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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

member

s 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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Introduction

This document is an extension of ISO/IEC 18477-1, a compression system for continuous-tone digital
still images, which is backwards compatible with Rec. ITU-T T.81 | ISO/IEC 10918-1. This means that
legacy applications conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 will be able to reconstruct streams
generated by an encoder conforming to this document, although it is possible that they will not be able
to reconstruct such streams in full dynamic range or quality or using other features defined in this
document.

[his document provides a flexible and extensible framework to enrich ISO/IEC 18477-1 cenforming
dodestreams with side-channels and metadata. The syntax chosen in this document dpfines a

echanism to embed syntax elements denoted as “boxes” into Rec. ITU-T T.81 | ISQHEC [10918-1
donforming codestreams. The box syntax used in this document is identical to that défined in the JPEG
series, for example JPEG 2000 image coding system (Rec. ITU-T T.800 | ISO/IEC,15444-1). Baxes will
then carry either additional image data, to enable encoding of images of higher bit.depth, high-flynamic
hnge (HDR), including alpha channels, etc., or metadata that describes the.décoding procegs of the
legacy Rec. ITU-T T.81 | ISO/IEC 10918-1 codestream and the side chanpels to an extended| or HDR
iage.

[his document specifies an extensible file format, denoted as JPEG XF, which is built on top of the|existing
Hec. ITU-T T.81 | ISO/IEC 10918-1 codestream definition. Whilextypically, file formats enchpsulate
dqodestreams by means of additional syntax elements such as baxes, the file format structure dpecified
ih this document embeds the syntax elements of the file format, called boxes, into the codestrgam. The

ecessity for this unusual arrangement is the backwards‘ecompatibility to the legacy standard and the
application toolchain built around it. This means thatilegacy applications conforming to Rgc. ITU-T
.81 | ISO/IEC 10918-1 will be able to decode image ¥nformation embedded in files conforminig to this
document, although they will only be able to recoyetr’a three component, 8 bit per sample, lower quality

ersion of the image described by the full file.

Hor more demanding applications, it is ngt“dncommon to use a bit depth of 16, providing 65 536

epresentable values to describe each channel within a pixel, resulting on over 2.8 x 1014 repregentable
dolour values. In some less common.scénarios, even greater bit depths are used, and sometimes the
dynamic range of the image is so high'that a floating-point based encoding is desirable. In adflition to
ifnage information, some applicationis 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 re¢present
spme function of the intensity of each colour channel. While it can be theoretically possible fo agree
dn one method for assigning specific numerical values to real world colours, doing so is not gractical.
Since any specifie-device has its own limited range for colour reproduction, the device’s range can 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, especially when using only 8 bits (or 254 unique

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

JPEG XT is designed to extend the legacy JPEG standard towards higher bit depth, higher dlynamic

andeand-widecolour gamut content—while simultaneoy allowing legacy applications td decode
the image data in the codestream to a standard low-dynamic range (LDR) image represented by only
8 bits per channel. The goal is to provide a backwards compatible coding specification that allows
legacy applications and existing toolchains to continue to operate on codestreams conforming to this
document.

JPEG XT has been designed to be backwards compatible to legacy applications while at the same time
having 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.

© ISO/IEC 2023 - All rights reserved v
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Box file format

Scope
br continuous-tone photographic content.

Normative references

he following documents are referred to in the text in such a wayythat some or all of thein
onstitutes requirements of this document. For dated references, only the edition cited app
ndated references, the latest edition of the referenced document (including any amendments)

BO/IEC 18477-1, Information technology — Scalable compression and coding of continuous-{
mages — Part 1: Core coding system specification

ec. ITU-T T.81 | ISO/IEC 10918-1, Information (technology — Digital compression and c
ontinuous-tone still images: Requirements and guidelines

Terms, definitions, abbreviatedterms and symbols

.1 Terms and definitions
or the purposes of this document, the following terms and definitions apply.
50 and IEC maintain terminology databases for use in standardization at the following addres

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

- IEC Electropedia: available at https://www.electropedia.org/

1.1
|SCII encoding
ncodingof text characters and text strings according to ISO/IEC 10646-1

A2

his document specifies box-based container format, referred to as JPEG XT, whiclris designed primarily

content
lies. For
applies.

one still

bding of

Ses:

ase decoding path

process of decoding legacy codestream and refinement data to the base image, jointly with all further

S

teps, until residual data is added to the values obtained from the residual codestream

3.1.3

base image
collection of sample values obtained by entropy, decoding the discrete cosine transformation (DCT)
coefficients of the legacy codestream and the refinement codestream, and inversely DCT transforming
them jointly

314
bit stream
partially encoded or decoded sequence of bits comprising an entropy-coded segment

© ISO/IEC 2023 - All rights reserved
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3.1.5
box

structured collection of data describing the image or the image-decoding process embedded into one or
multiple APP;; marker segments

Note 1 to entry: See Annex A for the definition of boxes.

3.1.6
byte

group of 8 bits

3.1.7
compre|
reductiag

3.1.8
compor
two-din

Note 1 to

3.19
contin
image

3.1.10

decoder
embodiment of a decoding process

3.1.11
decodin
process

3.1.12

encoder
embodiment of an encoding process

3.1.13
encodin
process

3.1.14
extensi
sample
(DCT) a
residual

3.1.15

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

ent
ensional array of samples having the same designation in the output or display device

entry: An image typically consists of several components, e.g. red, green and-blue.

us-tone image
hose components have more than one bit per sample

g process
which takes as its input compressed image ddta and outputs a continuous-tone image

g process
which takes as its input\a’continuous-tone image and outputs compressed image data

bn image

ralues as reconstructed by inverse quantization and inverse discrete cosine transformatio
bplied to the-entropy-decoded coefficients described by the refinement scan, residual scan an
refinement scans

a2=

high-dy

namic range

HDR

image or image data comprised of more than 8 bits per sample

3.1.16

legacy codestream
collection of markers and syntax elements defined by Rec. ITU-T T.81 | ISO/IEC 10918-1 without any
syntax elements defined by ISO/IEC 18477-1, ISO/IEC 18477-2,1SO/IEC 18477-3

Note 1 to entry: In this definition, the legacy codestream consists of the collection of all markers except those
APP,; markers that describe JPEG XT boxes by the syntax defined in Annex A.

© ISO/IEC 2023 - All rights reserved
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3.1.17

legacy decoder

embodiment of a decoding process conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1, confined to the
lossy discrete cosine transformation (DCT) process and the baseline, sequential or progressive modes,
decoding at most four components to 8 bits per component

3.1.18

lossless
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)

3.1.19
lpssy
gncoding and decoding processes which are not lossless

3.1.20

lpw-dynamic range

/DR

ifnage or image data comprised of data with no more than 8 bits per sample

3.1.21

tharker

Z-byte code in which the first byte is hexadecimal FF and thesgecond byte is a value betweg¢n 1 and
Hexadecimal FE

L)

1.22
harker segment
harker together with its associated set of parameters

= =

(%]

1.23
ixel
ollection of sample values in the spatial image domain having all the same sample coordinateg

Q=

Note 1 to entry: A pixel may consist of thrée samples describing its red, green and blue value.

