or8..232-1

Box length. This is thie total
length of the concatepated
payload data, includihg a
single copy of the LBpx and
Tbox field, and a single copy
of the XLBox field, if present.

The values 0 and twd to

seven are reserved fqr ITU |
ISO/IEC purposes anfl shall
not be used.

TBoX

32

0..23211

Box type. The box type
defines the syntax of{the
concatenated payloagl data.
Also, the box type and the
box instance number specify

which payload data tb merge.

XLBox

0 or 64

16..264-1

If the LBox field is one, this
field contains the size of
the concatenated payload
data plus the box overhead
instead.

Otherwise, this field is miss-
ing.

The values 0 to 15 are
reserved for ITU | ISO/IEC
purposes.

© ISO/IEC 2015 - All rights reserved
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Table A.2 (continued)

Parameter Size (bits) Value Meaning

Payload Data Varies Varies The syntax of the concate-

nated payload data is defined
in Annex B and subse-

quent members of the SO/
IEC 18477 family of stand-
ards.

NOTE

boxes lan
data size)
an XLBo3
namely b

A5 B

Some bqg
size of a

Boxes w
Identifid
with thd
boxes is

NOTE

as for to
superbox
a superb

The size of the XLBox field itself also contributes to the box length, hence creating a corner case fdr
ger than 4GB. If an encoder detects that the value of the LBox field, computed as the sum of the pajylo

and the box overhead, overruns the 4GB boundary LBox is able to express, it is not sufficient to.create
field and store the sum there. The box size needs to be enlarged by the size of the XLBox field 'as welll,
y eight bytes.

pxes and superboxes

o

xes may carry other boxes as payload data. Such boxes are denoted as siperboxes. The payloa
superbox is given by the sum of the box lengths of all the boxes it contains.

ithin superboxes do not consist of JPEG XT marker, neither a marKer size, neither a Commoh
1, neither an Box Instance Number nor a Packet Sequence Nuniber shall be present. They sta

LBox field. The additional fields are not required since their composition from markers int
unambiguous.

O =

The length of a box within a superbox is derived in thé.same way from the size of the payload daf]
p-level boxes within JPEG XT marker segments. Note’that neither top-level boxes nor boxes within
es count the Le, En and Z fields as part of their length:\Note further that a box within a superbox may b
bx again and may contain further boxes. The layout-of such boxes is given by Figure A.2, too.

<)

[¢)

Box I

LBox TBox XLBox Payload Data

ength Box Type Box Length
Extension

(optional)

FigureA:2 — Organization of a box within a superbox

14
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Common box types

ISO/IEC 18477-3:2015(E)

.1 General

his Annex defines box types that are common for all parts of the ISO/IEC 18477 family of standards

ekl Sl e will S | |

—

3.2 Integer Table Lookup box

nd shared amongst them. Subsequent parts reference to this Annex as required.

his box shall appear at the top level of the file, it shall not be a subbox of @any’superbox. This box defines
lookup process at the decoder and may be used to implement a point transformation as us¢d in the
ase or range mapping operations which are part of the merging pracess for combining the low flynamic
ange and residual image information to reconstruct a high dynamic range image. This tabl¢ carries
hteger data of up to 16 bit precision, and is indexed by integer values.

here shall be at most one Integer or Floating Point Table\Lookup or Parametric Curve box [for each
vialue of M within the same superbox or within the codestream at top level.

The type of this box shall be 0x544f4e45, ASCII enceding of “TONE”.
The box organization is defined in Figure B.1, the parameters and sizes in Table B.1.
M Ra Dx
Figure B.1 —<Organization of the Integer Table Lookup box
Table-B.1 — Integer Table Lookup box, parameters and sizes
Parameter Size (in Bits) Value Meaning
M 4 0..15 Table destination.|Up to 16
tables can be dgfined.
Rq 4 0.9 Specifies the outpfit preci-

sion of the table ¢ntries.

Table entries shall be
integers in the rgqnge [0,
28+Rd-1]. R4 shall fit to the

application of the table,
see Annex C.

© ISO/IEC 2015 - All rights reserved
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Table B.1 (continued)

Parameter Size (in Bits)

Value

Meaning

Dy 16 or 32

0..2Rt+8-1

Table contents.

For Ry < 8, each entryis a
16 bit unsigned integer.

For Rp>8, each entry is a
32 bit unsigned integer.

ALl 1 1 111
Al TITUIITucTLr S SIidIT UT
represented in big-endian
format.

The number oftable en-
tries can be derived from
the box length. The size of
the tableshall be a power

of two that fits to the ap-
plication of the table, see

Annex C for details.

The valfie of R; defines the output range of the table lookup process in bits. The length of the table

dependq on the input precision required for the application of the table. The number of table entrig

shall be Rl where | is an application dependent integer.

B.3 Floating Point Table Lookup box

This boy shall appear at the top level of the file, it shall not be a subbox of any superbox. This box defing
a lookup process at the decoder and may be used to iniplement a point transformation as used in t

base or range mapping operations which are part of th&'merging process for combining the low dynam
range aifd residual image information to reconstriict a high dynamic range image. This table carrig
floating[point data of 32 bit precision, and is indexed by integer values.

There shall be at most one Integer or Floating Point Table Lookup or Parametric Curve box for eac

value of[M within the same superbox or within the codestream at top level.

The typ¢ of this box shall be 0x46544f4e, ASCII encoding of “FTON".

