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Foreword

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

This part of ISO/IEC 18477 specifies a coded codestream format for storage of continuous-tone high and
low dynamic range photographic content. JPEG XT part 6 is a scalable image coding system supporting
multiple component images consisting of floating point samples. It is by itself an extension of the coding
tools defined in ISO/IEC 18477-1 and the box-based format defined in ISO/IEC 18477-3; the codestream
is composed in such a way that legacy applications conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 are
able to reconstruct a lower quality, low dynamic range, eight bits per sample version of the image. This
standard low dynamic range image is typically constructed at encoder side by tonemapping from the
high dynamic image; while the LDR image is always present, this part of ISO/IEC 18477 does not define

41 4= 4= dlaa -
d progess-trat generatestnrs mrage:

Today, the most widely used digital photography format, a minimal implementationcof JPEG (specified

in Rejc. ITU-T T.81 | ISO/IEC 10918-1), uses a bit depth of 8; each of the three channels

at together

compose an image pixel is represented by 8 bits, providing 256 representable values per channel. If the

dynamic range of the input scene is too large, however, an integer sample representation|
applitable and sample values need to be specified in floating point. These,values typicall
prop¢rtional to physical radiance values of three primaries. These primaries may be de
physical colours, or may be the basis of the CIE XYZ colourspace.

JPEG
gamy
tools
allow
to thil

XT is primarily designed to provide coded data containing‘high dynamic range and
t content while simultaneously providing eight bits per(pixel low dynamic range i
defined in ISO 18477-1. The goal is to provide a backwards compatible coding speci
s legacy applications and existing tool chains to contintie to operate on codestreamg
s part of ISO/IEC 18477.

JPEG
havin

XT has been designed to be backwards compatible to legacy applications while at th
g a small coding complexity; JPEG XT uses, whenever possible, functional blocks of Re
| ISOJIEC 10918-1 to extend the functionality<ef the legacy JPEG Coding System. It is o
storage and transmission of high dynamic,range and wide colour gamut floating point i
also ¢nabling low-complexity encoder and;decoder implementations.

This part of ISO/IEC 18477 is an extension of ISO 18477-1, a compression system for con
digital still images which is backwards compatible with Rec. ITU-T T.81 | ISO/IEC 1091
legacly applications conformingto’Rec. ITU-T T.81 | ISO/IEC 10918-1 will be able to reconst
generated by an encoder conforming to this part of ISO/IEC 18477, though will possibly n
recorjstruct such streams,in full dynamic range, full quality or other features defined in
ISO/IEC 18477.

is no longer
y are, or are
vice specific

wide colour
mages using
fication that
conforming

e same time
c. ITU-T T.81
ptimized for
mages while

tinuous tone
8-1. That is,
ruct streams
ot be able to
this part of

d file format

This part of ISO/IEC-18477 is itself based on ISO/IEC 18477-3 which defines a box-base
similar to otherJREG standards. The aim of this part of ISO/IEC 18477 is to provide a mi

ration path

for ldgacy applications to support, potentially in a limited way, lossless coding and coding of high
dynapmic range images consisting of samples represented in floating point. Existing tools depending on
the ekisting standards will continue to work, but will only be able to reconstruct a lossy gnd/or a low
dynamictange version of the image contained in the codestream. This part of ISO/IEC 18477 specifies
a coded file format, referred to as JPEG XT, which is designed primarily for storage and interchange of
continuous-tone photographic content.
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https://iecnorm.com/api/?name=1054bf58c675eb0d99c513b8f4889d9e



https://iecnorm.com/api/?name=1054bf58c675eb0d99c513b8f4889d9e

INTERNATIONAL STANDARD ISO/IEC 18477
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Information technology — Scalable compression and

coding of continuous-tone still images —

Part 7:
HDR Floating-Point Coding

1 Scope

This part of ISO/IEC 18477 specifies a coding format, referred to as JPEG XT, whichis design|
for cqntinuous-tone photographic content.

ormative references

The flollowing documents, in whole or in part, are normatively reférénced in this docun
indispensable for its application. For dated references, only the)edition cited applies.

ed primarily

nent and are
For undated

refergnces, the latest edition of the referenced document (including any amendments) appllies.

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

ISO/IEC 18477-2, Information technology — Scalable compression and coding of continu
images — Part 2: Extensions for high dynamic range-images

ISO/IEC 18477-3:2015, Information technology>— Scalable compression and coding of contin
images —Part 3: Box-Based File Format

ISO/IEC 18477-6:2016, Information technology — Scalable compression and coding of con
still ilmages — Part 6: Coding of Intermediate Dynamic Range Images

ISO/IEC/IEEE 60559, Information technology — Microprocessor Systems — Floating-Point af

Rec. [TU-T T.81 | ISO/IEC10918-1:1994, Information technology — Digital Compression d
Continuous Tone Still Images — Requirements and Guidelines

Rec. ITU-T BT.604,'Studio encoding parameters of digital television for standard 4:3 and wid|
aspedt ratios

erms, definitions, symbols and abbreviated terms

ous-tone still

bus-tone still

ous-tone still

tinuous-tone

ithmetic

nd Coding of

e screen 16:9

3.1 Terms and definitions

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

3.1.1
ASCII encoding
encoding of text characters and text strings according to ISO/IEC 10646

3.1.2
base decoding path

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

steps until residual data is added to the values obtained from the residual codestream

© ISO/IEC 2016 - All rights reserved
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3.1.3
base image

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

3.14

binary decision
choice between two alternatives

3.1.5
bitstream

partially en

3.1.6
block

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

3.1.7

box
structured c
multiple AP

Note 1 to entr

3.1.8
byte

group of 8 bits

3.19
coder
embodiment

3.1.10
coding
encoding or

3.1.11

coding model

procedure u

3.1.12
(coding) pr
general term

f\f]ﬂf‘ Or r‘nr‘nr‘nr] cnqnnhr‘n nF]‘\ifc r‘nmpricihg balial nhh"npy-r‘nﬂnr‘ cngmnhf

pllection of data describing the image or the image decoding process embedded into ¢
11 marker segments

y: See ISO/IEC 18477-3:2015, Annex B for definition of boxes.

of a coding process

decoding

sed to convert inputdata into symbols to be coded

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

3.1.13
compressio

reduction inr';he number of bits used to represent source image data

3.1.14
component

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

Note 1 to entry: An image typically consists of several components, e.g. red, green and blue.

3.1.15

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

3.1.16
data unit
8 x 8 block o

f samples of one component in DCT-based processes; a sample in lossless processes

ne or

© ISO/IEC 2016 - All rights reserved
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3.1.17
decoder
embodiment of a decoding process

3.1.18
decoding process
process which takes as its input compressed image data and outputs a continuous-tone image

3.1.19
dequantization
inverse procedure to quantization by which the decoder recovers a representation of the DCT coefficients

3.1.2

discijete cosine transform
DCT
eithef the forward discrete cosine transform or the inverse discrete cosine transform

3.1.211
downsampling
procddure by which the spatial resolution of a component is reduced

3.1.2p
encofler
embddiment of an encoding process

3.1.28
encofling process
procgss which takes as its input a continuous-tone image and outputs compressed image dpata

3.1.2¢
entr¢py-coded (data) segment
indegendently decodable sequence of entrepy encoded bytes of compressed image data

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

3.1.2

entr¢gpy decoding
losslgss procedure whichrecovers the sequence of symbols from the sequence of bits profluced by the
entrdpy encoder

3.1.2
entr¢py encoder
embddimeft-of an entropy encoding procedure

3.1.2

entropy encoding
lossless procedure which converts a sequence of input symbols into a sequence of bits such that the
average number of bits per symbol approaches the entropy of the input symbols

3.1.29
grayscale image
continuous-tone image that has only one component

3.1.30
high dynamic range
image or image data comprised of samples using a floating point representation

© ISO/IEC 2016 - All rights reserved 3


https://iecnorm.com/api/?name=1054bf58c675eb0d99c513b8f4889d9e

ISO/IEC 18

3.1.31

477-7:2016(E)

Huffman decoder
embodiment of a Huffman decoding procedure

3.1.32

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

3.1.33

Huffman encoder

embodimentoefaHuffman nnr‘nr‘ihg prnr‘nr]nrn

3.1.34
Huffman e

c
entropy encllding procedure which assigns a variable length code to each input symbol

3.1.35

joint photog
JPEG
informal nay

Note 1 to entr

3.1.36

legacy code
collection of
syntax elem
of the collec
defined in A

oding

'raphic experts group
ne of the committee which created this International Standard

y: The “joint” comes from the ITU-T and ISO/IEC collaboration.

Stream

markers and syntax elements defined by Rec.dTU-T T.81 | ISO/IEC 10918-1 bar
ents defined by the family ISO/IEC 18477 standards, i.e. the legacy codestream col
fion of all markers except those APP11 markets that describe JPEG XT boxes by the s
nnex A

3.1.37

legacy deco
embodiment
lossy DCT pr
to eight bits

3.1.38
lossless
descriptive

decoding pr¢cedure(s) is identical to the input to the encoding procedure(s)

3.1.39

lossless coding

mode of ope
in which all

der

of a decoding process conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1, confined t
ocess and the baseline, sequential or progressive modes, decoding at most four compo
per component

ferm for encoding)and decoding processes and procedures in which the output ¢

ation which refers to any one of the coding processes defined in this part of ISO/IEC 1
pf theprocedures are lossless

P any
hsists
yntax

o the
hents

f the

8477

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

3.1.40
lossy

descriptive term for encoding and decoding processes which are not lossless

3.1.41

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

3.1.42
marker

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

© ISO/IEC 2016 - All rights re

served
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3.1.43
marker segment
marker together with its associated set of parameters

3.1.44

pixel

collection of sample values in the spatial image domain having all the same sample coordinates, e.g. a
pixel may consist of three samples describing its red, green and blue value

3.1.45
precision

rocess

ata box and
hage to form

itive and/or
hnge or wide

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

3.1.53
sample
one element in the two-dimensional image array which comprises a component

3.1.54
sample grid
common coordinate system for all samples of an image

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

3.1.55
scan
single pass through the data for one or more of the components in an image

© ISO/IEC 2016 - All rights reserved 5
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3.1.56

scan header
marker segment that contains a start-of-scan marker and associated scan parameters that are coded at
the beginning of a scan

3.1.57

table specification data
coded representation from which the tables used in the encoder and decoder are generated and their

destinations

3.1.58

specified

1antization

(uniform) q
procedure b

3.1.59
upsampling
procedure b

3.1.60

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

y which the spatial resolution of a component is increased

vertical sampling factor

relative nunj
data units in

ber of vertical data units of a particular component with respecCt to the number of ve
the other components in the frame

ence
ential ordering of the DCT coefficients from (approximately) lowest spatial frequen

pls
of the sample grid in positions
F of the sample grid in pOsitions

er of components if-ah image

pling factor of-eomponent i in horizontal direction

pling factor of component i in vertical direction

plifigrindicator of componenti in the frame header

rtical

cy to

sample value at the sample grid position x,y

additional number of dct coefficient bits represented by refinement scans in the legacy decod-

ing path, 8 + Ry, is the number of non-fractional bits (i.e. bits in front of the “binary dot”) of the

t of the inverse dct process in the legacy decoding path

additional number of dct coefficient bits represented by refinement scans in the residual decod-

ing path. p + Ry 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 recorded in the
frame header of the residual codestream

3.1.61
zero byte
0x00 byte
3.1.62
zig-zag seq
specific seq
highest
3.2 Symb
X width
Y heigh
Nf numb
Six  Subsa
Siy  subsa
H; subsal
Vi
Vxy
Rp

outpu
Ry
Rp
6

additional bits in the hdr image. 8 + Ry, is the sample precision of the reconstructed hdr image

© ISO/IEC 2016 - All rights reserved
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3.3 Abbreviations

ASCII American Standard Code for Information Interchange
LSB  Least Significant Bit

MSB  Most Significant Bit

HDR High Dynamic Range

LDR  Low Dynamic Range

-7:2016(E)

TMO| Tone Mapping Operator

DCT | Discrete Cosine Transformation

4 (onventions

4.1 |Conformance language
This part of ISO/IEC 18477 consists of normative and informative-text.