[§%]

1.24
point transformation
caling of a sample or discrete‘cosine transformation (DCT) coefficient by a factor

wn

(%]

1.25
precision
umber of bits allocdated to a particular sample or discrete cosine transformation (DCT) coeffidient

=

(F%)]

1.26
procedure
et of steps’'which accomplishes one of the tasks which comprises an encoding or decoding prog¢ess

(%)

3.1.29

riesidual decoding path
collection of operations applied to the entropy coded data contained in the residual data box and
residual refinement scan boxes up to the point where this data is merged with the base image to form
the final output image

3.1.28

residual image

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

© ISO/IEC 2023 - All rights reserved 3
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3.1.29

refinement scan

additional pass over the image data that is invisible to legacy decoders, which provides additional
least significant bits to extend the precision of the discrete cosine transformation (DCT) transformed
coefficients

Note 1 to entry: Refinement scans can be either applied in the base or residual decoding path.

3.1.30
sample
one elenpent in the two-dimensional image array which comprises a component

3.1.31
sample [grid
commor1} coordinate system for all samples of an image such that the samples at the top left édge of thee
image have the coordinates (0, 0), the first coordinate increases towards the right, the second towardfs
the bottpm

3.2 Abbreviated terms

ASCII American Standard Code for Information Interchange
LSB east significant bit

MSB ost significant bit

HDR igh-dynamic range

IDR ntermediate-dynamic range

JPEG informal name of the committee that created this document
LDR  low-dynamic range

TMO fone mappinggoperator

DCT iscrete €osine transformation

3.3 Symbols

X Width of the sample grid in positions

Y Height of the sample grid in positions

Nf Number of components in an image

S;x  Subsampling factor of component i in horizontal direction
Si,y Subsampling factor of component i in vertical direction

H, Subsampling indicator of component i in the frame header

4 © ISO/IEC 2023 - All rights reserved
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ss in the

V; Subsampling indicator of component i in the frame header

Vyy  Sample value at the sample grid position x, y

Ry Additional number of DCT coefficient bits represented by refinement scans in the base decoding
path. 8+R), 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.

R, Additional number of DCT coefficient bits represented by refinement scans in the residual decod-
ing pnfh PR _isthe numberofnon-fractionalbits ofthe nnfpnf ofthe inverse DCT proce
residual decoding path, where P is the frame-precision of the residual image as recofdé¢d in the
frame header of the residual codestream.

R, Additional bits in the HDR image. 8+R, is the sample precision of the reconstructéd HDR image.

o 3

NOTE

4.2.1

4 Conventions

4.1 Conformance language

he keyword "reserved" indicates a provision that is not specified-at this time, shall not be ul
hay be specified in the future. The keyword "forbidden" indicates."reserved" and, in addition, i
hat the provision will never be specified in the future.

4.2 Operators

Many of the operators used in this document are'similar to those used in the C programming |
Arithmetic operators

+ Addition

- Subtraction (as a biary operator) or negation (as a unary prefix operator)
X Multiplication

/ Divisionwithout truncation or rounding

umod xumeda is the unique value y between 0 and a-1
for'which y+Na = x with a suitable integer N

Logical operators

[f Logical OR

&& Logical AND

sed, and
ndicates

anguage.

! Logical NOT
€ x € {A, B} is defined as (x==A || x==B)
& x & {A, B} is defined as (x = A && x |= B)

© ISO/IEC 2023 - All rights reserved
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4.2.3 Relational operators

> Greater than

>= Greater than or equal to
< Less than

<= Less than or equal to

3= Equal to

= Not equal to

4.2.4 Precedence order of operators

Operatofs are listed below in descending order of precedence. If several operators appear in the sam
line, they have equal precedence. When several operators of equal precedence appear at the same leve
in an expression, evaluation proceeds according to the associativity of the operdtor-either from right t
left or frjom left to right.

S = ®

(Operators Type of operation Associativity
)Ll - Expression Left to Right

Unary negation

,/ Multiplication Left t¢’Right
umod Modulo (remainder) Left to Right
1, - Addition and Subtraction Left to Right
%¥,> <=,>=  Relational Left to Right

4.2.5 Mathematical functions

[x1 Ceiling of x. Returns the smallest integer that is greater than or equal to x
Lx/ Floor of x. Returns the largest integer that is lesser than or equal to x.

k<] Absolute value, is —x for x < 0, otherwise x.

dign(x) Sign of x, 0 if x is 0, +1 if x is positive, -1 if x is negative.

¢lamp(x.min,max) _ Clamps x to the range [min, max]: returns min if x < min, max if x > max dr
otherwise x.

x4 Raises the value of x to the power of a. x is a non-negative real number, a is a
real number. x?is equal to exp(axlog(x)) where exp is the exponential function
and log() the natural logarithm. If xis 0 and a is positive, x? is defined to be 0.

6 © ISO/IEC 2023 - All rights reserved
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5 Overview

5.1 General

This clause gives an informative overview of the elements specified in this document. It also introduces
many of the terms which are defined in Clause 3.

There are three elements specified in this document:

) An "encoder"is an embodimentof an "anr‘nr‘]ing prnr‘ncc" An encodertakes as input "Higif‘] source

image data" and "encoder specifications", and by means of a specified set of "procedures!’generates
as output a "codestream”.

) A "decoder" is an embodiment of a "decoding process". A decoder takes as input a’‘codestr¢am, and
by means of a specified set of procedures generates as output "digital reconstructed imagg data".

d 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 can be required that define the interpretation of the sample data,Such as colour spa¢e or the
spatial dimensions of the samples.

La

.2 High-level overview on JPEG XT

he high-level syntax of an ISO/IEC 18477-3 conforming¢codestream is identical to that dgfined in
50/1EC 18477-1, which is a subset of the syntax defined%n Rec. ITU-T T.81 | ISO/IEC 10918-1} Marker
efinitions and the syntax of the markers defined in‘Rec. ITU-T T.81 | ISO/IEC 10918-1 re¢main in
prce and unchanged. However, this document defiites the APP,; marker, reserved in th¢ legacy
ecommendation | Standard for encoding additional syntax elements. Legacy decoders will $kip and
bnore such marker elements, and hence will only be able to decode the image encoded by the legacy
yntax elements. This part of a JPEG XT file will'be denoted the legacy codestream in the following.

W = = qQ =

his document extends the legacy standard by a syntax element called “box”, using the APP,{ marker
b hide the extended syntax elements.from legacy applications. Boxes and their encoding are gpecified
h Annex A. A common set of boxes.used by ISO/IEC 18477-6, ISO/IEC 18477-7, ISO/IEC 18477-8 and
50/IEC 18477-9 are defined in ‘Anhnex B. A box can either include additional metadata required to
ecode the complete codestréam to full precision, full dynamic range or without loss, or can| contain
ntropy coded image data jtself.

D Q= =t

ow entropy coded data from the side-channels contained in the boxes and entropy coded data in
he legacy codestreaniare merged together is application dependent and defined in ISO/IEC 18477-6,
50/1EC 18477-7,4SO/1EC 18477-8 or ISO/IEC 18477-9. It is beyond the scope of this document to define
his process.

+ — ot

3.3 Encoder requirements

An encoder is only required to meet the compliance tests and to generate the codestream accqrding to
theZsyntax defined in this document. How the codestream is algorithmically constructed and jhow the
boxes are laid out is implementation-specific and not within scope of this document. ISO/IEC 18477-6,
ISO/IEC 18477-7, ISO/IEC 18477-8 and ISO/IEC 18477-9 can, 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 conform to one of these profiles then shall conform to the syntax constraints
defined in the corresponding profile of the corresponding part of ISO/IEC 18477-6, ISO/IEC 18477-7,
ISO/IEC 18477-8 or ISO/IEC 18477-9.