The box|organization is defined'in Figure B.2, the parameters and sizes in Table B.2.

S

M Ry Dk
Figure B.2 — Organization of the Floating Point Table Lookup box
Table B.2 — Floating Table Lookup box, parameters and sizes
Parameter Size (in Bits) Value Meaning
M 4 0..15 Table destination. Up to 16
tables can be defined.
Rq 4 0 Reserved for ITU | ISO/IEC
purposes.
16 © ISO/IEC 2015 - All rights reserved
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Table B.2 (continued)
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Parameter

Size (in Bits)

Value

Meaning

Dy

32

non-negative numbers

Table contents. Each entry is a
ISO/IEC/IEEE 60559 big endian
single precision 32 bit floating

point number.

The number of table entries
can be derived from the box

}CllBt}l. T}IC D;LC Uf t}l
shall be a power of two
to the applicationof t}
See Annex.C for def

e table
that fits
e table.
ails.

=

he length of the table depends on the input precision required for the application of the ta3
rlumber of table entries shall be 2! where 1 is an application dependent integer.

B.4 Parametric Curve box

his box shall either appear at the top level of the file, or it shall be a sup-box of the Merging Sped
ox or Alpha Merging Specification box. A Parametric Curve Box as\a’subbox shall replace a Pa
(furve box at the top level of the file with the same value of M.

lowlli—|

—

his box defines a decoder mapping process in the form-0f a parameterized curve which mi
more efficient coding than a look-up table. The parametric curve box maps integer, fixed-
oating-point numbers to floating point numbers.

- Q)

—

here shall be at most one Integer or Floating Point Table Lookup or Parametric Curve box
alue of M within the same superbox or withinthe codestream at top level.

<

—

he box type of this box shall be 0x43555256, the ASCII encoding of “CURV”.

The box organization is defined in Figure B.3, the parameters and sizes in Table B.3.

ble. The

ification
rfametric

bht offer
point or

for each

M t e r P P, P; P4

Figure B.3 — Organization of the Parametric Curve box

Table B.3 — Contents of the Parametric Curve box

Paraméter Size (in Bits) Value Meaning

M 4 0..15

curves can be defi

Table destination. Up to 16

hed.

T 4 0..15

pes are

Curve type. Curve tyj

Tt —TooT

4.

0.1
details.

Rounding Mode, see C.1 for

poses. This field shall
be 0.

Reserved for ITU | ISO/IEC pur-

always

P1 32 Depends on t

Curve parameter 1, encod-
ed as big-endian ISO/IEC/
IEEE 60559 single precision
floating point value

© ISO/IEC 2015 - All rights reserved
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Table B.3 (continued)

Parameter Size (in Bits) Value Meaning

Py 32 Depends on t Curve parameter 2, encod-
ed as big-endian ISO/IEC/
IEEE 60559 single precision
floating point value

P3 32 Depends on t Curve parameter 3, encod-
ed as big-endian ISO/IEC/
IEEE (10559 D;lls}\. lJl bL;J;Ull

floating point value

Py 32 Dependsont Curve parameter 4, encod-
ed as big-endian ISQ/VEC/
IEEE 60559 single precision
floating pdint'value

The parpmetric curve to be applied is defined by the t parameter. Depending on't,the parameter|s
P1 throyigh P4 further specify the curve. Note that all parameters are always _present, regardlegs
of the attual curve type. They are, however, eventually ignored. Table B.4\specifies the available
parametric curve types.

Parametric curves are applied in four steps to map an input value to an éutput value:

--  Firsft, the input value x is normalized to the input scale of the channel as specified in Annex C using
a prpcedure that depends on the e parameter. The result of thisvprocess is a scaled input value .

--  Seco¢nd, the parameter t is used to select one out of several.curve types. The value of y and the curvie
parameters Pq through P4 compute then from the scaled input y a scaled output f{y).

D

-- Thifd, the output f{y) is again scaled by a suitablefactor depending on e to match the output rang
of the channel, where scaling is defined in AnneX’C again.

Table B.4 — Predefined parametric curves

Curve Type, Value of t Inverse tone mapping to be performed Remarks
0,1 Reserved for ITU | ISO/IEC
purposes.
2 f(x) =x Identity transformation, input

data is passed through, though
scaling of input and output
applies.

P1 through P4 are ignored.

3 Reserved for ITU | ISO/IEC
purposes

4 f(x) = ((x+P3)/(1+P3))P2 for x = P1 and This is an inverse gamma

fh e (D D1 D PO /D for . D mapping with parameters Py
Wl EIZAN 3JJ 71 T through P3.

For P1=0. 04045, P»=2. 4, P3=0.
055, this is the sRGB nonline-
arity.

5 f(x) = xx(P2-P1)+P1 Linear ramp with start value
P1 and end value P;. P, shall be
larger than P4. P3 and P4 are
ignored.

6 f(x) =P3xexp(xx(P2-P1)+P1)+P4 Exponential map from a linear
ramp.

18 © ISO/IEC 2015 - All rights reserved
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Table B.4 (continued)
Curve Type, Value of t Inverse tone mapping to be performed Remarks

7 f(x) = sign(P1)xlog((|P1]|xx)P2+P3)+P4 Logarithmic map. The param-
eters P through P3 shall be
positive.

8 f(x) = (P2-P1) x xP3 + P1 Inverse gamma mapping
without toe region followed by
scaling to the range [Pq, P2].

.15 Reserved for ITU | ISO{IEC
purposes.