Normative textis that text which expresses mandatory requirements. The word “shall” is us
mandatory requirements strictly to be followed in order tocgonform to this part of ISO/IE
from|which no deviation is permitted. A conforming implementation is one that fulfils al
requirements.

Informative text is text that is potentially helpfultosthe user, but not indispensable and can
changed or added editorially without affectingsinteroperability. All text in this part of IS
is normative, with the following exceptionssxthe Introduction, any parts of the text that g
labelled as “informative”, and statements appearing with the preamble “NOTE” and behavio|
using the word “should”. The word “shauld” is used to describe behaviour that is encourag
required for conformance to this part.of ISO/IEC 18477.

The keywords “may” and “need-not” indicate a course of action that is permissible in 4
implgmentation.

The Keyword “reserved” indicates a provision that is not specified at this time, shall not
may be specified in thé future. The keyword “forbidden” indicates “reserved” and in addit
that the provision wilbnever be specified in the future.

4.2 |Operators

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

bd to express
C 18477 and
| mandatory

be removed,
D/IEC 18477
re explicitly
ur described
ed but is not

conforming

be used, and
on indicates

sed in the C

4.2.1 Arithmetic operators

+ addition

subtraction (as a binary operator) or negation (as a unary prefix operator)
* multiplication

/ division without truncation or rounding

© ISO/IEC 2016 - All rights reserved
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4.2.2 Logical operators

I
&&

X €

X €&

Logical OR
Logical AND

Logical NOT

{A, B} isdefined as (x==A || x==B)

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

Reld
gre
gre
les
les
eqy
notj

4.2.4 Preq

Operators at

line, they ha
in an expres

tional operators
ater than
ater than or equal to
than
than or equal to
alto

equal to

edence order of operators

e listed below in descending order of precedence. If several operators appear in the
e equal precedence. When several operators-of equal precedence appear at the same
sion, evaluation proceeds according to the@ssociativity of the operator either from ri

left or from left to right.

Type of operation Associativity

Expression Left to Right
Unary negation
Mudtiplication Left to Right
Addition and Subtraction Left to Right

Relational Left to Right

same
level
rht to

Operators
0. [1-

*, /

+, —

<,> <=, >=
4.2.5 Mat

sign(x)

clamp(x, min,

. 1 £ .
ICIIAULAT TUIICUUIIS

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.

Absolute value, is -x for x < 0; otherwise, x
Sign of x, 0 if x is zero, +1 if x is positive, -1 if x is negative.

max)

© ISO/IEC 2016 - All rights re
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xa

log(x)

exp(x)

5
The

[SO/1
term

The
a)

b)

5.1

This

that

stang
only

This

and

of the

The

part
defin,
for fy
1SO/1
as Re ement Coding,spe d
carried by the Residual Data box.

ISO/IEC 18477

-7:2016(E)

Raises the value of x to the power of a. x is a non-negative real number, a is a real number.

xais equal to exp(a x log(x)) where exp is the exponential function and log()
logarithm. If x is 0 and a is positive, x2 is defined to be 0.

The exponential function of x. exp(x) equals ex where e is the Euler number.
more, exp(log(x)) = x for all positive numbers x.

General

the natural

Natural logarithm to the base of e. log(x) is undefined for non-positive values of x.

Further-

K
EC 18477. Another purpose is to introduce many of the terms which are defined in\Clz

5 are printed in italics upon first usage in this Clause.

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

A
i

n encoder is an embodiment of an encoding process. An encoder takes as input d
mage data and encoder specifications and by means of a specified set of procedures,
utput codestream.

o

A decoder is an embodiment of a decoding process. A decoder takes as input a codest
means of a specified set of procedures, generates as output-digital reconstructed image|
The codestream is a compressed image data representation which includes all neceg
dllow a (full or approximate) reconstruction of thesample values of a digital image. Ad
might be required that define the interpretatiofi/of the sample data, such as colour
sjpatial dimensions of the samples.

High level overview on JPEG XT ISO18477-7 (informative)

bart of ISO/IEC 18477 allows lossy.coding of high dynamic range of photographic imsa
s backwards compatible to Rec. FTU-T T.81 | ISO/IEC 10918-1. Decoders compliant
ard will be able to parse codéstreams conforming to this part of ISO/IEC 18477 cor
n 8-bit sample precision witha limited dynamic range and potentially a limited colou

bart of ISO/IEC 18477 ineludes multiple tools to reach the above functionality, define
n. A short overview on these coding tools will be given in this subclause; an in-depth
algorithm is givén)in Annex A.

g

dyntax of an. ISO/IEC 18477-7 compliant codestream is specified in ISO/IEC 18477-3
pf [SO/IECGP8477 uses a syntax element denoted as “box” to annotate its syntactical e
ition of the box syntax element is not repeated here, and readers are referred to ISO

rther details. Additional boxes besides those already specified in ISO/IEC 18477-3 a

urpose of this Clause is to give an informative overview of the elements specified-in this part of

use 3. These

igital source
penerates as

ream and by
data.

sary data to
ditional data
space or the

ges in a way
to the latter
rectly, albeit
r gamut.

d in Annex B
specification

that is, this
ements. The
IEC 18477-3
e defined in
hg tools such

FC18477-6:2016, Annex B and in Annex B. In addition, ISO/IEC 18477-6 defines codil

&

codestream

The Refinement Scan, specified in ISO/IEC 18477-6:2016, Annex D, increases the bit precision of the
DCT coefficients, i.e. it operates in the DCT domain. The mechanism used here is very similar to that
of Subsequent Approximation Scans specified in Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, Annex G. A
legacy baseline, extended or progressive Huffman scan as defined in Annex G of the legacy standard
defines the 12 most significant bits of the DCT coefficients. These initial scans are represented in
the legacy codestream and are visible for any ISO/IEC 18477-1 compliant decoder. Refinement Scans
decode now into up to four additional least significant bits in the same way subsequent approximation
within Rec. ITU-T T.81 | ISO/IEC 10918-1 decode least significant bits of a progressive scan pattern.
The difference between Refinement Scans and Subsequent Approximation Scans is only that in the
latter case, the number of least significant bits is annotated in the scan header of the legacy codestream
whereas Refinement Scans are hidden from legacy applications and do not alter the scan header of the
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legacy codestream. Their number is indicated in the Refinement Specification box within the Merging
Specification box and not in the legacy codestream.

While Refinement Scans extend the bit precision within the DCT domain by up to four bits, Residual
Scans extend the sample precision in the spatial (image) domain. While the entropy coded data of
Residual Scans is hidden in the Residual Data box from legacy applications, its decoding process
is identical to that of the legacy data: baseline, extended or progressive Huffman scan decodes the
data in the Residual Data box to DCT coefficients, inverse quantization and inverse Discrete Cosine
Transformation (DCT) compute from these coefficients the residual image data. An image merging
process, defined in Annex A, computes from the precursor image reconstructed from the legacy
codestream and the residual image a final HDR output image.

This merginlg process is depicted in Figure 1. It first performs chroma-upsampling to reconstjjuct a

single samp
ISO/IEC 184
into the Rec
the BT.601 ¢
is optionally
from YCbCr
transformat
acting separ
either be see
transforms {
radiance. It
of this deco
colourspace
final HDR im

Processing
image are d¢
by additiond

e on each point of the sample grid of the base image. Chroma upsampling is specified in
77-1:2015, Annex A. It then converts the colour space of the base image first from YCbCr
ITU-T BT.601 colourspace. Optionally, the luma signal of the LDR image is computed|from
blourspace and used as prescaling of the chroma signals of the residual¢/The BT.601 i
transformed again into a wider colourspace. For practical reasonsgthe transformgtions
to BT.601 and from BT.601 into an output colourspace are combined into a single linear
on matrix. This linear transformation is followed by a nonlinear point transformation
ately on each of the output channels sample by sample. This{point transformatiop can
n as an approximate inverse tone mapping operation, or as inyerse gamma correction that
he nonlinear sample values of the LDR image into sampleZvalues proportional to physical
can either be specified by a parametric curve, or by aiexplicit lookup table. The output
Hing path is transformed again by an optional colour transformation into the finall HDR
forming the precursor image which representstarough imprecise approximation ¢f the
age, already in the correct HDR output colour space.

idual
nded
ssing

continues with the decoding of the Residual Image. DCT coefficients of the res
pcoded from the information in the Residural Data box, and their bit precision is exte
| refinement scans decoded from the\data in the Residual Refinement box. Proce

proceeds wi
upsampling
a nonlinear
resulting in
pre-scaled

prescaling
image throu
limited dyn

an inverse li
colourspace
matrix in t

samples arg
operation is

To form the

h inverse quantization and inverse, DCT transformation. The output undergoes chiroma
o generate a single sample per sample grid coordinate. The next processing step pe:‘t‘rms
point transformation on each+of the reconstructed channels, separately for each sample,
an error image in a YCbGr type of colour space. Chroma samples are then optignally
y a factor that is computed from the luminance value of the LDR image by a nonljnear

ap. Optionally, a post-scaling factor is computed from the luminance of the regidual
from
ergo
[CbCr
ation
idual
[ this

bh a nonlinear post:scaling map. The post-scaling factor scales a linear HDR image
mic range to full'dynamic range in a later processing stage. Residual samples then un

ear decorrelation transformation to map the sample values from the intermediate Y
into the targetcolourspace. This transformation is typically identical to the transform
e base decoding path, but does not need to be. After inverse decorrelation, the res
mapped-again by the residual nonlinear point transformation. The result o
he tesidual image.

added together, plus an offset to make the re51dual image symmetric around zero. The result of this
is scaled by the post scaling factor if the nonlinear post-scaling map is present. Results are then
clamped to the range of the intermediate range output image and finally processed through the output
conversion. The output conversion either convers samples from integer to floating point by a half-
exponential map, or uses a table lookup or parametric curve for this conversion.