© ISO/IEC 2023 - All rights reserved 7
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5.4 Decoder requirements

A decoding process converts compressed image data to reconstructed image data. A decoder shall
interpret the syntax of the box structures, namely the packaging of boxes correctly into APP markers
specified in Annex A. It is not required, however, for a conforming decoder to be capable of interpreting
the semantics of all box types defined in this document. A decoder implementation should skip over
boxes it is unable or not willing to support unless such a box is indicated as a mandatory box in the
profile and part of the ISO/IEC 18477 series to which the decoder claims to conform.

8 © ISO/IEC 2023 - All rights reserved
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Annex A
(normative)

JPEG XT marker segment

o

.1 General

his Annex extends the compressed bit stream syntax of [ISO/IEC 18477-1:2020, Annex B by int1
dditional markers and marker segments carrying side channel and coding parameters thaf
he decoding process. While the corresponding decoding processes are specified|inh ISO/IEC
50/1EC 18477-7, ISO/IEC 18477-8 and ISO/IEC 18477-9, this Annex defines a generic mecha
hich such syntax elements are embedded into ISO/IEC 18477-1 conforming files.

< =t

he syntax element and the building block defined in this Annex is called/a-box. This documen
everal types of boxes; the definition of each specific box type definesthe kind of information
e found within a box of that type. Some boxes will be defined tolegntain other boxes. Box t
pecified in Annex B.

v o

oxes are not, unlike in other Recommendations | Internatienal Standards, a top-level syntax

ut are themselves wrapped in JPEG XT marker segmentSintroduced in A.2. Since boxes can

arry more than 64K (65536) bytes of payload data, butimarker segments can at most carry 64K
single logical box can need to be broken up into seveéral marker segments. Syntax elements w
harker segment then instruct the decoder how to.put the contents in the marker segment ba
ingle box.

W 39 O o o

dditionally, a JPEG XT file can contain seVeral boxes of the same box type, though with
ontent. The syntax of the marker segment provides a mechanism to distinguish between two
ifferent boxes of the same box type.

Q.0 o

A.2 Marker assignments

—]

he following additional marker is defined in Table A.1.

TFable A.1 — Additional markers and marker segments

oducing
control
18477-6,
nism by

F defines
that can
pes are

clement,
logically
[ of data,
thin the
Ck into a

liffering
logically

Code assignment Symbol Description Defined in

OxEFEB APP,4 JPEG XT marker This docume

nt

Hach bextis’encapsulated in at least one JPEG XT marker segment and can extend over severa
egments if the size of its payload data exceeds the capacity of the JPEG XT marker. A.4 explain

= 0

marker
s how to

herge JPEG XT marker segments to logical boxes.

A.3 Codestream syntax

The high-level syntax of ISO/IEC 18477-6, ISO/IEC 18477-7, ISO/IEC 18477-8 and ISO/IEC

18477-9

codestreams shall follow the syntax specified in ISO/IEC 18477-1, which is a subset of Rec. ITU-T
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T.81 | ISO/IEC 10918-1. Specifically, since JPEG XT boxes are represented by APP,; marker segments,

ISO/IEC

NOTE

18477-1 conforming implementations that do not implement them, will ignore them.

Byte stuffing and padding as defined in Rec. ITU-T T.81 | ISO/IEC 10918-1 also applies to entropy coded

data contained in APP;; markers. In addition, due to the segmentation of entropy coded data into application

markers,
of a subs
required

A4 JB

JPEG XT
box is a
is a 4-by]
XT file ¢

using the same box type are contributing to logically distinct boxes of the same typesthe box instand

number

NOTE 1
TBox the

Boxes a
marker
marker
to decod
merging
packets

The JPE
of the m
and box

type andl the actual box payload data. The box length field can be extended by a box length extensio

the last byte of an APP;; marker segment can be 0xff, and the corresponding "stuffed" zero byte is part
equent application marker segment. This does not cause a problem for legacy decoders since they are
to skip over unknown application marker segments in first place, without interpreting their content.

-EHT ILIUACD

structures any additional data that remains invisible to legacy decoders in JPEG XT boxes.

beneric data container that has both a type and a body that carries its actual payload. The typ
te identifier that allows decoders to identify its purpose and the structure of its content. A JPE
hn also carry several boxes of identical type. To indicate that JPEG extensions matker segment

® » LI D =

En of such JPEG extension marker segments shall be different (see Figure A.1)

JPEG extension marker segments that carry the same box instance numberEfybut different box typd
Fefore assemble to different logical boxes.

[72)

‘e embedded into the codestream format by encapsulating them“into one or several JPEG X
segments. Since boxes can grow large in size, a single box cafdextend over multiple JPEG X
cegments, and decoders can have to merge multiple marker.Segments before they can attemp
e the box content. JPEG XT marker segments that belorg t6 the same logical box and requir
prior to interpretation shall have identical box instance number fields En, but differ in the
equence number Z.

D ~+ ==

; XT marker segment consists of the APP;; marker that is reserved for this document, the siz
arker segment in bytes (not including the matker), a common identifier identical for all boxe
types, the box instance number field, the packet sequence number field, the box length, the bo

== X »n O

field thqt allows box sizes beyond 232-1 bytes. Figure A.1 depicts the high-level syntax of a JPEG X
marker fegment.
OxFFEB | Le Cl En Z LBox TBox XLBox Payload Data
Common Box Packet Box Length Box Type | Box Length
Identifier | Instance | Sequence E .
Number | Number Xtension
(optional)
Figure A.1 — Organization of the JPEG XT marker segment
The megdning of the fields of the JPEG XT marker segment is as follows:
— The LeTield is the size of the marker segment, not including the marker. [t measures the size from

the Le field up to the end of the marker segment.

NOTE 2  Since boxes can extend over several marker segments, the Le field is typically not derived from
the box length field. By the above definition, 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 can differ from
segment to segment, whereas the box length field remains identical in all segments that contribute to the
same logical box.

— The
asa

10

common identifier CI is a 16-bit field that allows decoders to identify an APP;; marker segment
JPEG XT marker segment. Its value shall be 0x4A50. It is identical for all boxes and all box types.
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The box instance number En is a 16-bit field that disambiguates between JPEG XT marker segments

carrying boxes of identical type, but differing content, i.e. data that belongs to logically
boxes with the same box type differ in their box instance number. Encoders shall concate

distinct
nate the

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 Z.

The packet sequence number Z 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 Box Length LBoxis a 4-byte field that specifies the box length. It measures the size of the

payload

QD

data of all JPEG extension markers of the same box type and enumerator combined, plus the
single copy of the box type, plus the size of a single copy of the box length, plus the length.o
copy of the box length extender if present. The box length does not include the size ‘of th
sequence number, the box instance number, the common identifier, the marker length or the

NOTE 3 A box having a payload data of 32 bytes will have a box length of 32+4+4 = 40. If this b
evenly over two JPEG XT marker segments, each marker segment will have an Le value of 2+2+2+4+
=50.

If the size of the box payload is less than 232-8 bytes, then all fieldsexcept the XLBox fiel
Cl, En, Z, LBox and TBox, shall be present in all JPEG XT marker segments representing {
regardless of whether the marker segment starts this box, orcontinues a box started by

JPEG XT marker segment.