B.5 Fix-point Linear Transformation box

his box shall either appear at the top level of the file, or it shall be a sup-box of the’Merging Spec
ox or Alpha Merging Specification box. A Fix-point Linear Transformation Box'as a subbox shal
Fix-point Linear Transformation Box at the top level of the file with the sanmie value of M.

[ eouli—|

—

here shall be at most one Floating-point Linear transformation box or{nteger Linear Transformg
br each value of M within the same superbox, or within JPEG XT marKers at top level of the code

-

his box defines a free-form table based linear transformation, This box defines nine paramete
pecify the entries in a 3x3 matrix:

W=

a1‘1 a12 a1 3
a21 a22 a23
a31 a32 a33

Up to eleven free form transformations can be defined; its entries are fixed-point numbers
reshifted by 13 bits.

=

he type of this box shall-be0x4D545258, ASCII encoding of “MTRX".

wl

igure B.4 describes.thelorganization of this box segment, Table B.5 the parameters and parame

ification
| replace

tion box
stream.

s which

that are

er sizes.

M t a1 a1z ai3 daz1 az2 az3 dasi asz

dss

Figure B.4 — Organization of the Fixed-Point Linear Transformation box

Table B.5 — Fixed-Point Linear Transformation box contents

Parameter Size (in bits) Value Meaning

M 4 5.15

Table Destination. Up to

eleven free form linear

transformations can be
defined.

Reserved for ITU | ISO/IEC
purposes.

© ISO/IEC 2015 - All rights reserved
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Table B.5 (continued)

Parameter Size (in bits) Value Meaning
ai 16 -32768 to 32767 First parameter of the 3x3
transformation.
This and all following

parameters are represent-
ed by big-endian 16 bit

integers
aiz 16 -32768 to 32767 Second parameter
a3 through azs All other parameters in
the same format.
NOTE Due to scaling that is applied, the integer coefficients of the transformation matrix for t=13 can alsp

be undergtood as fix point numbers which are pre-shifted by 13 bits.

B.6 Floating-point Linear Transformation box

This box
box or A

replace & Floating-point box at the top level of the file with the same value of M.

There sh

for each|value of M within the same superbox, or within JPEG XT markers at top level of the codestream|

This box
specify {

Up to eld
in ISO/1

The typ
Figure B

shall either appear at the top level of the file, or it shall be a sup-box.of the Merging Specificatio
Ipha Merging Specification box. A Floating-point Linear Transformation Box as a subbox sha

—

all be at most one Floating-point Linear transformation box‘op Integer Linear Transformation box

defines a free-form table based linear transformation: This box defines nine parameters which
he entries in a 3x3 matrix:

a11 a12 a1 3
a21 a22 a23
a31 a32 a33

bven free form transfoxmations can be defined; its entries are floating-point numbers encodefd
KC/IEEE 60559 single precision, big endian representation.

e of this box shall'be 0x46545258, ASCII encoding of “FTRX”.

.5 describes’the organization of this box segment, Table B.5 the parameters and parameter size$.

M

t a1l a1z ai3 az1 daz2 az3 as1 asz ass

Figure B.5 — Organization of the Floating Point Linear Transformation box

Table B.6 — Floating Point Linear Transformation box contents

Parameter Size (in bits) Value Meaning

M 4 5.15 Table Destination. Up to
eleven free form linear

transformations can be
defined.

20
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Table B.6 (continued)

Parameter Size (in bits) Value Meaning
t 4 0 Reserved for ITU | ISO/IEC
purposes.
ail 32 arbitrary First parameter of the 3x3

transformation encoded
as 32 bit single precision
big-endian ISO/IEC/

1D N0
T OUJJ 7 1ITo nber.

aip 32 arbitrary Second paramjeter

a3 through az3 All other'paramgters in
the same format.

B.7 Legacy Data Checksum box

This box keeps a checksum over the legacy codestream content, i.e. all data’ except those contained in
dpplication markers (APPgg through APP15) using the algorithm defined\in Annex D. Decoders|may use
his data to test for the integrity of the legacy codestream, and thusto-test whether the base impge data
Has been tampered with. A JPEG XT file shall contain at most one.egacy Data Checksum Box.

—

NOTE If a decoder detects that the checksum over the received’data differs from the checksum re¢orded in
this box, it may either abort decoding, or may only decode the bas¢ image and reject the residual stream or may
attempt a full decoding at its discretion.

The type of this box shall be 0x4C43484B, ASCII encoding of “LCHK".

wl

igure B.6 describes the organization of this box,segment, Table B.7 the parameters and paramefer sizes.

Chk

Figure B.6 — Organization of the Legacy Data Checksum box

Table B(7+— Legacy Data Checksum Box, Parameters and Sizes

Parameter Size (bits) Value Meaning

Chk 32 Varies Checksum over the|legacy

codestream, to be cqmputed

by the algorithm defined in
AnnexD.

==

3.8 File Type box

This box shall appear as first box in the first JPEG XT marker segment of a JPEG XT codestream. It shall
not be a subbox of any other box and it shall not be broken up into multiple JPEG XT marker segments

The File Type box specifies the Recommendation | International Standard which completely defines
all of the contents of this file, as well as a separate list of readers, defined by other Recommendations |
International Standards, with which this file is compatible, and thus the file can properly interpreted
within the scope of that other standard. This differentiates between the standard which completely
describes the file, from other standards that interpret a subset of the file.