The detailed specification of the decoding and merging process is found in Annex A.
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Figure 1 — Overview on the decoding process

Profiles

Profiles define the implementation of a particular technology within the functior
e 1. The profiles are described in Annex E.

Encoder requirements

b is no requirement in this part of ISO/IEC\18477 that any encoder shall support al

x and to limit the coding parameters to‘those valid within the profile it conforms to
pd in Annex E.

Decoder requirements

oding process converts-compressed image data to reconstructed image data. It m3g

herate an LDR imageMrom the legacy codestream, and it shall follow the operations
D/IEC 18477 to decode an HDR image from the data in the full file. The Decoder sh
tream syntax to/extract the parameters, the residual image and the base image. The
be used to merge the residual image with the base image into the reconstructed HDR

hay, convert a codestream conforming to this part of ISO/IEC 18477 without cons

al blocks of

profiles. An
brding to the
Profiles are

y follow the
[EC 18477-1
in this part
hll parse the
parameters
Image.

idering the

formation in any box into to a low dynamic range image, and

b)

dynamic range image.
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Annex A
(normative)

Encoding and decoding process

A.1 General

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

A.2 Decogding process (normative)

The decoding processrelies on alayered approach to extend JPEG’s capabilities. The'encoder decom

b that

pOSeS

an HDR image into a base layer, which consists of a tone-mapped version of the HDR image, and ar HDR

residual layqr. The combination of the data in the residual codestream and the‘legacy codestream

allow

the reconstrjuction of the fully HDR image. Both the metadata describingthe merging process ard the
residual imajge are included in boxes invisible to legacy decoders. Suchdecoders will thus only sge the

tone mapped LDR image. While the base image complies to ISO/IEC18477-1 and thus supports on

y the

8-bit extended or baseline, extended or progressive Huffman modes; the residual image may optignally

be encoded in the 12-bit Huffman or progressive modes.

Figure A.1 ilJustrates the functionality of a compliant decoder.

12 © ISO/IEC 2016 - All rights re
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Figure A.1 — High level overview of the decoding process of a compliant decgder

subclause specifies the'reconstruction process of an intermediate dynamic range image from a

LDR image and residual ifnage decoders shall follow. This process, which is an extension of the process

defin

e

]

i

h ReeATU-T T.81 | ISO/IEC 10918-1.

d in [SO/IEC 18477-6, consists of the following steps (see also Figure A.1).

hsteps BlandB1a, reconstructthebase datafromlegacy codestreamand therefinementcodestream
Fa Refinendent Data box is present. Refinement coding is specified in ISO/IEC 18477-6:2(16, Annex D.

h stepsB1 and B1a, apply the Inverse Quantization and Inverse Discrete Cosine Transformation as

— In'step BZ, the upsampling process specified in [SO/TEC 18477-1:2015, Annex A shall be followed to
generate samples for all positions on the sample grid.

— In step B3, the linear transformation selected by the Base Transformation box defined in
ISO/IEC 18477-6:2016, Annex B and Annex C shall be applied to inversely decorrelate the image
components. [ISO/IEC 18477-6:2016, Table C.1 defines which transformation to pick. The output of
this block consists of either one or three samples per grid point Oj;, depending on the number of
components in the legacy codestream. The output of this transformation is rounded to integers
and clipped to [0, 2Rh+8-1] where Ry, is the number of refinement scans in the base image, see
ISO/IEC 18477-6:2016, Annex D.

— In step B4, a point transformation shall be applied to each of the output components 0j. This
process is selected according to the Base Nonlinear Point Transformation subbox of the Merging
Specification box, implementing the Base Nonlinear Point Transformations and following the

© ISO/IEC 2016 - All rights reserved
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specifications of Annex C of ISO/IEC 18477-3:2015, Annex C. The outputs of this process are the
predicted high dynamic range samples J;. As above, i=1..Nf. The Base Nonlinear Point Transformation
box is specified in ISO/IEC 18477-6:2016, Annex B.

In step B4a, a colour transformation is applied to the input values J; resulting in the output pixel
values Hj. The transformation is selected by the Colour Transformation subbox of the Merging
Specification box, which selects one of the transformations defined in ISO/IEC 18477-6:2016, AnnexC.
If Nf equals one, no transformation is performed. The Colour Transformation box is specified in
ISO/IEC 18477-6:2016, Annex B. The output of this step is the linear precursor image samples ®;.

In steps B3a and B3b, an optional prescaling transformation extracts the luminance from the linear
precurser imagn (h; A Nonlinear prn-cr‘a]n map r‘nmpnfnc from the luminancea prn-cr‘nling factor
v that if applied to the reconstructed chroma components Pz and P3 according to the procedure
describgd in B.8. The luma value remains unaffected by the scaling process. If the nontineay pre-
scaling map is not present, the inferred value of the pre-scale factor shall be 1. The pres¢aling
transforjmation is defined by the Pre-scale Transformation box, the nonlinear pre*scale mpp by
the Pregcaling Nonlinear Point Transformation box, both of which are specified in Annex B.

In step |B4b, the Secondary Base Nonlinear Point Transformation box“applies a nonlinear
transforjmation to the linear precursor image samples ®; creating the high{dynamic range precursor
image HJ. If this box is not present, the high dynamic range precursor infage samples H; are ideptical
to the lijear precursor image ®;j.

In steps| B5 and B5a, the residual image shall be reconstructed\from the data contained in the
Residual Codestream box and the Residual Refinement box.,, The codestream contained in this box
follows the specifications defined in Rec. ITU-T T.81 | ISO/MEC.10918-1. If a Residual Refinement box
is present, the precision of the samples of the residual cddestream shall be extended by refingment
coding gs specified in ISO/IEC 18477-6:2016, Annex D.:The number of components of the regidual
image slall either be equal to the number of components signaled in the base image, or shall be one.
If it is ome, the inferred chrominance values are 22-1+Rr where P is the bit precision of the regidual
image specified by the frame header of the residual codestream and Ry the number of regidual
refinement scans. The Ry parameter is defined by the Refinement Specification subbox definled in
ISO/IEC|18477-6:2016, Annex B.

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

In step B6, residual data is upsampled to the common sample grid following the specificatjon of
ISO/IEC(18477-1:2015, Annex A, resulting in the Residual Image R;.

In step B7, apply a pointtransformation to R; that is defined by the Residual Point Transfornation
subbox of the Merging Specification box. The outputs of this operation are three residual sgmple
values pler pixel dehoted by P;.

In step B7a, the:chrominance values of the residual image P; are multiplied by the prescaling factor
v, giving thé€ pre-scaled values II;.

In step B8, an inverse colour decorrelation shall be applied to the I1; data. The transformation is
defined by the Residual Transformation box, which is a subboxes of the Merging Specification box,
and is specified in ISO/IEC 18477-6:2016, Annex B. The outputs of this process are the inversely
decorrelated prediction errors W;.

In step B8a, a postscaling factor p is computed through the nonlinear post-scaling map from the
luma component of the reconstructed residual image R. The post-scaling map is defined by the
Postscaling NonLinear Point Transformation box defined in Annex B. Ifthe Postscaling Nonlinear
Point Transformation box is not present, the inferred value of the postscaling factor p shall be 1.

In step B8b, the Intermediate Nonlinear Point Transformation box defined in Annex B applies
a gamma-correction on the decorrelated prediction errors W; generating the gamma-corrected
decorrelated prediction errors T;j. This process is implemented by a Parametric Curve box. If the
Intermediate Nonlinear Point Transformation box is not present, T; equals V;.

© ISO/IEC 2016 - All rights reserved
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In step B8c, the Residual Colour Transformation box defined in Annex B applies an optional
transformation of the gamma-corrected decorrelated prediction values T; from the source
colour space into the target colour space, defining the residual errors ;. If the Residual Colour
Transformation box is not present, () equals T;.

In step B8d, a secondary nonlinear point transformation selected by the Secondary Residual
Nonlinear Point Transformation box is applied. This box selects for each component a
nonlinearity, either a Floating Point Table Lookup box or a Parametric Curve box that maps the
inversely decorrelated residual errors () into the final residual errors Q;. If this box is not present,
Qjis setto Q.

ing process, is
ecorrelation
ubbox of the

drediction errors Q;. The output bit precision Ry, is taken from the Output Convension s
erging Specification box defined in Annex B. For this, compute

_ oRb+8-1

o]

t=px|H; +Q;

h step B10, the values F; are further processed by the output conversion which is spe
Jutput Conversion box. The output transformation box is defif€d in Annex B, and is
fthe Output Transformation box defined in ISO/IEC 1847 7-6-0Qutput conversion eithg
onlinear point transformation for each component, or roinds the output to integers,
b the range [0,2Rb-1] and then applies a half-exponefitial integer to floating poin
pecified in Annex D.

W ot 5 O ™ —

Encoding process (informative)

part of [SO/IEC 18477 does not define aiormative encoding process. Any encoding
ates a file format that is compliant to,this part of ISO/IEC 18477 is acceptable as lon
Wt reconstructs to the desired image by the normative decoding algorithm.

Application notes (informative)

part of [SO/IEC 18477 specifies a decoding process that is only normative in so far a

coding process specified in A.2 precisely as long as its output is equivalent to the a

cified by the
hn extension
r performs a
then clamps
[ conversion

process that
g as this file

5 it defines a
red to follow
bove. In fact,

rEing process whose putput compliant implementations shall replicate. There is no n¢

apove decoding process offers for many profiles (see Annex E for their definition) pptimization

opportunities implementations are encouraged to use.

This |subclause<is a non-exhaustive list of such opportunities that may lower the climplexity of
impldmentations or may lower coding errors due to imperfect implementations of mpathematical
functiionssuch as x2, log() or exp().

© ISO/IEC 2016 - All rights reserved
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Tthe—rnontineatr lJUillt trafsformation processes defined b_y trte—Curve—bok include an
input scaling and an output scaling mechanism that ensures that the arguments to the pre-defined
functions of the Parametric Curve box are always between 0 and 1. This scaling process is defined in
ISO/IEC 18477-3:2015, Annex C. Under some situations, this scaling process can be omitted because
the output scaling of a nonlinear transformation cancels with the input scaling of the nonlinear
transformation following it in the decoding chain, and the transformation between them is linear,
allowing exchange it with linear scaling. This optimization can be applied to decoding steps B4, B4a,
B4b and B8, B8b, B8c, B8d.