The Box Type TBox is a 32-bit field that specifies the type of the payload data, and thus its
Box types are specified in Annex B and in ISO/IEC\18477-6, ISO/IEC 18477-7, ISO/IEC
or ISO/IEC 18477-9. Since ISO and IEC can add additional box types that define addition
information on the image later, decoders shall disregard box types that they do not unders

If the box length is larger than 232 bytes, the LBox field is no longer sufficient to encode]
length and the XLBox field is required additionally. In this case, the LBox field shall be 1
XLBox field carries the box size instead:If the box length is larger than 232, the XLBox fi
be present in all JPEG XT marker segments of the same box type and same box instance
and its value shall be identical invall JPEG XT marker segments of the same box type and s
instance number.

The payload data carries the contents of the box. Its syntax is specified along with the corres
box types in this Annex:

NOTE 4  As indicated”in Figure A.1 and Table A.2, LBox, XLBox and TBox are therefore replicate

size ofa
a single
e packet
marker.

X is split
(4+4+16)

], i.e. Le,
his box,
h former

syntax.
18477-8
al meta-
tand.

the box
and the
eld shall
number,
hme box

ponding

l over all

JPEG extension nrarker segments that contribute to the same box, i.e. carry the same Thox, En pair. This

means that evemthe second, third or any further follow-up JPEG extension marker segment carr
fields, whilethe logical box reconstructed from these JPEG extension marker segments includ
single LBax-XLBox, TBox triple. This is unlike the box payload data which can be split across mult
extensiormarker segments and is not replicated.

rofilestdefined in ISO/IEC 18477-6, ISO/IEC 18477-7, ISO/IEC 18477-8 and ISO/IEC 1847
dditional constraints in how payload data can be broken up into individual JPEG XT marker se

ies these
bs only a
iple JPEG

7-9 add
gments.
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Table A.2 — JPEG XT marker parameters and sizes

Parameter

Size (bits)

Value

Meaning

APP,,

16

OxFFEB

Identifies all JPEG XT marker
segments.

Le

16

18..65535

The length of the marker seg-
ment, including the size itself,
all parameters, and the size
of the payload data contained

inthismarker segment alone

The Le value does not incladg
the size of the marker itself.

CI

16

0x4A50
(ASCII encoding of "JP")

The special value -0x4A5(
(ASCII: 'J' 'P") allows readers t
distinguish theJPEG extension
marker segment from othef
uses of the)APP,; marker. APP;}
markers shall be ignored for
the purpose of decoding JPEG
extensions if this value doe$
not' match.

En

16

1..65535

The box instance number dis}
ambiguates payload data o
the same box type and define$
which payload data is to b¢
concatenated. Only payload
data for which the TBox, En i$
identical shall be concatenated.

The value 0 is reserved for
future use.

-

32

1..232-1

The packet sequence number
defines the order in which th¢
payload data shall be concat}
enated. Concatenation shall
proceed in order of increasing
Zvalues.

The value 0 is reserved for
future use.

LBox

32

1 or8..232-1

Box length is the total lengt
of the concatenated payloa
data, including a single copy o
the LBox and Thox field, and
single copy of the XLBox field|
if present.

The values 0 and 2 to 7 ar
reserved for future use.

Regardless of whether this i

the first, orlater JPEG extensia
marker segment contributing
to the same logical box, this
field shall always be present.
Itisreplicated through all JPEG
extension marker segments.
The LBox value shall be identical
for all JPEG extension marker
segments contributing to the
same logical box, i.e. to all JPEG
extension marker segments
of the same value of the TBox,
En pair.

12
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Table A.2 (continued)

Parameter Size (bits) Value Meaning

TBox 32 0..232-1 Box type defines the syntax
of the concatenated payload
data. The box type and the box
instance number also specify
which payload data to merge.
Regardless of whether this is
the first, or later JPEG extension
marker segment confributing
to the same logical’box, this
field shall always be|present.
Itisreplicated through all JPEG
extension nrarker segments.

XLBox 0 or 64 16..264-1 If thetLBox field is 1, this field
contains the size of the concat-
enated payload data|plus the
box overhead instead.
Otherwise, this field isomitted.
The presence and thg value of
this field shall be consistent
throughout all JPEG ektension
marker segments of the same
TBox, En pair.
The values 0 to 15 are feserved
for future use.

Payload data Varies Varies The syntax of the conjcatenat-
ed payload data is d¢fined in
Annex B of this docyment or
in other documents [that use
the box embedding mgchanism
specified in this Annex.

he size of the XLBox field itself.also contributes to the box length, hence creating a corner|case for
oxes larger than 4GB. If an encoder detects that the value of the LBox field, computed as the sum of the
ayload data size and the box overhead, overruns the 4GB boundary LBox is able to express,|it is not
ufficient to create an XLBo6xfield and store the sum there. The box size needs to be enlarged byj the size
f the XLBox field as well,,namely by 8 bytes.

o W o e

A.5 Boxes andsuperboxes

Some boxesican carry other boxes as payload data. Such boxes are denoted as superboxes. The|payload
ize of a siperbox is given by the sum of the box lengths of all the boxes it contains.

wn

Hoxes within superboxes do not consist of a JPEG XT marker. None of the following shall be present:

o IsCT—oT4C5

— acommon identifier;
— aboxinstance number;

— apacket sequence number.
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They start with the LBox field. The additional fields are not required since their composition from
markers into boxes is unambiguous.

NOTE The length of a box within a superbox is derived in the same way from the size of the payload data as
for top-level boxes within JPEG XT marker segments. Neither top-level boxes nor boxes within superboxes count
the Le, En and Z fields as part of their length. A box within a superbox can be a superbox again and can contain

further boxes. The layout of such boxes is also given in Figure A.2.

LBox TBox XLBox Payload Data
Box lJength Box Type Box Length
Extension
(optional)

Figure A.2 — Organization of a box within a superbox

14
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Annex B
(normative)

Common box types

.1 General

his Annex defines box types that are common to ISO/IEC 18477-6, ISO/IEC 18477-7, ISQ/IEC
nd ISO/IEC 18477-9. These documents reference to this Annex as required.

.2 Integer table lookup box

his box shall appear at the top level of the file. It shall not be a sub-bex“of any superbox.
efines a lookup process of the decoder and can be used to implement'a*point transformation
ih the base or range mapping operations which are part of the merging process for combining
nd residual image information to reconstruct a high dynamic range (HDR) image. This table
hteger data of up to a 16-bit precision and is indexed by integertalues.

—

—

here shall be at most one integer or floating-point table lookup or parametric curve box for ea
df M within the same superbox or within the codestream at top level.

—

he type of this box shall be 0x544f4e45, ASCII encoding of "TONE".

—

he box organization is defined in Figure B.1 and the parameters and sizes in Table B.1.

18477-8

['his box
as used
the LDR
e carries

ch value

M Rd Dk

Figure B.1 -= Organization of the integer table lookup box

© ISO/IEC 2023 - All rights reserved
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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 defined.

Ry 4 0.9 Specifies the output preci-
sion of the table entries.
Table entries shall be
integers in the range [0,

e
application of the table
(see Annex C).

Dy 16 or 32 0..2Rt+8-1 Table contents.

For R, < 8, each entryisa
16-bit unsigned integer.

For R,>8each entry is a
32-bit unsigned integer.
Allnumbers shall be
represented in big-endian
format.

The number of table en-
tries can be derived from
the box length. The size of
the table shall be a power
of two that fits to the ap-
plication of the table (see
Annex C).