All files shall contain one and only one File Type box at top level of the file, and this box shall be the first
box in the file.
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The type of the File Type box shall be 0x66747970, ASCII encoding of “ftyp”. The organization of this
box is depicted in Figure B.7, its parameters and fields in Table B.8.

BR MinV CLo CLN.l

Figure B.7 — Organization of the File Type box

Lla D O
O

T il T L. i+ A 3
1T AUIC . LIIC l_y lJC UUA, Pal AIIICICT O dIIU JILC O

Parameter Size (bits) Value Meaning

BR 32 0x6a707874 This field specifiestheRec-
ommendation | lnternationa
Standard which completely
defines thisfile. This field is
specified by a four byte ASCI[
string.(The value of this field
shall\be “jpxt”, indicating
that.the file is compliant to
JPEG XT.

MinV 32 0 Minor Version. This parame-
ter defines the minor version
number of this JPEG XT
specification for which the
file complies. The parame-
ter is defined as a 4 byte big
endian unsigned integer. The
value of this field shall be 0.
However, readers shall con-
tinue to parse and interpret
this file even if the value of
this field is nonzero.

ASCII value of “jpxt”

CL; 32 varies Compatibility list. This field
specifies a code representing
this part of ISO/IEC 18477,
another standard, or a
profile of another standard,
to which this file conforms.
This field is encoded as a fouf
byte string of ASCII charac-
ters. A file that conforms to
this part of ISO/IEC 18477
shall have at least one CL;
field in the File Type box,
and shall contain the value
“jpxt” in one of the CL; fields.
All conforming readers shall
properiy interpret ail tiles
with “jpxt” in one of the CL;
fields.

Other values of the Compati-
bility list fields are reserved
for ITU | ISO/IEC use.

The number of CL;j fields is
determined by the length of
this box.
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B.9 Sample Unit box

This optional box shall appear on the top level of the JPEG XT codestream. If it is exists, it defines the

unit of the sample values, i. e. a conversion factor from sample values to absolute radiance as

given in

cd/m2 (nits). If this box is present, sample values represent absolute radiance values, otherwise only
relative radiance is encoded. If this box is present, the absolute radiance L, of a sample in candela per

square metre is given by

L = nitsxL,

where L is the decoded sample value and nits is the parameter in the Sample Unit box.
The type of the Sample Unit box shall be 0x554E4954, ASCII encoding of “UNIT”. The-organization of
this box is depicted in Figure B.8, its parameters and fields in Table B.9.
nits
Figure B.8 — Organization of the Sample Unit-box
Table B.9 — Sample Unit box, parameters and sizes
Parameter Size (bits) Value Meaning
nits 32 >0 This multiplier converts

absolute radiance,

defines the unit in

IEC/IEEE 60559 n

the sample values into an
in cd/m2 (nits) and hence

sample values are represent-
ed in the codestrpam.

This field is encod¢d as a
32-bit big-endian 321bit ISO/

easured

ich the

mber.

ey

3.10 Primary Colour-Coordinate box

QO

olour coordinates of decoded sample values is defined by other means not specified by thi
50/1EC 18477.

— 0 O

—

he type of the Primary Colour Coordinate box shall be 0x50434f43, ASCII encoding of “PC
rganization of this box is depicted in Figure B.9, its parameters and fields in Table B.10.

(@)

his optional box shalLappear on the top level of the JPEG XT codestream. If it is exists, it defipes the x
nd y coordinates-n the XYZ colour space of the primary colours encoded by the samples. This |
nly exist if thenumber of components Nf encoded in the codestream is 3. If this box does not ¢

box shall
xist, the
b part of

DC”. The

X0 Yo X1 V1 X2 y2

Figure B.9 — Organization of the Sample Unit box
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Table B.10 — Primary Colour Parameter box, parameters and sizes

Parameter Size (bits) Value Meaning

X0 32 =0 This parameter specifies the x
chroma coordinate in the XYZ
colour space of the first com-

ponent. It is encoded as a 32-bit

big-endian ISO/IEC/IEEE 60559

floating point number.

T‘llib lel dllICLCT prLifiUb Lllt: _y
chroma coordinate in the X¥Z
colour space of the first Coni-
ponent. It is encoded as'al32-bit
big-endian ISO/IEC/IEEE 60559
floating point number.

w
N
)

[«

Y1

The z coordinate of the first
colour primatyis given as zp=11
X0-Yo
X1 32 =0 This parameter specifies the x
chroma coordinate in the XYZ
tolaur space of the second com-
ponent. It is encoded as a 32-bit
big-endian ISO/IEC/IEEE 60559

floating point number.

V2 32 >0 This parameter specifies the y
chroma coordinate in the XYZ
colour space of the second com-
ponent. It is encoded as a 32-bit
big-endian ISO/IEC/IEEE 60559
floating point number.

X2 32 >0 This parameter specifies the x
chroma coordinate in the XYZ
colour space of the third com-

ponent. It is encoded as a 32-bit

big-endian ISO/IEC/IEEE 60559

floating point number.

V2 32 >0 This parameter specifies the y
chroma coordinate in the XYZ
colour space of the third com-

ponent. It is encoded as a 32-bit

big-endian ISO/IEC/IEEE 60559

floating point number.

B.11 Residual Data box

This box enicapsulates entropy coded segments extending the base image in the spatial domain. The
process for merging the base image with the extension image contained in the residual data box is
defined by the Merging Specification box and/or Alpha Merging Specification box and specified in
further sub-parts of ISO/IEC 18477.