The Output Conversion process together with the addition and the Secondary Base/Residual
nonlinear Point Transformations, i.e. steps B4b, B8d, B9 and B10, can sometimes be accumulated into
a single simpler composition process, giving decoders the freedom to merge these four steps into
a single step. This happens, for example, for Profile B, see E.3, where the Secondary Base/Residual
Nonlinear Point Transformations are logarithmic and the Output Conversion is an exponential map.
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Implementations may want to optimize these steps into a single division operation. For details, see
the informative note at the end of E.3.

— Pre-scaling and post-scaling operations, i.e. the multiplications by v and pin steps B7a and B9 can be
omitted if the decoder can ensure that the scale factors are constant one. This happens, for example,
in Profiles B, C and D where the Pre-scaling Nonlinear Transformation box and the Post-scaling
Nonlinear Transformation box are absent.

16 © ISO/IEC 2016 - All rights reserved
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Annex B
(normative)

Boxes

ISO/IEC 18477-7:2016(E)

This JAnnex selects and refines a subset of the boxes defined in ISO/IEC 18477-3 for. th¢ purpose of
high dynamic range image coding. It lists those boxes of ISO/IEC 18477-3 that aré\requlired for this
part pf ISO/IEC 18477. All other boxes are optional and its interpretation is outside the $cope of this
part ¢f ISO/IEC 18477. Other parts of ISO/IEC 18477 or other standards may define their mheaning, and

decodlers conforming to this part of ISO/IEC 18477 may ignore them.

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

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

Further definition$ in which
Box Name Box Type subclause of this part of ISO/
IEC 18477
File Type box 0x66747970 (“ftyp”).
Legacy Data Checksum box 0x4C43484B (“LCHK")
Residual Data box 0x52455349 (“RESI")
Residual Refinement box 0x5246494e (“RFIN”)
Refinement Data box 0x46494e45 (“FINE”)
Merging Specification box 0x53504543 (“SPEC”)
Parametric Curve box 0x43555256 (“CURV”)
Integer Table Lookup box 0x544f4e45 (“TONE”)
Floating Point Table Logkup box 0x46544f4e (“FTON")
Fix-ppint Linear Trané§formation box 0x4D545258 (“MTRX")
Floatmg-pomF Linear 0x46545258 (“FTRX”)
Transferfation box
OutputConversion box 0x4F434F4E (“OCON") B.2
Refinement Specification box 0x52535043 (“RSPC”)
Base Nonlinear Point Iransiorma- « ”
tion Specification box 0x4C505453 ("LPTS") B3
Secondary Base Nonlinear Point « »
Transformation Specification box 0x52505453 ("CPTS") B4
Residual _Nonllnezflr_ P01_nt Transfor- 0x5152505453 (“QPTS") B.S
mation Specification box
Intermediate Residual Nonlinear
Point Transformation Specification 0x44505453 (“DPTS”) B.6
box
Secondary Res_ldual Nc_)n_lmgar Point 0x52505453 (“RPTS") B.7
Transformation Specification box

© ISO/IEC 2016 - All rights reserved
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Table B.1 (continued)

Further definitions in which
Box Name Box Type subclause of this part of ISO/
1IEC 18477
Prescalmg_ Nonlme_a_r qunt Trans- 0x53505453 (“SPTS") B.8
formation Specification box
Postscaling Nonl.mear Point 0x50505453 (“PPTS") B9
Transformation box

Base Transformation box 0x4C545246 (“LTRF”) B.10
Residual fframsformmatiomrbox 0x52545246 t“RTRF B-tt
Colour Transformation box 0x43545246 (“CTRF”). B.12
Residual Colgur Transformation box 0x44545246 (“DTRF”) B.13
Prescaling Transformation box 0x53545246 (“STRE”) B.14

B.2 Outp

This mandat
merging prd
that step B1
Annex B, tha

This box sha
box defined
Merging Spe|

Table B.2 ¢
ISO/IEC 184

The detaile
ISO/IEC 184

1t Conversion box

ory box defines the conversion process from the result of the base image/residual i
cess to the final floating point samples. It describes the (final merging process a
D of the algorithm described in A.2. This box is already-d€fined in ISO/IEC 18477-3:
ugh its application to this part of ISO/IEC 18477 further‘constraints the value of its fi

1l never appear top level in the file, but it shall beya subbox of the Merging Specific
in [SO/IEC 18477-3:2015, Annex B. Exactly one‘Qutput Conversion box shall appear 1
cification box if a Merging Specification box exists.

bnstraints the parameters of the Output Conversion box as applied in this pa3
7.

d list of operations to be performed by the Output Conversion is specifie
V7-3:2015, Annex B.

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

age

d by
2015,
elds.

ation
n the
rt of

d in

Parameter]

Constraints within this
Recommendation| Interna-
tional/Standard

Meaning

The value of this field shall be eight.

Number of additional bits available for high dynamic rang
data. The bit precision of the reconstructed high dynamic
range image shall be computed as 8 + Ry, = 16.

The value of this field shall be 0.

Lf

less. ISO/IEC 18477-7 only specifies lossy coding.

customized DCT implementation is acceptable.

This field indicates whether the compression is lossy or loss-

Decoders may use this field to decide whether to follow the
DCT specification of ISO/IEC 18477-8 precisely or whether a

18
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Table B.2 (continued)

Parameter

Constraints within this
Recommendation | Interna-
tional Standard

Meaning

Oc

0.1

Annex D shall be applied.

flag which controls clipping of output values.

Half-exponential output-enable flag. If this flag is set, the
output of the merging step shall be rounded to the nearest
integer, then clipped, and the half-exponential map defined in

The value of this flag shall be identical to the value of the Ce

If the Oc flag is 1, the Ol flag shall be 0.
See Table B.3 for a detailed definition of Output Cq

nversion.

Ce

0.1

range [0,28+Rb-1] if Oc is 0, or clipped/to’[-0x7bff,0)
is 1 before processing the data further.

The value of this flag shall be idehtical to the valu
flag.

This field indicates whether the outputshall be clipped to

7bff] if Oc

b of the Oc

0l

0.1

This field indicates whethéran output lookup or g
transformation is requined. If so, output shall be p
further by a nonlin€appoint transformation defin
parameters.

This flag shallbe 0 whenever the Oc flag is 1.

oint
rocessed
ed by the toj

tog

0..15

This field selects the output point transformation
compoient 0 if Ol is set. It selects the Floating Poi
Lookup'box or a Parametric Curve box for output
finding the box whose M parameter matches tog.

If' Ol is 0, this parameter is ignored.

for
ht Table

mapping by

to1

0..15

Selects a nonlinear point output map for compone
set. Ignored if Ol is reset.

nt 1if Olis

top

0..15

Selects a nonlinear point output map for compone
set. Ignored if Ol is reset.

nt 2 if Ol is

tos

Reserved for ITU | ISO/IEC purposes.

Table B.3"— Selection of the output conversion from the parameters

Ce

0l

toj Output conversion proce

SS

1

0

ignored

Half exponential map for all cotnponents
specified in Annex D

ignored

Direct output of Fj, the output thle merging
process are the reconstructedfsamples

Selects nonlinear point
transformation for com-
ponent i

The outputs of the merging process Fj are the
input to a nonlinear point transformation
selected by to;. The value toj selects a Floating
Point Table Lookup box or a Parametric Curve
box by finding the box whose M value equals the
value of toj

All other combinations

Reserved for ITU | ISO/IEC purposes.

The nonlinear point transformations selected by this box shall only be Parametric Curve boxes. 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. The nonlinear point transformation itself is given by the
process specified in ISO/IEC 18477-3:2015, Annex C. It requires four additional parameters, the input
range Ry, Re and the output range R¢, Rt. The two value pairs shall be given as follows:
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Rw=1 Re=0

Ri=1 Rf=0

The value of the rounding mode e shall be 0. Note that the value of e is ignored for this specific setting.

B.3 Base

Nonlinear Point Transformation Specification box

This box defines the nonlinear point transformation between the output of the Base Transformation
and the Colour Transformation. It thus defines step B4 in the decoder description in Annex A. At most
one Base Nonlinear Point Transformation Specification box shall exist as a subbox of the Merging

Specificatior]
Nonlinear Tt

The nonline
Point Table

appear at to
The nonline
Annex C.Itr
two value p3

The value RY
Specificatior]

The value Ry
If this box do

as if a Parametric Curve box with the identity fufiction, i.e. with parameters t = 2 and e = 1, had

selected. Thi

The type of
does not dsd
parameters

B.4 Secomdary Base Nonlinear Point Transformation Specification box

This box, if g
image domg

description ¢f Annex\4, i.e. it maps the linear precursor image sample values ®; into the final prec

image Hj to
®;. The box

ansformation Specification box, defined in ISO/IEC 18477-3:2015, Annex B

hr point transformation selected by this box is an Integer Table Lookup box,”a Fla
.ookup box or a Parametric Curve box. The corresponding boxes refereficed by thi
b level of the ISO/IEC 18477-3 compliant file or as subbox of the Merging Specificatior
hr point transformation itself is given by the process specified in ISO/IEC 18477-3:
equires four additional parameters, the input range Ry, Re and the output range R, R

irs shall be given as follows:
Rw=8+Rp Re=0
Rt =8+ Rb Rf =0

is the number of refinement scans in the base decgding path and is found in the Refing
box. If the Refinement specification box is absent, the inferred value of Ry, is 0.

is found in the Output Conversion box, where’Rp, + 8 is the output precision of the im

es not exist, the implied nonlinear pointtransformation in the base decoding path is de

it is, the input range is linearly scaled to the output range by the parameters Ry and R

this box shall be 0x4C52505453, ASCII encoding of “LPTS”. The box structure and I
viate from that in ISO/IEC~18477-3:2015, Annex B, neither apply any restrictio
bf the box.

resent, seleets\a secondary nonlinear point-transformation that is applied in the prec
in after_the Colour Transformation. This box implements processing step B4a i

which,the prediction residuals Q; are added. If this box is not present, H; is identi

box. It shall not appear at top-level of the file. The box layout of this box is that ¢f the

ating
s box
1 Box.
2015,
k. The

ment

hge.
fined

been
t.

ayout
ns to

ursor
n the
ursor
ral to

layout of this box is that of the Nonlinear Transformation Specification box, defi

ISO/IEC 184

77 . 2N

qed in

A R
7 7790.4U19, AIIIICTA D.

The nonlinear point transformation selected by this box is either a Floating Point Table 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. The nonlinear point
transformation itself is given by the process specified in ISO/IEC 18477-3:2015, Annex C. It requires
four additional parameters, the input range Ry, Re and the output range Ry, Ry. The two value pairs shall

be given as follows:

Rw=8+Rp Re=0

Rt=8+Rp Re=0

The value Ry is found in the Output Conversion box, where Ry, + 8 is the output precision of the image.
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If this box does not exist, the implied nonlinear point transformation in the base decoding path is
defined as if a Parametric Curve box with the identity function had been selected, i.e. with parameters
t=2and e = 1. That is, the input is identical to the output.