The valyie of R, defines the output range of the table Jookup process in bits. The length of the table

dependq
shall be

B.3 Floating-point table lookup box

This bo3
defines

in the bz
and resi
32-bit p1

There s}
of M wit|

The typ
The box

on the input precision required for the application of the table. The number of table entrigs
2!, where [ is an application dependent integer.

k shall appear at the top level‘of the file. It shall not be a sub-box of any superbox. This bo|
h lookup process at the deceder and can be used to implement a point transformation as use
|se or range mapping operations, which are part of the merging process for combining the LD
dual image informatjen to reconstruct an HDR image. This table carries floating-point data ¢
ecision and is indexed’by integer values.

— A = X

all be at mostone‘integer or floating-point table lookup or parametric curve box for each value
hin the samésuperbox or within the codestream at top level.

e of this\box shall be 0x46544f4e, ASCII encoding of "FTON".

organization is defined in Figure B.2 and the parameters and sizes in Table B.2.

M

Rd Dk

16

Figure B.2 — Organization of the floating-point table lookup box
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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.
Ry 4 0 Reserved for future use.
Dy 32 non-negative numbers |Table contents. Each entry

is an IEC 60559 big endian
single precision 32-bit

ftoatimg-poimtamber.
The number of table en-
tries can be.derived from
the box length. Th¢ size of
the tahle shall be af power
of twio that fits to the ap-
plication of the talyle (see
Annex C).

=

[ellowl—

o oWl BN |

—

B.4 Parametric curve box

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

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

he length of the table depends on the input precision required for thé/application of the tgble. The
umber of table entries shall be 2/, where [ is an application dependentinteger.

his box shall either appear at the top level of the file, or it shall be a sub-box of the merging spedjfication
ox or alpha merging specification box. A parametric curve box as a sub-box shall replace a parametric
urve box at the top level of the file with the same valuerof M.

his box defines a decoder mapping process in:the form of a parameterized curve, which cap offer a
hore efficient coding than a look-up table. The parametric curve box maps integer, fixed-point or
oating-point numbers to floating-point nunibers.

here shall be at most one integer or floating-point table lookup or parametric curve box for edch value
df M within the same superbox or within the codestream at top level.

M

P4

P

Ps3

P,

Figure B.3 — Organization of the parametric curve box

© ISO/IEC 2023 - All rights reserved
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Table B.3 — Contents of the parametric curve box

Parameter Size (in bits)

Value

Meaning

M

4

0..15

Table destination. Up to 16
curves can be defined.

T

0..15

Curve type. Curve types are
defined in Table B.4.

0.1

Rounding mode (see Annex C
for details).

Reserved for ITU | ISO/IEC
purposes. This field Shall
always be 0.

32

Depends on t

Curve parameter 1;encoded
as big-endianTEC 60559 sinf
gle precision floating-poinf
value

32

Depends on t

Curve parameter 2, encoded
asbig-endian IEC 60559 sin}
gle precision floating-poinf
value

32

Depends on t

Curve parameter 3, encoded
as big-endian IEC 60559 sint
gle precision floating-poinf
value

32

Depends ont

Curve parameter 4, encoded
as big-endian IEC 60559 sinf
gle precision floating-poinf
value

The par
through|
type. Th

Parametf

18

Firs
a pr

hmetric curve to be applied is defined by thie ¢t parameter. Depending on ¢, the parameters H
P, further specify the curve. All parameters are always present, regardless of the actual cury
ey are, however, eventually ignored..Table B.4 specifies the available parametric curve types.

ric curves are applied in three steps to map an input value to an output value:

t, the input value x is normalized to the input scale of the channel as specified in Annex C usinig
pcedure that depends on the'e parameter. The result of this process is a scaled input value y.

Sec

Third, the outputf{y) is again scaled by a suitable factor depending on e to match the output rang

nd, the parameter ¢t is used to select one out of several curve types. The value of y and the cury
pargmeters P; through?, then compute from the scaled inputy a scaled output f{y).

of the channel,swhere scaling is defined in Annex C again.

(G

[¢)

D
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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 pur-

poses.

fx) =x

Identity transformation, input
data is passed through, though
scaling of input and output ap-

plies.

ed.

D _thoeo gl D o0 o
T cHTOuUgIr 7 atr ¢ 1g5Tro

Reserved for ITU |dSO
poses

IEC pur-

f(x) = {(x+P3)/(1+P3)}’? for x 2 P; and
S0 = {(P1+P3)/(1+P3)}F2xx/Py for x <P,

This is an inverse gami
ping with parameters P{
P3- a

ma map-
through

f(x) = xx(Py=P1)+P;

P7 and end value P,.
belarger than P;. Py a
ignored.

Linearamp with st::lrt value

P, shall
d P, are

f(x) =P3xexp(xx(P,=P)+P)+P,

Exponential map from
ramp.

a linear

f(x) = sign(P;)xlog((|P,[xx)"2+P3)+P,

Logarithmic map. The pa|
P, through P; shall be

rameters
bositive.

fx) = (Pp=Py) x xP3 + P,

Inverse gamma mapping
toe region followed by 3
the range [Py, P,].

r without
caling to

D..15

Reserved for ITU | ISO
poses.

IEC pur-

For P;=0. 04045, P,=2. 4, P3=0. 055, this is the sRGB non-linearity.

[ eouli—|

lowlli—|

dodestream.

(%)

(011 aip a13}

B.5 Fix-point linear transformation box

his box shall either appear at thetop level of the file, or it shall be a sub-box of the merging spec
ox or alpha merging specification box. A fix-point linear transformation box as a sub-box shal
fix-point linear transformation box at the top level of the file with the same value of M.

here shall be at most one floating-point linear transformation box or integer linear transfg
ox for each values0f’M within the same superbox, or within JPEG XT markers at the top lev

The box below-defines a free-form table based linear transformation. It defines nine paramete
pecify thie entries in a 3x3 matrix:

ification
replace

rmation
el of the

s which

ol AL LS
La31 azp 033J

Up to 11 free form transformations can be defined; its entries are fixed-point numbers that are

preshifted by 13 bits.

The type of this box shall be 0x4D545258, ASCII encoding of "MTRX".

Figure B.4 describes the organization of this box segment and Table B.5 shows the parameters and

parameter sizes.

© ISO/IEC 2023 - All rights reserved
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M t ai a2 ais azi azz azs asi asz ass

Figure B.4 — Organization of the fixed-point linear transformation box

Table B.5 — Fixed-point linear transformation box contents

arameter Size(in-bits) Valbe————————— Meaning—
M 4 5..15 Table destination. Up tq 11

free form linear transfor-

mations can be definéd.

t 4 13 Reserved for, ATU | ISO/IEQ
purposes.
aqq 16 -32768 to 32767 First pardmeter of the 3x3
transformation.
THis and all following

parameters are represent-
ed by big-endian 16-bit

integers.
aip 16 -32768 to 3276% Second parameter
a4 through as; All other parameters in

the same format.

NOTE Due to scaling that is applied, the integer coefficients 6f‘the transformation matrix for t=13 can alsp
be underftood as fix-point numbers which are pre-shifted by 13'bits.

B.6 Floating-point linear transformation®box

This boy shall either appear at the top level of thefile, or it shall be a sub-box of the merging specificatio
box or alpha merging specification box. A fleating-point linear transformation box as a sub-box sha
replace a floating-point box at the top level of the file with the same value of M.