The Residual Data box shall only appear at the top-level of the codestream and not as a subbox of a
superbox. Data contained in this box defines residual data that extends the base image encoded in the
base JPEG stream to an IDR or HDR image. The sample precision of the samples within the codestream
shall be either 8 or 12. While subsampling factors may be different from the base image, the number of
components in the residual codestream and the image dimensions shall be identical to those signaled in
the legacy codestream.
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The type of this box shall be 0x52455349, ASCII encoding of “RESI”. There shall be at most one stream
of residual data after concatenating all JPEG extension marker payload data belonging to this box type.

NOTE Unlike refinement coding, residual coding merges all data into one single box. This box may, however,
extend over several JPEG XT marker segments.

The structure of this box is defined in Figure B.10, the parameters and sizes in Table B.11.

Entropy Coded Data, conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1

Figure B.10 — Organization of the Residual Data box

Table B.11 — Residual Data box, parameters and sizes

Parameter

Size (bits)

Value

Meaning

Data

Varies

Varies

Entropy coded data s
of variable lengths.

egment

ey

3.12 Residual Refinement Data box

his box encapsulates entropy coded data segments that-extend the bit-precision of the e
mage(s) in the DCT domain. The syntax of the encapsulated data and the decoding algorithry
ata is specified in the part(s) of ISO/IEC 18477 that make use of this box. The Residual Ref
ata Box shall only appear at the top-level of the codéstream and not as a subbox of a superb

il Bl e Wil

b non-zero, residual refinement data encapsulatéd-in Residual Refinement Data Boxes shall be

—

he type of this box shall be 0x5246494e, AS€II encoding of “RFIN”. The structure of the payl

xtension
n of this
inement
bx. If the

umber of additional residual refinement bits, the R¢gzParameter of the Refinement Specification subbox

present.

bad data

o

f this box is defined in Figure B.11, the parameters and sizes in Table B.12.

Entropy Coded Data

Figure B.11'=- Organization of the Residual Refinement Data box

Table B.12 — Residual Refinement Data box, parameters and sizes

Parameter Size (bits) Value

Varies

Meaning

Data Varies Entropy coded data Jegment

of variable lengths.

B.43 Refinement Data box

This box encapsulates entropy coded data segments that extend the bit-precision of the base image(s)
in the DCT domain. The syntax of the encapsulated data and the decoding algorithm of this data is
specified in the part(s) of ISO/IEC 18477 that make use of this box. It shall only appear at the top level
of the codestream and not as a subbox of a superbox. If the number of additional base refinement bits,
the Rp-Parameter of the Refinement Specification subbox of the Merging Specification Box is non-zero,
refinement data encapsulated in Residual Refinement Data Boxes shall be present.

The type of this box shall be 0x46494e45, ASCII encoding of “FINE”. The structure of the payload data
of this box is defined in Figure B.12, the parameters and sizes in Table B.13.
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Entropy Coded Data

Figure B.12 — Organization of the Refinement Data Box

Table B.13 — Refinement Data box, parameters and sizes

Parameter Size (bits) Value Meaning

Data Varies Varies Entropy coded data segment
of variable lengths.

B.14 Optput Conversion box

This box defines the final bitdepth of the reconstructed samples and defines the cdiversion procesgs
from the¢ result of the base image/residual image merging process to the final output samples. This bojx
shall neyer appear top level in the file, but it shall be a subbox of the Merging Spetification Box or Alpha
Merging Specification box. Exactly one Output Conversion Box shall appear in-the'Merging Specificatiop
Box if a|Merging Specification Box exists, and exactly one Output Conversion Box shall appear in thie
Alpha Mlerging Specification box if such a box exists.

The opefations performed by the Output Conversion process are as follows:

v

— Firsft, the data shall be clipped to range if the Ce flag is set t6 one. The interval to clip to depend
on the value of the Oc bit, and the algorithm for clipping.is*further specified in additional parts qf
ISOfIEC 18477. If the Ce flag is zero, no clipping is performed.

=

— Sec¢nd, if the Oc flag is set, the data shall be convertéed from integer to floating point by a map tha
is fyrther specified in additional parts of ISO/1EG,18477.

[72)

— Ifthe Ol flag is set, the output shall be further transformed by a non-linear point transformation a
spe¢ified in Annex C and which is defined-by the curves or tables addressed by the parameters tojp
thrqugh to3z. The Ol flag and the Oc flag.shall not be both set at the same time.

If Ol is spt, the to; value selects for component i a non-linear transformation by the algorithm specified
in B.16. The non-linear transformatien is either defined by a table lookup through the boxes specified i
B.2 or B{3, or by applying a parametric curve, see B.4.

=

The non-linear transformation itself follow the specifications of Annex C. It requires four additiongl
paramefers, the input range Ry, Re and the output range Ry, Rf. The parameters shall be as follows:

— Rw¥l Re=0
— R¢H[1 Rpz0

The valye of.the rounding mode e shall be 0. Note that its value is, however, ignored for the above choide
of Rt and R3y.

The type of this box shall be 0x4F434F4E, ASCII encoding of “OCON”.

Figure B.13 describes the organization of this box, Table B.14 the parameters and parameter sizes of
the box.

Ry Lf Oc Ce ol to, toy to; tos

Figure B.13 — Layout of the Output Conversion box
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Table B.14 — Parameters of the Output Conversion box

Parameter

Size (in bits)

Value

Meaning

Rp

4

8

Number of additional bits
available for high dynamic
range data. The bit preci-
sion of the reconstructed
high dynamic range image
shall be computed as 8+Rp,.