The type of this box shall be 0x43505453, ASCII encoding of “CPTS”. The box structure and layout
does not deviate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any restrictions to
parameters of the box.

B.5 Residual Nonlinear Point Transformation Specification box

esidual DCT
escription in

This box_define yveen the o of the

DOX ) d [ DU
trangformation and the Residual Transformation. It thus defines step B7 in the decoder;d

A. At most, one Residual nonlinear Point Transformation Specification box shall ey

The nonlinear point transformation selected by this box, if it is present, shallbe a Parametr
Referjences to Integer or Floating Point Table Lookup boxes are not permitted. The corresp
refergnced by this box appear at top level of the ISO/IEC 18477-3 compliant file or as suk
Merglng Specification box. The nonlinear point transformation itgself is given by the proces
ISO/IEC 18477-3:2015, Annex C. It requires four additional parameters, the input range R{

ist as a sub-
1t of this box
15, Annex B.

ic Curve box.
nding boxes
boxes of the
5 specified in
» Re and the

outpyit range Ry, Rr. The two value pairs shall be given as follews:

Rw =P+ Ry Re=0

Rt=8+ Ry Re=0
The V
Refin
0. Th
codes

found in the
ralue of Ry is
the residual

alue Ry is the number of residual refinement scans in the base decoding path and is
ement Specification box. If the Refinemént Specification box is absent, the inferred ¥
e value of P is the bitdepth of the residual image; it is found in the frame header of|
tream, see Rec. ITU-T T.81 | ISO/IE€10918-1:1994, Table B.2.

The value Rp is found in the OutputConversion box, where Ry, + 8 is the output precision of{the image.

If this
as if @
e=0.

this defined
erst= 2 and
d R.

box does not exist, the implied nonlinear point transformation in the base decoding p3
Parametric Curve box with the identity function had been selected, i.e. with paramet
That is, the input range is linearly scaled to the output range by the parameters Ry ar

The tlype of this box shall be 0x5152505453, ASCII encoding of “QPTS”. The box structur
does |not deviate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any re
paraineters of the'box.

e and layout
strictions to

NOTE
round

The default rounding mode in the residual domain in the absence of this box is e = 0, unlike the default
ing mode in the base domain, which is e = 1. This deviation is intentional.

B.6 Intermediate Residual Nonlinear Point Transformation Specification box

This box, if present, selects an intermediate nonlinear point-transformation that is applied in the
residual domain after the Residual Transformation but before the Residual Colour Transformation.
This box implements processing step B8b in the description of Annex A, i.e. it maps the inversely
decorrelated residual error values Wi into gamma-corrected residual values Tj;. If this box is not present,
Tjis identical to W;. The box layout of this box is that of the Nonlinear Transformation Specification box,
defined in ISO/IEC 18477-3:2015, Annex B.

The nonlinear point transformation selected by this box is either a Floating Point Table 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. The nonlinear point
transformation itself is given by the process specified in ISO/IEC 18477-3:2015, Annex C. It requires
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four additional parameters, the input range Ry, Re and the output range Ry, Re. The two value pairs shall
be given as follows:

Rw=8+Rp Re=0
R¢=8+Rp Rf=0
The value Ry is found in the Output Conversion box, where Rp+8 is the output precision of the image.

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

The type of
does not de
parameters

this box shall be 0x44505453, ASCII encoding of “DPTS”. The box structure and-l
viate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any restrictio
pf the box.

B.7 Secomdary Residual Nonlinear Point Transformation Specifieation box

This box, iff
residual don
description
residual err
to Qj. The b
ISO/IEC 184

The nonline
or a Parame
ISO/IEC 184
transformat
four additio
given as foll

The value Ry

If this box d
defined as if]

t=2ande=

The type of
does not de
parameters

present, selects a secondary nonlinear point transformatiofi that is applied i

r values Q; that are added to the precursor image. If this‘box is not present, Q; is ide

V'7-3:2015, Annex B.

hr point transformation selected by this box isigither a Floating Point Table Looku
Lric Curve box. The corresponding boxes referenced by this box appear at top level
77-3 compliant file or as subboxes of the Merging Specification box. The nonlinear

al parameters, the input range Ry, Re\and the output range Ry, Rt. The two values sh
ws:

Rw©8 + Ry Re=0
Ri=8+Rp Rf=0
is found in the Output Conversion box, where Ry, + 8 is the output precision of the im

bes not exist, the(implied nonlinear point transformation in the residual decoding p

0. That is, the\input is identical to the output.

this box.shall be 0x52505453, ASCII encoding of “RPTS”. The box structure and I
viate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any restrictio
pfithe box.

x layout of this box is that of the Nonlinear Transforniation Specification box, defin

on itself is given by the process specified’in ISO/IEC 18477-3:2015, Annex C. It red

a Parametric Curve box with the identity function had been selected, i.e with param

ayout
ns to

h the

nain after the Residual Transformation. This box implements processing step B8d in the
bf Annex A, i.e. it maps the inversely decorrelated residual error values (); into the

!

final
ntical
ed in

b box
bf the
point
uires
all be

hge.

hth is
eters

nyout
ns to

B.8 Prescaling Nonlinear Point Transformation box

This box, if present, computes a point-transformation that computes a prescaling factor v from the
luminance of the LDR image, implementing step B3b of Figure A.1. If this box is present, the chroma
components Pj of the residual image are scaled by v, giving the scaled chroma residuals Il;. This scaling
operation, to be implemented as specified below, implements step B7a of Figure A.1.

If the Prescaling Nonlinear Point Transformation box is not present or the residual image consists
only of a single component, the inferred value of v shall be 1, or equivalently, the multiplication of step
B7a is skipped.

Scaling of the chroma components, i.e. step B7a of Figure A.1 shall be implemented as follows. It
computes the scaled residual components II; from the unscaled residual components P; according to
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where Ry is the number of refinement scans in the residual image, signaled by the Refinement
Specification box and P is the bit precision signaled in the residual refinement frame header. The
luminance component remains unscaled.

If the residual image consists only of a single component, step B7a is skipped and no scaling takes place.

NOT
This

defin
shall

The
or a

1S0/1
trang

four

be giy

The t
notd
theb

B.9

This
lumi

multi
and H
valué

that

This

defin
box s

The

Tieabove procedure scates tire chrommiance values arourd the reutrat vatue by o-

box shall never appear top level in the file, but it shall be a subbox of the Merging Spec
ed in ISO/IEC 18477-3:2015, Annex B. At most, one Prescaling Nonlinear Point-Transfa
appear in the Merging Specification box.

!

onlinear point transformation selected by this box is either a Floating ‘Point Table
arametric Curve box. The corresponding boxes referenced by thisthox appear at toj

formation itself is given by the process specified in ISO/IEC.18477-3:2015, Annex (
ldditional parameters, the input range Ry, Re and the outputTange Ry, Rf. The two valy
Fen as follows:

q

Rw=8+Rp Re =0

Re=1 Re=0

ype of this box shall be 0x53505453, ASCII encoding of “SPTS”. The box structure anc
bviate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any restrictions to p
bx, however only parameter tdg of the box'is used.

Postscaling Nonlinear Point Transformation Specification box

box, if present, selects a peint-transformation that computes a postscaling factor
ance component (compenent 0) of the residual image. If this box is present, all comp
lied by p after adding the residual image to the precursor image. It hence implemer
9 of Figure A.1. If the.Postscaling Nonlinear Point Transformation box is not present,
of u shall be 1 anld scaling of the output components shall be skipped. The box layout

of the Nonlinear.Transformation Specification box, defined in ISO/IEC 18477-3:2015, A

box shall never appear top level in the file, but it shall be a subbox of the Merging Spec
ed in ISO/IEC 18477-3:2015, Annex B. At most, one Postscaling Nonlinear Point Tra
hall appear in the Merging Specification box.

ification box
rmation box

Lookup box
b level of the

EC 18477-3 compliant file or as subboxes of the Merging Specification box. The noplinear point

. [t requires
le pairs shall

| layout does
hrameters of

u from the
onents o are
ts steps B8a
the inferred
of this box is
\nnex B.

ification box
nsformation

fup 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. The nonlinear point
transformation itself is given by the process specified in ISO/IEC 18477-3:2015, Annex C. It requires
four additional parameters, the input range Ry, Re and the output range R¢, Rr. The two values shall be
given as follows:

RW:P+Rr Re O

Re=1 Re=0

where P is the precision of the residual image frame and R, the number of residual refinement scans,

take

n from the Refinement Specification box.
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The type of this box shall be 0x50505453, ASCII encoding of “PPTS”. The box structure and layout
does not deviate from that in ISO/IEC 18477-3:2015, Annex B, neither apply any restrictions to
parameters of the box.

B.10 Base Transformation box
This box defines the linear transformation between the output of the base entropy decoding process

and the input of the base image nonlinear point transformation. It defines the transformation in step
B3 of the decoding process specified in Annex A. The box structure and layout is already defined in

ISO/IEC 18477-3:2015

There shall |
box shall onl
is larger tha

If the box do
to 1. If the |
in step B3

ISO/IEC 184
ccvalue is e
Details on th

The linear t
shift parame

R

S

:8—

where Ry, is

, Annex B, though its purpose is refined here. Its definition is intentionally

identical to thetaivenindSOAEC18477.6:2016 AnnexB-

be at most, one Base Transformation box as subbox of the Merging Specification.box
y exist if the number of components Nf is equal to 3, and it shall exist if the output bit
h 8, i.e. the Ry parameter of the Output Conversion box is nonzero.

es not exist, the inverse decorrelation transformation is the identity proecess if Nf is
ox does not exist and the number of components is equal to 3, thebase transform
of Annex A is defined by the Component Decorrelation Control Marker specifi
/7-1:2015, Annex B, that is, it is the ICT if the Decorrelation Control Marker is absent
ual to 1, it is the identity if the Decorrelation Control Marker ‘exists and its cc valug
e selection of the Base Transformation are specified in ISOHEC 18477-6:2016, Table (

ransformations specified in ISO/IEC 18477-6:2016, Annex C requires an additional
ter Rs. The value of R for the Base transformation-shall be given as follows

LR, —1

the number of refinement scans contairied in the base decoding path. The value of

This
lepth

equal
ation
bd in
or its
e is 0.
.

level

Ry is

found in the
Specificatior

Refinement Specification box of the Merging Parameter box. It shall be 0 if no Refingment

box is present.
The type of {he Base Transformation box shall be 0x4C545246, ASCII encoding of “LTRF".

Table B.3 copstraints the parameters-ofithe Base Transformation box based on the parameters lisfed in

ISO/IEC 184}7-3:2015, Annex B.