— >

There shall be at most one floating-peint linear transformation box or integer linear transformatioh
box for pach value of M within theJ)same superbox, or within JPEG XT markers at the top level of the
codestrg¢am.

The box|below defines a fre€’form table based linear transformation. It defines nine parameters which
specify the entries in a-3X3 matrix:

diq 912 413
dpq dpp dy3

azq @3~ a33

Up to 11 free form transformations can be defined; its entries are floating-point numbers encoded
according to singe precision as specified in IEC 60559 and stored in big-endian byte order.

The type of this box shall be 0x46545258, ASCII encoding of "FTRX".

Figure B.5 describes the organization of this box segment and Table B.5 shows the parameters and
parameter sizes.
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M t an a2 ai3 az az azs3 asi asz as3
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 11
free form ljnear'transfor-
mationscan'be defined.
t 4 0 Resertied for ITU ||ISO/IEC
purpases.
agq 32 arbitrary First parameter of|the 3x3
transformation enfoded
as 32-bit single precision
big-endian IEC 60359
number.
ai 32 arbitrary Second parameter
a4 through as; All other parametégrs 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
application markers (APP,, through APP,:) using the algorithm defined in Annex D. Decoderd can use
this data to test for the integrity of the legacy-codestream, and thus to test whether the base impge data
Has been tampered with. A JPEG XT file shall contain at most one legacy 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 can either abort decoding, ¢r only decode the base image and reject the residual stream or attempt a
fhll decoding at its discretion.
The type of this box shall lie'\0x4C43484B, ASCII encoding of "LCHK".
Higure B.6 describes the organization of this box segment and Table B.7 shows the paramefers and
Parameter 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 computed
by the algorithm defined in
Annex D.
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B.8 File type box

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

segments

The file type box specifies the document 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 be properly interpreted within the scope of that other

standard. This differentiates the standard which completely describes the file, from other standards
that intgrpret a subset of the file.
All files shall contain one and only one file type box at the top level of the file, and this box shall be thee
first boy in the file.
The type of the file type box shall be 0x66747970, ASCII encoding of "ftyp".
The orgpnization of this box is depicted in Figure B.7 and its parameters and_fields are shown ip
Table B.8.

BR MinV CLy CL 1

Figure B.7 — Organization of the file type box
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Table B.8 — File type box, parameters and sizes

Parameter Size (bits) Value Meaning

BR 32 0x6a707874 This field specifies the

ASCII value of "jpxt" document which completely
defines this file. This field is
specified by a 4-byte ASCII
string. The value of this field
shall be "jpxt", indicating
that the file is conforming
to ISO/IEC 18477-3 (fhis
document).

MinV 32 0 Minor version) This garame-
ter defines‘the minor|version
number“ofthe JPEG YT spec-
ification for which thg file
comiplies. The paramgpter is
defined as a 4-byte bjg-en-
dian unsigned integefr. The
value of this field shall be 0.
However, readers sh4dll con-
tinue to parse and inferpret
this file even if the vglue of
this field is nonzero.

CL; 32 varies Compatibility list. This field
specifies a code repr¢sent-
ing this document, afjother
standard, or a profilq of
another standard, to[which
this file conforms. THis field
is encoded as a 4-bytg string
of ASCII characters. A file
that conforms to this{docu-
ment shall have at legst one
CL; field in the file type box,
and shall contain the|value
“jpxt” in one of the Cl; fields.
All conforming readdqrs shall
properly interpret all files
with “jpxt” in one of the CL;
fields.
Other values of the compati-

bility list fields are r¢served
for future use.

The number of CL; fidlds is

determined by the lepgth of
this box.

.9 Sample unitbox

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/m?2 (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 (cd/m2) is given by:

L, = nitsxL,
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where

L is the decoded sample value;

r

nits is the parameter in the sample unit box.

The type of the sample unit box shall be 0x554E4954, ASCII encoding of "UNIT".

The orgpmization of this box is depicted i Figure B.Q and Its parameters and 1ields are snowi ih
Table B.9.

nits

Figure B.8 — Organization of the sample unit box

Table B.9 — Sample unit box, parameters and sizes

Rarameter Size (bits) Value Meaning

nits 32 >0 This multiplier converts

the sample values into an
absolute radiance, measured
in cd/m? (nits) and hence
defines the unit in which the
sample values are represent-
ed in the codestream.

This field is encoded encoded
in single precision according
to IEC 60559 and stored in
big-endian byte order.

B.10 Primary colour coordinate box

This optlional box shall appear onthe top level of the JPEG XT codestream. If it is exists, it defines thie
x and y foordinates in the XYZ colour space of the primary colours encoded by the samples. This box
shall only exist if the numbet of components (Nf) encoded in the codestream is 3. If this box does nd
exist, the colour coordinates’/of decoded sample values is defined by other means not specified by thi
document.

N -+

The typ¢ of the primary colour coordinate box shall be 0x50434f43, ASCII encoding of "PCOC".

The orgpnization of this box is depicted in Figure B.9 and its parameters and fields are shown ip
Table B.10.

Xo Yo X1 1 X2 V2

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

Xg 32 =0 This parameter specifies the x
chroma coordinate in the XYZ
colour space of the first com-
ponent. This field is encoded
in single precision according
to IEC 60559 and stored in
big-endian byte order.

chroma coordinateir] the XYZ
colour space ©f the first com-
ponent. This,field is encoded
in singl€\precision agcording
to IEC 60559 and stored in
bigteéiidian byte ordef
The z coordinate of fthe first
eolour primary is given as
zy=1-xy-y,
Xq 32 =0 This parameter specifies the x
chroma coordinate it the XYZ
colour space of the secpnd com-
ponent. This field is encoded
in single precision agcording
to IEC 60559 and stored in
big-endian byte ordef

Yo 32 =0 This parameter spec'i{ies they

V1 32 20 This parameter specifies the y
chroma coordinate iff the XYZ
colour space of the secpnd com-
ponent. This field is encoded
in single precision agcording
to IEC 60559 and stored in
big-endian byte ordef

Xy 32 =0 This parameter specifies the x
chroma coordinate irf the XYZ
colour space of the thlird com-
ponent. This field is encoded
in single precision agcording
to IEC 60559 and stored in
big-endian byte ordef

V2 32 =0 This parameter specifies the y
chroma coordinate irf] the XYZ
colour space of the thfird com-
ponent. This field is encoded
in single precision agcording
to IEC 60559 and stored in
big-endian byte orde

B.11 Residual data box

This box encapsulates 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 either the merging specification box or alpha merging specification box, or both, and
specified in ISO/IEC 18477-6, ISO/IEC 18477-7,1SO/IEC 18477-8 or ISO/IEC 18477-9.

The residual data box shall only appear at the top-level of the codestream and not as a sub-box 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 sub-sampling factors can be different from the base image, the Nf in
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the residual codestream and the image dimensions shall be identical to those signaled in the legacy
codestream.

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 can, however,
extend over several JPEG XT marker segments.

The structure of this box is defined in Figure B.10 and the parameters and sizes are shown 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

Rarameter Size (bits) Value Meaning

Data Varies Varies Entropy coded data segment
of variable lengths.