[N

P
—h

Thisfretdimdicate
whether DCT comlression
is lossy or lo§slessfnear

lossless.

This field may be ysed

to indicate that the DCT
implementation is|con-
strained to particylar
algorithms defined in
further parts of the ISO/
IEC 18477 family qf stand-
ards.

If this field is 0, th¢ only
constraint on the IPCT
implementation is|that

it shall satisfy the grror
bounds of Rec. ITU-T T.83 |
ISO/IEC 10918-2.

Oc

0.1

If this flag is set, clipped
samples are rounded to
integer and conveifted to
floating point by ajmap
that is further spegified
in additional partg of ISO/
IEC 18477.

If this flag is set Ol|shall
be 0

Ce

0.1

This field indicates
whether the output shall
be clipped to rang¢ before
processing the datp fur-
ther.

If the Ce flag and the Oc
flag are both enabled,
clipping is applied|before
conversion to floafling
point.

The interval may on

the value of the Oc flag.
Additional parts of ISO/
IEC 18477 define the inter-
val to clip to.
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Table B.14 (continued)

Parameter

Size (in bits)

Value

Meaning

0]

1

0.1

This field indicates wheth-
er an output lookup or
point transformation is
required.

If enabled, the output
transformation is speci-

L1l L 41 4+ 41 loi
IICU U_y LIIT LU LUIIT Uusu LU

fields.

tog

If Ol is one, this field
defines the output table
for component 0/in other
parts of the’ISO/IEC 18477
family of standards.

If OLis 0, this field is ig-
nofed:

toq

If\0l is one, this field
defines the output table
for component 1 in other
parts of the ISO/IEC 18477
family of standards.

If Olis O, this field is ig-
nored.

top

If Ol is one, this field
defines the output table
for component 2 in other
parts of the ISO/IEC 18477
family of standards.

If Olis 0, this field is ig-
nored.

tos

Reserved for ITU/ISO
purposes.

B.15 Refinement Specification box

This boy defines the number‘of refinement scans for both the base and the residual coding process and
delivers|the parameters'Ry and Ry required by other parts of the ISO/IEC 18477 family of standards. At
most ong Refinement Specification box shall exist as subbox of the Merging Specification Box and Alphla
Merging Specification box. This box shall not appear at top-level of the file, and it shall present if and
only if the file inclvdes either Refinement Data Boxes or Residual Refinement Boxes.

The valuy
image, 4

Box is absent, its inferred value is 0.

The value R shall be identical to the number of residual refinement scans adding least significant bits
to the residual image, and it is thus identical to the number of Residual Refinement boxes at top level of
the file. If the Refinement Specification box is absent, the inferred value of Ry is 0.

The type of the Refinement Specification box shall be 0x52535043, ASCII encoding of “RSPC”.

Figure B.14 describes the organization of this box, Table B.15 the parameters and parameter sizes.
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Rn Rr

Figure B.14 — Layout of the Refinement Specification Box

Table B.15 — Parameters of the Base Transformation box

Parameter Size (in bits) Value Meaning
Rn 4 0.4 Number of refinement
scans in the basedecoding
path.
Rr 4 0.4 Number of refinement
scaps in the residual de-
coding path.

B.16 Non-linear Point Transformation Specification box

his subclause defines multiple boxes, see Table B.16, that are all used to specify a non-linear| process
h the merging process of the base image and the extension image»Details on the box types gnd their
htended use are found in the corresponding parts of ISO/IEC 18477. All boxes defined in this syibclause
hare the same box layout and the same syntax, see Figure B.X5 and Table B.17.

= = 3

wwl

oxes of these types shall only exist as subboxes of the\Merging Specification box or the Alpha Merging
Ypecification box; they shall not appear at top-level of:the file.

Table B.16 — Boxes and boxtypes defined by this subclause

Box Name Box Type ASCII encoding of the Bjox Type

Base Non-linear Point Transformation 0x4C505453 “LPTS”
$pecification Box
§econdary Base Non-linear Point 0x52505453 “CPTS”
Transformation Specification Box
Residual Non-linear Point Transfor- 0x5152505453 “QPTS”
ation Specification Box

ntermediate Residual Non-linear 0x44505453 “DPTS”

oint Transformation-Specification

0x
$econdary Residiral Non-linear Point 0x52505453 “RPTS”
Transformatien Specification Box
Prescaling Non-linear Point Transfor- 0x53505453 “SPTS”
Inatien’Specification Box
Pdstscaling Non-linear Point Trans- 0x50505453 “PPTS”
formation Box

The non-linear point transformation selected by a Non-Linear Point Transformation Specification box is
an Integer Table Lookup box, a Floating Point Lookup box or a Parametric Curve box. 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 Specification Box or Alpha Merging Specification box.

The non-linear point transformation for component i is found by matching the value td; of this box
against the value of M of all Parametric Curve boxes, Integer Table Lookup boxes or Floating Point
Lookup boxes found in the same super box or at the top-level of the file. If a box with a matching M value
exists both as a subbox of the same encapsulating super box and on the top-level of the file, the box
within the super box takes precedence.
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The non-linear point transformation itself is given by the process specified in Annex C. It requires five
additional parameters, the value of the parameter e, the input range Ry, Re and the output range R¢, Ry.
The value of these parameters depends on the box type and is specified in the corresponding part of
ISO/IEC 18477 which makes use of this box.