Table B.4 — Parameter constraints for the Base Transformation box

Parametef Constraints within this Meanin
part of ISO/IEC 18477 g
Defines the linear transformation to
Xt 1,2 or5..15 be used as Base Transformation, see
Table B.6 for the encoding of this field.
Re 0 Shall be 0.

B.11 Residual Transformation box

This box defines the linear transformation between the output of the nonlinear point transformation in
the residual decoding path and the addition of the residual to the output of the Colour Transformation
in the base decoding path. It defines the linear transformation in step B8 of the decoding process
specified in Annex A. The box structure and layout is already defined in ISO/IEC 18477-3:2015,
Annex B, though its purpose is refined here. Its definition is intentionally identical to that given in
ISO/IEC 18477-6:2016, Annex B.
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This box shall only exist as a subbox of the Merging Specification box specified in ISO/IEC 18477-3:2015,
Annex B. It shall not appear top level. This box shall exist if and only if a Residual Data Box is present at
the top level of the file and the number of components Nf equals 3.

The linear transformations specified in Annex C require an additional level shift parameter Rs. The
value of R for the residual transformation shall be given as follows

R,=8+R, —1

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

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

Tabld B.5 constraints the parameters of the Residual Transformation box fromr the generic Linear
Trangformation Specification box defined in ISO/IEC 18477-3.

Table B.5 — Parameter Constraints for the Residual Transformation box

Constraints with-

Parameter | in this partof ISO/ Meaning
IEC 18477
Defines the linéar transformation to be used
Xt 1,2 or5..15 as ResidudlTransformation, see Table B.6
for the encoding.
Re 0 Shall be 0.

Tlable B.6 — Encoding of the Xt parameters-of the Base and Residual Transformation box

Value Transformation to be used
0 Reserved forJTU | ISO/IEC purposes.
1 The idenfity transformation shall be used.
2 ThedCT Transformation as specified in ISO/IEC 18477-6:2016,

Annex C shall be used.
Reserved for ITU | ISO/IEC purposes.
4 Reserved for ITU | ISO/IEC purposes.

The free form transformation (with offset shift) defined by the
Integer or Floating Point Linear Transformation box whose M
value matches the value of Xt shall be used.

5..15 The Integer or Floating Point Linear Transformation boxes are
specified in ISO/IEC 18477-3:2015, B.2 and B.3 and their
application and implementation are specified in ISO/
TEC18477-6:2016, Aninex C.

B.12 Colour Transformation box

This box defines the linear transformation between the output of the nonlinear point transformation
in the base domain and the addition of the inversely decorrelated transformed residual. It defines the
linear transformation in step B4a of the decoding process specified in Annex A. The box structure and
layout is already defined in ISO/IEC 18477-3:2015, Annex B, though its purpose is refined here. The
box is intentionally identical to the Colour Transformation box of ISO/IEC 18477-6, its definition is
repeated here.

This box shall only exist as a subbox of the Merging Specification box specified in ISO/IEC 18477-3:2015,
Annex B and it may only exist if the number of components in the image Nf equals 3. It shall not appear top
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level. If this box does not exist, the Colour Transformation shall be the identity transformation; otherwise

the Xt parameter of the Colour Transformation box specifies the transformation matrix to pick.

The linear transformations specified in ISO/IEC 18477-6:2016, Annex C require an additional level shift
parameter Rg. The value of Rg for the colour transformation shall be given as

Rg= -0 (i.e. no level shift)

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

Table B.7 constraints the parameters from that defined in ISO/IEC 18477-3.

Table B.7 — Parameter Constraints for the Colour Transformation box

Constraints within this

Parameter | . i of1SO/IEC 18477 Meaning
Defines the linear transformation to
Xt 1or5..15 be used as Base Transformationysee
Table B.8 for the encoding.
Re 0 Shall be 0.

Thble B.8 — Encoding of the Xt parameter of the Colour Transformation box

Value Transformation to be-used
0 Reserved for ITU | ISO/IEC purposes:-
1 The identity transformation shall ke used.
2.4 Reserved for ITU | ISO/IEC purposes.
The free form transformagion (without offset shift) defined by
the Integer or Floating Point Linear Transformation box whose M
value matches the value'of Xt shall be used.
5.15

The Integer or Floating Point Linear Transformation boxes are
specified in I[SQ/EC 18477-3:2015, B.2 and B.3 and their applica-
tion and implementation are specified in ISO/IEC 18477-6:2016,
Annex C.

B.13 Resid

This box de
transformat
defines thel
the values Q)
layout is alre

ual Colour Transformation box

fines an additional linear transformation between the output of the nonlinear
on in the base’domain and the addition of the inversely decorrelated transformed resid
near transformation in step B8c of the decoding process specified in Annex A and com
fronsthe Ti. If this box is not present, the ; shall be identical to T;. The box structure and
ady defined in ISO/IEC 18477-3:2015, Annex B, though its purpose is refined here.

point

al. It
Eutes

This box sha

l only exist as a subbox of the Merging Specification box specified in ISO/IEC 18477-3:2015,
Annex B and it may only exist if the number of components in the image Nf equals 3. It shall not
appear top level. If this box does not exist, the Residual Colour Transformation shall be the identity
transformation; otherwise, the Xt parameter of the Residual Colour Transformation box specifies the
transformation matrix to pick.

The linear transformations specified in Annex C require an additional level shift parameter Rs. The
value of Rg for the residual colour transformation shall be given as

Rg=-o0 (i.e no level shift)

The type of this box shall be 0x44545246, ASCII encoding of “DTRF”.

Table B.9 constraints the parameters of this box from the generic box definition in ISO/IEC 18477-3.
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Table B.9 — Parameter constraints of the Residual Colour Transformation box

Constraints within this
Parameter Recommendation | Meaning
International Standard

Defines the linear transformation to

on box

B.14

This
the 1
into

trang
one H

Xt 1,5..15 be used as Base Transformation, see
Table B.10 for the encoding.
DRe 0 Shall be 0.
Table B.10 — Fnrnding ofthe Xt parameter ofthe Residual Colour Transformati
Value Transformation to be used
0 Reserved for ITU | ISO/IEC purposes.
1 The identity transformation shall be used.
2.4 Reserved for ITU | ISO/IEC purposes.

The free form transformation (without offset shift) defined by
the Integer or Floating Point Linear Transformation box whose M
value matches the value of Xt shall be used:

5.15 The Integer or Floating Point Linear Transformation boxes are
specified in ISO/IEC 18477-3:2015,.B:5-and B.6 and their
application and implementation are'specified in ISO/

IEC 18477-6:2016, Annex C.

Prescaling Transformation box

box defines the linear transformatigu~that computes from the linear precurs
iminance. This luminance is mapped by the Prescaling Nonlinear Point Transfo
h prescaling factor v applied to thie ‘chroma components of the residual image. It
formation in step B3a of the decoding process specified in Annex A. There shall
ase Transformation box as subbox of the Merging Specification box. This box shal

only
Speci
Anne

Ifthe

Nfis
only)

LDR dlata is defined in Annex A.

Thel

f the number of components:Nf is equal to 3 and the Prescaling Nonlinear Point Tra
ication box exists. The-box structure and layout is already defined in ISO/IEC 1
B, though its purpose isrefined here.

prescaling Nonliniear Point-Transformation Specification box exists and the number of]
bqual to 1, the input to the prescaling nonlinear point transformation is taken from t
component«fithe base image. The details of the merging process of residual /refinemsg

paraxlneter Rs. The value of Rg for the prescaling transformation shall be given as

neap-transformations specified in ISO/IEC 18477-6:2016, Annex C require an additioy

r image ®;j
rmation box
defines the
be, at most,
exist if and
nsformation
B477-3:2015,

components
he first (and
nt data with

1al level shift

R,=8+R, —1

where Ry, is the number of refinement scans contained in the base decoding path. The value of Ry, is
found in the Refinement Specification box of the Merging Parameter box. It shall be 0 if no Refinement

Speci

fication box is present.

The type of the Prescaling Transformation box shall be 0x53545246, ASCII encoding of “STRF”.

Table B.11 constraints the parameters of the Residual Transformation box from the generic Linear
Transformation Specification box defined in ISO/IEC 18477-3:2015, Table B specifies the encoding of
the Xt parameter of the box.
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Table B.11 — Parameter Constraints for the Prescaling Transformation box

Parameter Constraints within this Meanin
part of ISO/IEC 18477 g
Defines the linear transformation to be
Xt 2,5.15 used as Prescaling Transformation, see
Table B.12 for the encoding.
Re 0 Shall be 0.

Table B.12 — Encoding of the Xt parameter of the Prescaling Transformation

Value Transformation to be used
0..1 Reserved for ITU ISO/IEC purposes.
2 The forwards ICT Transformation as specified in Annex C shall be
used.
3.4 Reserved for ITU ISO/IEC purposes.

The free form transformation with offset shift defined by-the
Integer or Floating Point Linear Transformation box whose M
value matches the value of Xt shall be used.

5.15 The Integer or Floating Point Linear Transformation boxes are
specified in ISO/IEC 18477-3:2015, B.2 and B.3’and their
application and implementation are specified in ISO/

IEC 18477-6:2016, Annex C.
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Annex C
(normative)

Multi-component decorrelation

General

hire defining an output that alternative implementations shall duplicate.

hal and colour transformations of the decoding process. This Annex is'\by itself an
EC 18477-6:2016, Annex C as it defines one additional transformatiomthat may be se

in ISO/IEC 18477-6:2016, Annex C.

ates from them one or three output components. A task-dependent level shift by a

s of Rs that are applicable to the transformations are, specified in B.10 to B.13.

Decorrelation
Transformation

Level shift

ure C.1 — Input and output of a decorrelation transformation: Input componen
components and the DC level shift.

Irreversible forward multiple component transformation (forward

s Annex and all of its subclauses, the flow charts and tables are normative only inthe sense that

Annex defines the Multiple Component Decorrelation Transformations: availalle as base,

extension of
ected by the

aling Transformation box. Additional transforms also applicable in this part of ISO/IEC 18477 are

lItiple Component Decorrelation Transformation takes ofie\or three input components, and

value of 2Rs

es that chroma components are correctly centered and representable by unsigned values. The

ks, output

ICT)

(nor

mative)

This transformation is used to decorrelate the low dynamic range versions of the image before encoding
the components by a Rec. ITU-T T.81 | ISO/IEC 10918-1 conforming encoder. It is identical to the forward
ICT defined in ISO/IEC 18477-1. Let Lo to Ly be the input pixel values, and Rg the number of level shift

scale

Iy

[

bits, then the output I to I shall be computed as

=29900x L, +0,58700xL; +0,11400x L,

=-0,1687358916 x L, + 03312641084 xL; +05xL, + 2Rs

1=

© ISO/IEC 2016 - All rights reserved
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I, =05L, —0,4186876892x L, —0,08131241085x L., + 2~

NOTE This transformation is intentionally identical to the forward ICT in ISO/IEC 18477-6. However, while
only informative in ISO/IEC 18477-6, it is normative here. Note further that outputs I; and I are not required for
processing the Prescaling Transformation and their computation may be skipped.
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ISO/IEC 18477
Annex D
(normative)

Half-exponential output transformation

General

-7:2016(E)

In th
they

This |
Itiss
This

in B.2

If thi
the n

floating point by the procedure specified in D.2.