B.12 Residual refinement data box

This box encapsulates entropy coded data segments that.extend the bit-precision of the extensiop
image(s] in the DCT domain. The syntax of the encapsulated data and the decoding algorithm qf
this datj is specified in ISO/IEC 18477-6, ISO/IEC 1847%7~7, ISO/IEC 18477-8 or ISO/IEC 18477-9. The
residuallrefinement data box shall only appear at the top-level of the codestream and not as a sub-box
of a superbox. If the number of additional residual;rfefinement bits, the R -parameter of the refinement
specification sub-box, is non-zero, residual refinement data encapsulated in residual refinement datpa
boxes sHall be present.

The typ¢ of this box shall be 0x5246494¢; 'ASCII encoding of "RFIN".

The strycture of the payload data of this box is defined in Figure B.11 and the parameters and sizes are
shown ip 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

Rarameter Size (bits) Value Meaning

Data Varies Varies Entropy coded data segment
of variable lengths.

B.13 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 ISO/IEC 18477-6, ISO/IEC 18477-7,1SO/IEC 18477-8 or ISO/IEC 18477-9. It shall only appear
at the top level of the codestream and not as a sub-box of a superbox. If the number of additional base
refinement bits, the R, -parameter of the refinement specification sub-box of the merging specification
box, is non-zero, refinement data encapsulated in residual refinement data boxes shall be present.
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The type of this box shall be 0x46494¢e45, ASCII encoding of "FINE".

023(E)

The structure of the payload data of this box is defined in Figure B.12 and the parameters and sizes are

shown in Table B.13.

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

of vaniable lengths.

Data Varies Varies Entropy coded data fegment

B.14 Output conversion box

This box defines the final bit depth of the reconstructed samples and’defines the conversion
from the result of the base image/residual image merging process to the final output samp
Hox shall never appear at the top level in the file. It shall be a,suib-box of the merging specifica
g
S

pecification box if a merging specification box exists, @nd’ exactly one output conversion H
dppear in the alpha merging specification box if such a box exists.

The operations performed by the output conversion/process are as follows:

on the value of the Oc bit, and the algarithm for clipping is further specified in ISO/IEC
[SO/IEC 18477-7,1SO/IEC 18477-8 andISO/IEC 18477-9.If the Ce flagis zero, no clipping is pej

is further specified in ISO/IE€ 18477-6, ISO/IEC 18477-7,1SO/1EC 18477-8 or ISO/IEC 1847

—+ Ifthe Ol flag is set, the output shall be further transformed by a non-linear point transforn
specified in Annex C, and*which is defined by the curves or tables addressed by the param
through tos. The OI flag and the Oc flag shall not be both set at the same time.

If Ol is set, the“tp; value selects for component i a non-linear transformation by the al
specified in.Bz16. The non-linear transformation is either defined by a table lookup thrq
boxes spegified in B.2 or B.3, or by applying a parametric curve (see B.4).

process
es. This
tion box

r alpha merging specification box. Exactly one output cen¥ersion box shall appear in the merging

ox shall

—+ First, the data shall be clipped to range ifithe Ce flag is set to one. The interval to clip depends

18477-6,
formed.

+ Second, if the Oc flag is set, the data shall be converted from integer to floating point by a map that

7-9.
ation as

pters tog

gorithm
ugh the
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The type

Figure H

The non-linear transformation itself follows the specifications of Annex C. It requires four additional

parameters, the input range R, R, and the output range R,, R;. The parameters shall be as follows:

R,-1
R=1

R.=0
Rf:O

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

choice of R, and R,,..

sizes of the box.

Ll 1 i) 111 aY
Ul U115 UUA SIIdIl UT UA’

W

I FliVaVYa¥ay Nill
CllLUullls Ul GUIN .

\v

.13 describes the organization of this box and Table B.14 shows the parameters and parametd

—

Rp

Lf

Oc

Ce

ol

to,

tor

to;

tos
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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

Ry,

4

8

Number of additional bits
available for HDR data.
The bit precision of the
reconstructed HDR image
shall be computed as 8+R,,.

Lf

0.1

This field indicates
whether DCT compression

is lossy or losslessfnear
lossless.

This field can'be uged
to indicate that thg
DCT,implementatipn is
constrained to parfticu-
laalgorithms defined

in ISO/IEC 18477-6,
ISO/IEC 18477-7,1$0/
IEC 18477-8 or ISQ/
IEC 18477-9.

If this field is 0, the only
constraint on the PCT
implementation isfthat

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

Oc

0.1

If this flag is set, clipped
samples are rounded to
integer and converfted to
floating point by ajmap
that is further spec¢ified in
additional parts off ISO/IEC
18477.

If this flag is set, O] 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 pefore
conversion to floatling
point.
The interval deperfds
on the value of the|Oc

ftag1SO/TEC 18%477-6,
ISO/IEC 18477-7,1SO/
IEC 18477-8 or ISO/
IEC 18477-9 define the
interval to clip to.
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Table B.14 (continued)

Parameter

Size (in bits)

Value

Meaning

0l

1

0.1

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

If enabled, the output
transformation is speci-
fied by the to, through to,

fields.

tog

If Ol is one, this fieldde-
fines the output tablefor
component 0.

If Olis 0, this field is ig-
nored.

If Ol is one; this field de-
fines$ the output table for
comiponent 1.

\Ol is 0, this field is ig-
nored.

If Ol is one, this field de-
fines the output table for
component 2.

If Olis 0, this field is ig-
nored.

Reserved for ITU/ISO
purposes.

B.15 Refinement specification box

This box defines the number of refinement seans for both the base and the residual coding procesg
and delivers the parameters R; and R, required elsewhere in this document. At most one refinemer
specification box shall exist as a sub-box of the merging specification box and alpha mergin
specificqtion box. This box shall not appear at the top-level of the file, and it shall present if and only

the file ipcludes either refinement’data boxes or residual refinement boxes.

The valye Ry, shall be identicalyto the number of refinement scans adding least significant bits (LSBj
to the Hase image and is thus identical to the number of refinement data boxes. If the refinemer
specification box is abseft) its inferred value is 0.

The valye R, shall beddentical to the number of residual refinement scans adding LSBs to the residug
image and is thusidentical to the number of residual refinement boxes at the top level of the file. If thie

refinement specification box is absent, the inferred value of R..is 0.

The type¢ of-the refinement specification box shall be 0x52535043, ASCII encoding of "RSPC".

g
f

—+ U

— —/

1

Figure B.14 describes the organization of this box and Table B.15 shows the parameters and parameter

sizes.
Ry R
Figure B.14 — Layout of the refinement specification box
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Table B.15 — Parameters of the base transformation box

Parameter Size (in bits) Value Meaning
Ry 4 0.4 Number of refinement
scans in the base decoding
path.
R, 4 0.4 Number of refinement
scans 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 rion: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 ISO/IEC 18477-6, ISO/IEC 18477-7, ISO/IEC 18477-8 anid 1SO/IEC 18477-9. All
oxes defined in this subclause share the same box layout and the same syntak. See Figure B.15 and
able B.17.

e ol |

oxes of these types shall only exist as sub-boxes of the merging specification box or the alphamerging
pecification box; they shall not appear at top-level of the file.

w0

Table B.16 — Boxes and box types defined-by this subclause

Box name Box typé€ ASCII encoding of the hox type
Base non-linear point transformation 0x4C505453 "LPTS"
specification box
Secondary base non-linear point 052505453 "CPTS"
transformation specification box
Residual non-linear point transforma- 0x5152505453 "QPTS"
tion specification box
Intermediate residual non-linear 0x44505453 "DPTS"
point transformation specification
Box
Secondary residual non-linearpoint 0x52505453 "RPTS"
transformation specificatientbox
Pre-scaling non-linear pointytransfor- 0x53505453 "SPTS"
mation specification box
Post-scaling non-linéar point trans- 0x50505453 "PPTS"
formation box

The non-linear point transformation selected by a non-linear point transformation specificatign box is
an integef. table lookup box, a floating-point lookup box or a parametric curve box. The corregponding
Hoxes referenced by this box appear at the top level of the ISO/IEC 18477-3 (this document) confforming
flle or as sub-boxes of the merging specification box or alpha merging specification box.