Figure B.15 depicts this process: A JPEG XT decoder reserves 16 slots for non-linear transformations.
Each slot may be occupied by a non-linearity that is either specified by a Integer Table Lookup box (see
B.2), or a Floating Point Table Lookup box (see B.3), or a Parametric Curve box (see B.4). The M value,
present in all the above box types, selects the slot to be populated by the corresponding box.

Each Nop-linear Point Transformation Specification box and the Output Conversion box select now up.t|
four nonl-linearities by referencing the slot indices of the transformation to be used for each componen
Non-lindarities may be re-used by referencing their slot numbers multiple times.

Output
Conversion
Box
(OCON)

Nonlinear Nonlinear
Point Point
Transformation Transformation
Box Box
(LPTS,CPTS..) (LPTS,CPTS..)
td,=0 td=2
td,=1 td =14
E td,=1 td,=2

—

Slot0 f§ Slot1

Slot 2

td,=4

td,=15

td,=15

Slot 3 J Slot 4 Slot 14

I_t

e

Slot 15

TONE CURV

M=0 M=1

FTON GURV

M=2 M=15

Figure H.16 describes the organization of this box, Table B.17 the parameters and parameter sizes.

,_f

The value of M selects the slot
a CURV/TONE/FTON box

occupies

Figure B.15 — Selection of non-linearities through indirection by slot-indices

16'slots shared by Integer
Lookup Boxes, Floating Point
Lookup Boxes, and
Parametric Curve Boxes

e

tdo

tdy

td;

tds

Table B.17,—Parameters and sizes of the Non-linear Point Transformation Specification boxes

Figure B.16¢—Layout of the Non-linear Point Transformation Specification boxes

arameter

Size (in bits)
S e

alue

Meaning
5

tdo

4

0..15

The value of tdg selects the
Integer or Floating point
Table Lookup or Paramet-
ric Curve box whose M
value matches the value
tdop. This table or para-
metric curve is applied as
non-linear point transfor-
mation of component 0.

30
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Table B.17 (continued)

Parameter Size (in bits) Value Meaning

tdy 4 0..15 The tdq value is used to
select the non-linear point
transformation for com-
ponent 1 if it is present.
Otherwise, the value is
ignored.

£
L3 w4

NS
P
ik
g1

The-tdvattetstsed to
select the non-linepr point
transformation forf com-
ponent 2 if'itis present.
Otherwise, the valpe is
ignored.

tds 4 0..15 Resérved for ITU ||ISO/IEC
purposes.

=

.17 Linear Transformation Specification box

—

his subclause defines multiple boxes, see Table B.18, that all describe a linear transformation pbetween
he components of the base or extension image. Boxes of this type are used in multiple stages of the
herging process of base and extension image defined in patrts of ISO/IEC 18477. All boxes dg¢fined in
his subclause share the same box layout and the same syntax, see Figure B.16 and Table B.19. Boxes
f the types listed in Table B.18 shall only exist as subboxes of the Merging Specification box pr Alpha
erging Specification box.

& =~

ZO

Table B.18 — Boxes and box types defined by this subclause

Box Name Box Type ASCII encoding of the Bpx Type
Residual Transformation Box 0x52545246 “RTRF”
Colour Transformation Box 0x43545246 “CTRF”
Residual Colour Transformation Box 0x44545246 “DTRF”
Prescaling Transformation:Box 0x53545246 “STRF”

This box shall only exist'as a subbox of the Merging Specification box. It shall only exist if the|number
f components in the image (base or extension) equals 3. If the number of components equals|one, the
Fansformation isthe’identity implicitly.

[mille)

t values 0 t@ 4-correspond to pre-defined linear transformations that are defined in other syib-parts
f ISO/IEC.18477, they are reserved for ITU | ISO/IEC purposes. Xt values between 5 and 15 dre user-
efined_transformations.

Q.0 X<

The’matrix for user-defined linear transformation is found by matching the value Xt of the Linear
Transformation Specification box against the value of M of all Fixed Point and Floating Point Linear
Transformation boxes found in the same super box or at the top-level of the file. If a box with a matching
M value exists both as a subbox of the encapsulating super box and on the top-level of the file, the box
within the super box is selected.

If Xtis below 5, the algorithm for the linear transformation is defined in other parts of the ISO/IEC 18477
family of standards. If Xt is 5 or above, the linear transformation is given by a matrix multiplication of
the column vector of the three component input with the matrix contained in the Fixed Point or Floating
Point Linear Transformation box whose M value matches the Xt value.

Figure B.17 depicts this process: A JPEG XT decoder reserves 16 slots for linear transformations. Five
of the slots are pre-occupied with standard-defined transformations, all other slots can be user defined
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and can be occupied by either a Fixed Point or a Floating Point Linear Transformation box. The M value,
present in both box types, selects the slot to be populated by the corresponding box.

Each Linear Transformation Specification box selects now one linear transformation by referencing the
slot indices of the transformations they are supposed to apply to the data. Linear transformations may
be re-used by referencing their slot numbers multiple times.

Linear TransformationSpecification Boxes reference slots by their Xt values. A slot
may be used multiple times by multiple boxes.