D.2
This

compression performance for floating point sample values. This output transformatior

when
map

The Y
T

T
B

For n

NOTE
piecey
negat

s Annex and all of its subclauses, the flow charts and tables are normative only jn¢tk
hire defining an output that alternative implementations shall duplicate.

Annex defines an output conversion that transforms integer sample valuesito floating

plected as final step for generating output sample values from the sum of\base and res

Fype of output conversion is applied whenever the Oc flag of the Output‘Conversion
issetto 1.

b output conversion is set, the (potential) floating point outpufof the merging step i
parest integer, and then clamped to the range [-0x7bff,0x7bff]. This integer is then

Half-exponential output conversion (normative)

Annex defines an optional output transformation denoted by Wexp that may help to

ever the Oc parameter of the Ouput Conyépsion box is 1, see B.2 for details on this b
mplements a half-exponential map that'converts its integer input to a floating point o

Vexp map is defined for non-negativé’inputs (x = 0) by the following steps.
he integer input x shall be reptresented in a 16-bit binary representation.

he resulting bit-patterp-shall be re-interpreted as an ISO/IEC/IEEE 60559 (IEEE 7
oint number. This floating point number is the final output of the output transformat

pgative inputs (x €0), the output of Wexp is defined as Wexp(x) := - Pexp(-x-1).

It can be'seen that this re-interpretation of bit-patterns on non-negative integers is e
vise linearzapproximation of the exponential function f(x) » (2y-15) with y = x x 2-10, The
ve numherns-ensures that Wexp(-1) maps to the binary representation of the floating point nu

1e sense that

point values.
idual image.
ox specified

5 rounded to
ronverted to

improve the
is effective

x. The Wexp

utput.

(54) floating
on.

quivalent to a
definition for
mber -0.
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E.1 Gene

This Annex
ISO/IEC 184
specified in
image as the

that is comp

lossy to loss
codestream.

Profiles are
ISO/IEC 184
to impleme
procedure
outputis eq

:&‘at bypasses some of the intermediate results specified\in Annex A provided that itg

Annex E
(normative)

Profiles

ral

defines four profiles that limit the choices of coding parameters offered by this\p
/7. Profile A implements a decoding algorithm that is identical to the decoding.algo
[SO/IEC 18477-2. Profile B specifies a decoding algorithm that computes the HDR o
quotient of the base image and the residual image. Profile C defines a simple additive p
atible to the lossless HDR image coding specified in ISO/IEC 18477-8 dnd allows sc:
ess coding. Profile D implements a minimal HDR decoder that does fiet require a res
Coding performance of the profiles may differ, and will also depend on the input imag

ndicated by an additional entry in the Compatibility List of the‘File Type box, specif
77-3:2015, Annex B. A decoder claiming performance to one of the profiles does not
any mechanism that is not included in the profile, and itTmay use an optimized dec

ivalent to that of the hypothetical reference decodel:

hrt of
Fithm
utput
rofile
hlable
idual
e.

ed in
need
bding
final

E.2 Profile A
Figure E.1 glives a high-level overview of this profile.dt is, with appropriate choices of parametgrs, a
specializatign of the decoding procedure described in Annex A. The profile indicator of this profile, i.e.
the entry CL|in the compatibility list of the File.Type box shall be 0x78726464, ASCII encoding for “krdd”
T.81[10918-1 Veber
Ddcoder - Chroma - to -
”| Upsampling i ”
Bas¢ Image RGB 4
B1 B2 B3 Legacy
Decoder
RGB. 1
Base
Mapping
Color sz.lce Linear Pre RGB > Add > Mult >
Conversion
: B9 B10|
Luminance
& Noise floor g0 4
"""""""":}f,ﬁ?ﬁi‘nance N .
Linear Residue N
RGB ; R T v
Cb
T.8110918-1 "b‘g Lumscale L CbCr Luminance
Decoder o | Chroma r-‘b{ Crmap F éo
”| Upsampling — RGB 2 o
Residual Data "lP| ¥ map H Linearize
B5 B6 B7

Figure E.1 — High level overview of the decoding process of a Profile A compliant decoder

The followin

— Theresi

32

g constraints apply to a profile A compliant decoder.

dual image bit precision P shall be constrained to 8.
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— The Refinement Specification box (see ISO/IEC 18477-6:2016, Annex D) shall be absent. This
implies that no refinement scans are present and no Refinement Data or Residual Refinement
boxes are present.

— The Xt value of the Base Transformation box shall be 2. That is, the base transformation shall be the
ICT.

— The Base Nonlinear Point Transformation box shall select identical transformations for all
components. Specifically, the transformation shall be defined by either a Parametric Curve box with
a curve type t = 4 (gamma mapping) or a Floating Point Table Lookup box. If the Parametric Curve
box is selected, it is constrained to the following parameters:

d=1 P1=0,04045 P2=2,4 P3=0,055

This selects the in IEC 61966-2 (sRGB) nonlinearity and maps sRGB gamma corrected samples into
linear gamma space.

Q

OTE The entries of the Floating Point Lookup Table box have to be rescdled compared [to the entries
bund in the bga tag of ISO/IEC 18477-2. The former have a nominal range of {0,653 55] while the latter have
range of [0,1]. Thus, entries of the bga tag have to be multiplied by 655 35'‘before using them as entries in
he Floating Point Table Lookup Table box referenced by the Base Nonlinear Point Transformation box.

L =h =

=z

o secondary base transformation box shall be present.

— The Colour Transformation box shall be either absent, ar shall have a Xt value of 1 of larger than
4, i.e. select either the identity transformation or,a‘free-form transformation. THe free form
ransformation shall point to a Floating Point Linear\Transformation box.

—

— The Prescaling Transformation box shall be present if and only if the number of compdnents is 3.

— The Prescaling Nonlinear Point Transformatjon boxes shall be present and shall select f Parametric
urve box of curve type t =5 (linear ramp): Parameters shall be selected as follows

(an)

=1 P1 = noise floor value Py = noise floor value + 1

D

his choice of parameters ensutes that the prescaling value v is computed as v = L + Nf, where L is
he luminance of the base imidge and Nf is the noise floor value specified in ISO/IEC 18477-2. Ry is
ere always 16.

oo il s |

|
_

he Residual Nonlinear Point Transformation Specification box shall refer to Pararpetric Curve
Hoxes with box types't = 5 (linear ramp). The parameters shall be selected as follows:

q=0 P1=Py=1/2 for component 0 (residual luminance]
d=1 Pq=cb0+1/2 Pp=cbl+1/2 for component 1 (blue-yellow)

d=1 Pi=cr0+1/2 Pp=crl+1/2 for component 2 (red-green)

'Il‘no chaica nf nﬂvqmnfnwc imnlamaontce tha cama cnf\hng as 1n ICO/!EC 1Q/17'7 2 and L} dS a relatlve

T T oTC e O P ot C T e T O I Pre T C T Tt e OOt C O CT T It

offset of 2Rt-1, This offset is then again subtracted by the Residual Transformation chroma offset.
The choice P1 = P2 = 1/2 for component 0 creates an offset shift of 2Rb+8-1 in the output that is
compensated by offset included when merging the residual and base image as indicated in Annex A.
According to Annex B, Ry, =8 and R¢= 16

— The Residual Transformation box shall exist if and only if Nf = 3. It shall signal an Xt value of 2 or
larger than 4, selecting either the ICT or a free form decorrelation transformation.

— The Intermediate Residual Nonlinear Point Transformation box and the Residual Colour
Transformation box shall not be present.

© ISO/IEC 2016 - All rights reserved 33


https://iecnorm.com/api/?name=1054bf58c675eb0d99c513b8f4889d9e

ISO/IEC 18477-7:2016(E)

The Postscaling Nonlinear Transformation box shall be present and shall either point to a Parametric
Curve box of curve type t = 6 (exponential) or to a Floating Point Lookup box. In the former case,

parameters shall be selected as follows:

e=1

P1=1In0 P2 =Inl P3=1 P4=0

This choice of parameters scales the residual luma value according to the exponential map as in

ISO/IEC

18477-2. According to Annex B, Ry, = 8 in the above formula.

decorrelated prediction errors (; are identical to the final error residuals Q;.

The Secondary Base Nonlinear Point Transformation box shall not be present and inversely

The Sec
decorre

The Out
an outp
identica

e=1
This cho

Suggestions
from ISO/IE

E.3 Profi

Profile B in

Figure E2 g
CL;j in the co

Profile B deq
has to be re
level. That i
is either an

This codesty
The residual
HDR image ¢

bndary Residual Nonlinear Point Transtormation box shall not be present and 1nve
ated prediction errors (); are identical to the final error residuals Q;.

put Conversion box shall have the flag values Ol = 1, Oc = 0 and Ce = 0 indicating
It conversion is active. The toj values of the Output Conversion box shall-point to

rsely

r that
three

or one Parametric Curve box of curve type t = 5. This Parametric Curye\box shall contain
the following parameters:

P1=0 P, = 1/(28+Rb-1)
ice of the output conversion scales the output from the nominalyange of 2Rb+8 to a unit 1

on how to compute the parameters from an LDR, HDR image pair instead of the param
[ 18477-2 can be found in Annex F.

le B

plements a simpler HDR decoding process than profile A requiring less scaling
ves a high-level overview on this profile; The profile indicator of this profile, i.e. the
mpatibility list of the File Type box, shall be 0x78727864, ASCII encoding for “xrxd”.

ange.

eters

Steps.
entry

omposes an HDR image into a base layer and an HDR residual layer. The LDR input image

presented in a linear space, (ho’ gamma correction) or should be linearized at enc
, sample values have to have sample values proportional to physical luminance. The
bxposed and clamped of a~tone mapped version of the original floating point HDR i1
eam will be the backwards compatible part and will be accessible by all legacy decq
image contains the-fractional part of the tone mapped LDR image divided by the or
arried out channel by channel in RGB space, and converted to YCrCb. The residual d

also encoded with an Ree, I'PU-T T.81 | ISO/IEC 10918-1 encoder using only the baseline or extq

Huffman or
header shall

progressive 8 bit modes, and the Number of Components signaled in the residual f
be identical to the number of components in the base image.