['ie non-linear point transformation for component I 1s 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 sub-box of the same encapsulating superbox and on the top-level of the file, the box within the
super box takes precedence.

The non-linear point transformation itself is given by the process specified in Annex C of this document.
It requires five additional parameters, the value of the parameter e, the input range R, R, and the output
range R,, R;. The value of these parameters depends on the box type and is specified in ISO/IEC 18477-6,
ISO/IEC 18477-7,1SO/1EC 18477-8 or ISO/IEC 18477-9.

Figure B.15 depicts the following process: A JPEG XT decoder reserves 16 slots for non-linear
transformations. Each slot can be occupied by a non-linearity that is either specified by an integer table
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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 non-linear point transformation specification box and the output conversion box now select up to
four non-linearities by referencing the slot indices of the transformation to be used for each component.
Non-linearities can be re-used by referencing their slot numbers multiple times.

LPTS,CPTS.. LPTS,CPTS.. OCON
td,=0 td,=2 to,=4
td=1 td,=14 to,=15

|: td,=1 td,=2 to,=15
0 1 2 3 4 " 14 15
TONE CURV FTON CURV
M=0 M=1 M=2 ME15

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

In Figurg B.15, 16 slots are shared by integerlookup boxes, floating-point lookup boxes and Parametric
Curve bpxes. The value of M selects the slét a box occupies. The linear transform boxes and the outpyt
conversjon box reference slots by their td, or to; values. A slot may be used multiple times by multiple
boxes.

—

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

tdo td, td> tds

Figure:B.16 — Layout of the non-linear point transformation specification boxes
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Table B.17 — Parameters and sizes of the non-linear point transformation specification boxes

Parameter Size (in bits) Value Meaning

td, 4 0.15 The value of td selects the
integer or floating-point
table lookup or parametric
curve box whose M value
matches the value td,. This
table or parametric curve
is applied as non-linear
point transformatjon of
component 0.

td, 4 0.15 The td, valtgyis usgd to
select the-non-linepr point
transformation foif com-
ponent 1 if itis present.
Otherwise, the valpe is
ignored.

td, 4 0.15 The td, value is uspd to
select the non-linepr point
transformation foif com-
ponent 2 if it is present.
Otherwise, the valpe is
ignored.

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

=

3.17 Linear transformation specification'box

his subclause defines multiple boxes (seé¢’Table B.18) that all describe a linear transfdrmation
etween the components of the base or extension image. Boxes of this type are used in multiple stages
f the merging process of base and eXtension image defined in ISO/IEC 18477-6, ISO/IEC [{18477-7,
50/IEC 18477-8 or ISO/IEC 18477-9-All boxes defined in this subclause share the same box layout and
he same syntax (see Figure B.16/and Table B.19). Boxes of the types listed in Table B.18 shall ohly exist
s sub-boxes of the merging specification box or alpha merging specification box.

QO ot = O oo

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

Box name Box type ASCII encoding of the hox type
Residual transformation box 0x52545246 "RTREF"
Colour transformation box 0x43545246 "CTRF"
Residual colour transformation box 0x44545246 "DTRF"
Pre-scaling transformation box 0x53545246 "STRF"

This box shall only exist as a sub-box of the merging specification box. It shall only exist if the Nf in the

i mage (h:\cn or ﬂvfnncinn) pqnalc 3 Ifthe Nf ﬂqn:\]c one, the transformation isthe ir‘]nnfify imp] Cltly

Xt values 0 to 4 correspond to pre-defined linear transformations that are defined in ISO/IEC 18477-6,
ISO/IEC 18477-7, ISO/IEC 18477-8 or ISO/IEC 18477-9. Xt values between 5 and 15 are user-defined
transformations.

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 sub-box of the encapsulating super box and on the top-level of the file, the box
within the super box is selected.
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If Xt is below 5, the algorithm for the linear transformation is defined in ISO/IEC 18477-6,
ISO/IEC 18477-7, ISO/IEC 18477-8 or ISO/IEC 18477-9. 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 the following process: AJPEG 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 and can be occupied by either a fixed-point or a floating-point linear transformation box. The M

value, prmmmmwdmh&miwgmumﬁ
Each linar transformation specification box now selects one linear transformation by referencirg t

slot indifes of the transformations they are supposed to apply to the data. Linear transformations cap

be re-used by referencing their slot numbers multiple times.

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

In Figurg B.17, linear trafisformation specification boxes reference slots by their Xt values. A slot may b
used myltiple times by 'multiple boxes. 16 slots are shared by floating-point transformation boxes an
fixed-pdjint linear_trahsformation boxes. Slots 5 to 15 can be filled by fix-point linear transformatio
boxes oy floating*point linear transformation boxes. They select the slot to fill by their M value. Slots

RTRECTRE.

Xt=15

15

RTRE, CTRE. RTRECTRE.
I: Xt=1 Xt=4
|
0 1 3 4 14
MTRX FTRX
M=14 M=15

to 4 are predefined and cannot be filled by boxes.

Figure B.18 describes the organization of this box segment and Table B.19 shows the parameters anfd

T ]

o= &

parameter sizes.

Xt

Re

Figure B.18 — Layout of the linear transformation specification boxes
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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

value are specified

IEC 18477-8 andhlS
IEC 18477-9.

Defines the linear trans-
formation to be used.
Valid choices and in-
terpretation of this

in ISO/IEC 18477-6,
ISO/IEC 18477-7,1S0O/

0/

Re 4 0 Reserved forITU |

purposes

1SO/IEC

=

3.18 DCT specification box

his subclause specifies multiple boxes (see Table B.20) that define the/DET transformation

ubclause share the same box layout and the same syntax (see Figure B.19 and Table B.21).
he types listed in Table B.20 shall only exist as sub-boxes of the merging specification box
herging specification box.

S c n n o

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

n either

he base or residual decoding pass required for lossless or near-lossless‘decoding. Boxes of this type
hall be present if and only if the Lf flag of the output conversion box-is one. All boxes defined in this
Boxes of
pr alpha

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'this box, as well as the DCT itself is defined in ISO/IEC
50/1EC 18477-7,1SO/IEC 18477-8 and1SO/IEC 18477-9. Valid choices for the parameters deper
ox type that is also specified there.

O — =

]

igure B.17 describes the organization of this box and Table B.21 shows the parameters and pa
izes.

w

18477-6,

d on the

rameter

dct Ns

Figure B.19 — Layout of the DCT specification boxes

Table B.21 — Parameters and sizes of the base DCT specification box

Parameter Size (in bits) Value Meaning

dct 4 0..15

defined in ISO/IEC

IEC 18477-8 and IS
IEC 18477-9.

Selects the DCT that shall
be used for reconstruc-
tion. Valid choices are

6, 1SO/IEC 18477-7,1S0/

18477-

0/

Ns

0..15

Defines other processing
options in the absence of a
DCT in the decoding path.
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