Linear Linear Linear
Transformation Transformation Transformation
Specification Specification Specification
Box Box o Box
(RTRF, CTRF..) (RTRF,CTRF..) (RTRF,CTREF..)

|— Xt=1 I: Xt=4 Xt=15

y ) A

I 16 slots shared by Floating
Slot 0 ‘ Slot 1.‘ Slot 2,‘ Slot 3,| Slot4 1 ... gt 14|SIot 15| Point and Fixed Point Linear
(resv.) J(pre-def')l(pre-def')(pre-def ) (pre-def') .
Transformation Boxes
[} [ Slots 0..4 are pre-defined.
| Slots 5..15 can be defined by
FTRX or MTRX boxes

MTRX FTRX The value of M selects the slot
a CURV/TONE/FTON box
M=14 M=15 occupies

Figure B.17 — Selection,of linear transformations through indirection by slot-indices.

Figure B.18 describes\the organization of this box segment, Table B.19 the parameters anfd
parameter sizes.

Xt Re
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Table B.19 — Parameters and sizes of the Linear Transformation Specification box

Parameter Size (in bits) Value Meaning

Xt 4 0..15 Defines the linear trans
formation to be used.

Valid choices and inter-
pretation of this value are
specified in other parts of

ISO/IEC 18477.

Re 4 0 Reserved for ITY ||ISO/IEC
purpases

B.18 DCT Specification box

This subclause specifies multiple boxes, see Table B.20, that define the DCT transformation in either
the base or residual decoding pass required for lossless or near-lossless decoding. Boxes of this type
shall be present if and only if the Lf flag of the Output Conversion box is’one. All boxes defined in this
sjubclause share the same box layout and the same syntax, see Figure B.19'and Table B.21. Boxes of the
types listed in Table B.20 shall only exist as subboxes of the Merging-Specification box or Alpha Merging
Ypecification box.

Table B.20 — Boxes and box types defitied by this subclause

Box Name Box Type ASCII encoding of the Box Type
Base DCT Specification Box 0x4C444354 “LDCT”
Residual DCT Specification Box 0x52444354 “RDCT”

he encoding of the dct and Ns fields of thisbox, as well as the DCT itself is defined in other|parts of
50/1EC 18477. Valid choices for the parameters depend on the box type that is also specified in later
arts of ISO/IEC 18477.

wwl o=

igure B.19 describes the organization of this box, Table B.21 the parameters and parameter sifes.

dct Ns

Figure B.19 — Layout of the DCT Specification boxes

Table B.21 — Parameters and sizes of the Base DCT Specification box

Rarameter Size (in bits) Value Meaning

dct 4 0..15 Selects the DCT that shall
be used for recompstruc-
tion Valid choices are
defined in other parts of
ISO/IEC 18477.

Ns 4 0..15 Defines other processing
options in the absence of a
DCT in the decoding path.

B.19 Merging Specification box

This box is a superbox that defines the process and parameters for merging low dynamic range image
with the residual image to reconstruct the final output image. At most one Merging Specification box
shall be present in the codestream. The contents of this superbox are specified in additional parts of the
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18477 family of standards. This box shall be represented by a single JPEG XT marker segment

in front of the first SOF marker of the ISO/IEC 18477-1 codestream.

The type of this box shall be 0x53504543, ASCII encoding of “SPEC”.

Figure B.20 describes the organization of this box. Subboxes of this box are defined in Annex B.

Boxes (see A.5)

B.20 Al

This bo
channel
Residua

similar in content and purpose to the Merging Specification box.

At most
present
single ]1

The typ

Figure H

Figure B.20 — Organization of the Merging Specification box

pha Merging Specification box

k is a superbox that encapsulates all boxes describing the process of genérating the alphp
from the Alpha Codestream Box, the Alpha Refinement Box, the Residual Alpha box and the
Alpha Refinement box. It does not contain the entropy coded data itself. Otherwise, this box is

[}

one Alpha Merging Specification box shall be present in the codestream, and this box shall b
if and only if the JPEG XT file includes opacity information. This\box shall be represented by
PEG XT marker segment in front of the first SOF marker of the'ISO/IEC 18477-1 codestream.

<)

e of this box shall be 0x41535043, ASCII encoding of “ASPC”.

.21 describes the organization of this box. Subboxes“af'this box are defined in Annex B.

Boxes (seeiA.5)

B.21A]
This bo3

The paylload of this box shall\form a codestream conforming to Rec. ITU-T T.81 | ISO/IEC 109181

confined
modes [
informa
box is pi

The typ
of opacit

Figure B.21 — Organization ofthe Alpha Merging Specification box

pha Codestream box

encapsulates entropy coded segments forming the base layer of the opacity data of an imagg.

| to the baseline Huffinnan, extended Huffman or progressive Huffman coding modes, i. e. codinlg
ermitted by ISOZHEC 18477-1. The sample values reconstructed from this data define opacitly
Fion. This box;shall be present if the Output Conversion box in the Alpha Merging Specificatiop
esent.

b of this-box shall be 0x414C4641, ASCII encoding of “ALFA”. There shall be at most one stream
y data after concatenating all JPEG extension marker payload data belonging to this box type.

NOTE

’|"1-\ is knv js—an—-epti r\h’\] knv 'T‘l-\ ic knv ats ha miccing hacanicn an tyagn doac mat tnelinds Ao sty

DOXTo T OPT TS oty O CTTo oS o e taast— o s, C— o to—T1oT Herdeae opatcTc)y

information or decoder implementations may ignore it if they do notintend to make use of the opacity information.

The structure of this box is defined in Figure B.22, the parameters and sizes in Table B.22.

Entropy Coded Data

34

Figure B.22 — Organization of the Alpha Codestream box
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