JPEG XT co

pliant'decoders will combine the two as described below to recover the HDR imagsg.

details of this\derging process are outlined below.

bding
base
mage.
ders.
ginal
ata is
nded
rame

The

Figure E.2 illustrates the functionality of a profile B decoder.
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Base Image
T.8110918-1 Decoder Chroma [  YCrCh (M m m s oo e m mom - mm e e e .. e e ... - ... m ... --
Base Image Upsampling
B1 B2
Range
Mapping
HDR Image
Inv
Matrix EXposure
B14

Linear Res. RGH

Range
Mapping

B9

T.8110918-1 Decoder
Residual Image

B6

Scaling

Figure E.2 — High level overview of the.decoding process of a profile B compliant

The fpllowing constraints apply to a profile B compliant decoder.
— The residual image bit precigion P shall be constrained to 8.

— The number of components of the residual image in the Residual Code Stream box shal
b the number of components in the legacy codestream.

(s

he Refinement-Specification box (see ISO/IEC 18477-3:2015, Annex D) shall be
mplies that no refinement scans are present and no Refinement Data or Residual
oxes are ppesent.

he Merging Specification boxes. Parametric Curve boxes and Floating Point Transforry

decoder

be identical

hbsent. This
Refinement

subboxes of
nation boxes

T
i
b
— All Paranietric Curve boxes and Floating Point Transformation boxes shall appear as
t
S

hallhot appear at top-level of the file.

— ThePrescalingNonlinear Point Transformationboxand the PostscalingNonlinear Point Transformation
box shall be absent. That is, the prescaling factor v and the postscaling factor p shall both be 1.

— The Xt value of the Base Transformation box shall be either 2 or larger than 4. That is, the base

transformation shall either be the ICT or a free-form transformation.

— The Base Nonlinear Point transformation box shall point to a single Floating Point Lookup box or
three identical or a single Parametric curve box selecting a curve type of t = 4. Parameters for the

Parametric curve box are constrained as follows:
e=1 P1=P3=0 Py =1ldr_gamma, or

e=1 P1=0,040 45, P=2.4, P3=0,055

© ISO/IEC 2016 - All rights reserved
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This selects an inverse gamma correction without knee value or sSRGB nonlinearity

— The Colour Transformation box shall either be absent or specify a free-form transformation. The
free form transformation shall be defined by a Floating Point Linear Transformation box.

— The Secondary Base Nonlinear Point Transformation box shall point to three identical or one
Parametric Curve box selecting a parametric curve of curve type t = 7. The parameters of this map
shall be as follows.

e=1 P1=1 Pp=1 P3=¢ Ps4=0

This selects a logarithmic map. Parameter P3 adds a small offset that avoids taking the logarithm of
zero. A quggested value of € 1s 10-7.

— The Res]dual Nonlinear Point transformation box shall be absent.

— The Res]dual Transformation box shall either select a free-form transformation or;have an Xt value
of 1 indifating the ICT.

— The Intdrmediate Residual Transformation box shall point to one or three Parametric Curve boxes
of type § = 8. The parameter shall be constraint as follows.

e=1 P1=min P2 = max P3 = hdr_gamnia

This selection of parameters first applies an inverse gamma correction of the residual image
with the exponent hdr gamma and then scales the outpuf)‘including the output scaling of
ISO/IEC[18477-3:2015, Annex C, to the range [min x (2Rb+8 _1), max x (2Rb+8 - 1)]. If the paranjeters
differ b¢tween components, three boxes need to be written; otherwise, a single box is sufffjcient
which isused by all components consistently.

— The Resjdual Colour Transformation box shall be present if and only if the Colour Transformjation
box is pijesent. If it is present, its DXt parametershall be identical to the DXt parameter of the Qolour
Transfofmation box, i.e. both boxes shall refer.to the same Floating-point Linear Transformation box.

— The Secpndary Residual Nonlinear Point Transformation box shall point to three identical dr one
Parametric curve box selecting a parametric curve of curve type t = 7. The parameters of thi§ map
shall be s follows:

e=1 P1=-1,0 P, =10 P3=¢ P4=32768/655 35

The neghtive sign of P1 computes the negative logarithm instead of the positive logarithm. P{ then
scales the output of thé Réesidual Transformation box to [0,1]. P3 avoids a pole by normalizing the
output, f suggested.value for € is 10-7. P4 corrects for the subtraction of the neutral value 2$+Rb-1
present jn step B9%efthe decoding procedure described in Annex A.

— The Output Conversion box shall signal the flag values Oc = 0 Ce = 0 Ol = 1. This enables the seldction
of an oufput nonlinearity. The to; values of the Output Conversion box shall point to three ideptical

or one Pardmetric Curve box of curve type t = 6. This Parametric Curve box shall contaiin the

following parameters:

e=1 P1=0 Py = 1/(2Rb+8-1) P3 = exposure-value Ps=0
The exposure value denotes here the choice of an exposure for the reconstructed image.
NOTE The parameter constraints of the Secondary Base, Intermediate and Residual Nonlinear Point

Transformation box and the selection of the Output Conversion enforces that the merging process between
the LDR base image and the residual image is given by the following formula:

expval x exp (;1 X (Hi +Q, - 2Rb+871)) = expval x exp (log (CIDi/(ZRbJr8 - 1)) —log Q/(ZRb+871) + s) 4 2R0#8-1_ oROHE-1 _ oypval x (pi/(wi + g)

with wi= Q;/(2Rb+8-1) the residual and ¢j= ®;/(2Rb+8-1) the base image sample values scaled to
[0,1]. The value of p is here always 1 due to the absence of the postscaling transformation.
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A decoder conforming to profile B does not need to implement the logarithmic and exponential map
of the Secondary Base and Residual Nonlinear Point Transformation and the Output Transformation,
but may instead apply the right hand side of the above formula directly without going through all the
intermediate steps. This will not only lower the algorithmic complexity, but also improve the accuracy
of the algorithm. Furthermore, note that the output of the Secondary Base/Residual Nonlinear Point
transformation box is scaled by the algorithm specified in ISO/IEC 18477-3:2015, Annex C by a factor of
2Rb +8 — 1 which is again removed by the input scaling of the Output Conversion box. That is, practical
implementations may want to skip the output scaling of the Secondary Nonlinear Transformations
and the input scaling of the Output Conversion box. Output scaling by the algorithm of Annex C in the
Output Conversion box is also un-done by the choice of P3 of the Parametric Curve box referenced by
the Output Conversion box.

With|these simplifications in place, decoding consists of the following steps.

cale the output of the LDR reconstruction process O; from step B3 to the range [0,1] jaccording to
IFO/IEC 18477-3:2015, Annex C. In Figure E.2, this step is performed in step B4.

erform the pointwise nonlinearity transformation in step B4. This is part of the noplinear point
transformation; the outputs are the predicted high dynamic range sample values J;. In profile B, the
onlinearity is either given by a lookup table, a SRGB-type of nonlinearity or a power [aw with the
ponent taken from parameter Py of the Parametric Curve boxpointed to by Base Noplinear Point
ransformation box.

ince the chroma scaling factor v is always 1 in profile' B and the Residual Norlinear Point
ransformation is always the identity, the values Il; dre identical to the reconstrudted residual
spmple values Pj scaled to the range [0,2Rb-1].

step B8, a YCbCr to RGB transformation (I€T)"is applied to the reconstructed resjdual data P;
y applying a 3 x 3 matrix transformation and a level shift, generating the output ;. Due to the
sence of a pre-scaling, the factor v is 1 ard II; equals P;.

ep B9 scales the values W; input to [0;1]. This step is implicit in the input and output 4caling of the
econdary Residual Nonlinear Pgint Transformation and Intermediate Residudal Nonlinear
oint Transformation, and is specified in ISO/IEC 18477-3:2015, Annex C.

]

h step B10, an inverse gamina correction is applied to the residual sample values ¥; giving the
amma-corrected decorrelated samples Tj. This operation is implemented by the Intermediate
onlinear Point Transformation. The exponent comes from the P3 value of the parametric Curve
ox pointed to by the'Intermediate Nonlinear Point Transformation Specification box, the output
caling from the parameter P and P;. The exponent is signaled as value P3 in the Parametric Curve
ox referenced by’the Intermediate Nonlinear Point Transformation box.

o Wwn oo P ag —

]

h step B11;the output of the inverse gamma mapping is scaled to the range [min, max] by multiplying
he gamma-corrected values with (min-max) and adding an offset shift min. The operation|is performed

long with the inverse gamma correction in step B10 by the Parametric Curve box. Th¢ parameters
indand max are signaled as parameters P and Py of the Parametric Curve box sighaled by the
I i i T i to a different

Parametric Curve box, thus exponent values and min/max values may differ between components.

—

— Instep B12, a 3 x 3 matrix implementing a colour transformation is applied to the sample values T;j
generating the values Q;. This transformation is defined by the Residual Colour Transformation box
if it is present. If this box is not present, ) is identical to T;.

— Instep B4, a 3 x 3 matrix implementing a colour transformation is applied to the base image sample
values J; generating the values @;. This transformation is defined by the Colour Transformation box
if it is present. If it is not present, ®; is identical to J;.

— In steps B13 and B14, the residual and base image are merged by a division operation, that is, the
output values are computed as expval x (pi/<a)i + g) where ¢j and wj are scaled versions of ®; and

Q;. Note that this scaling and division process is implicitly signaled in the Merging Specification box
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by defining logarithmic nonlinear point transformations as Secondary Base Nonlinear
Transformation and Secondary Residual Nonlinear Transformation and an output transformation
that defines an exponential map. The value of expval comes from parameter P3 of the Parametric
Curve box referenced by the Output Conversion box.

E.4 Profile C

Profile C implements a HDR decoding process that is only a minor modification of the intermediate
range compression specified in ISO/IEC 18477-6. Profile C decoders can be entirely implemented in
integer logic and do not require floatlng pomt operations. Flgure E.3 glves a hlgh -level overv1ew on this

profile. The p

e box

shall be 0x78 726164, ASCII encodlng for xrad".
Bas€'l
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The followinlg constraints apply to a profile C compliant decoder.

38

T.81 10918-1 Degoder

Figure E|3 — High level overview of the decoding process of a profile C compliant decod
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The nunmber of components of the residual image in the Residual Code Stream box shall be ideptical
to the nimber ofedmponents in the legacy codestream.

ThePregcalingNonlinear PointTransformationboxand the PostscalingNonlinear Point Transfornjation
box shal| be’absent. That is, the prescaling factor v and the postscaling factor p shall both be 1.

The Base Transformation box may be present and if so shall either select the Identity, the ICT or the
free form transformation. In the latter case, Xt shall select an Integer Linear Transformation box.

The Base Nonlinear Point Transformation box may be present and if so, shall select only Integer
Lookup Table boxes.

The Colour Transformation box may be present and if so, shall select an Integer Linear
Transformation box.

The Residual Nonlinear Point Transformation boxes may be present, but if so, may only reference a
Parametric Curve box witht=2and e = 0. That s, simple linear scaling is applied to the reconstructed
residual sample values.
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