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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 document specifies a coded codestream format for storage of continuous-tone high and low
dynamic range photographic content. JPEG XT part 8 is a scalable lossy to lossless image coding system
supporting multiple component images consisting of integer samples between 8- and 16-bit resolution,
or floating point samples of 16-bit resolution. It is by itself an extension of ISO/IEC 18477-6 and
ISO/IEC 18477-7, which specify intermediate range and high-dynamic range image decoding algorithms.
Both of these are based on the box-based file format specified in ISO/IEC 18477-3, which is again an
extension of ISO/IEC 18477-1; 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 lossy, low dynamic range,

8 b | - £l H
lt Pl S4dlIPIT VTT STULTT UT LT THITAd 5T

Today, the most widely used digital photography format, a minimal implementationcof }P1
in Rejc. ITU-T T.81 | ISO/IEC 10918-1), uses a bit depth of 8; each of the three channels {
compose an image pixel is represented by 8 bits, providing 256 representablg-values
For more demanding applications, it is not uncommon to use a bit depth”of 16, provi
reprgsentable values to describe each channel within a pixel, resulting in eyer 2.8 x 1014 r
coloyr values. In some less common scenarios, even greater bit depths are’used, requirin
point{sample representation.

Most|common photo and image formats use an 8-bit or 16-bit unsighed integer value to ref
functiion of the intensity of each colour channel. While it might)be theoretically possiblé
one 1hethod for assigning specific numerical values to reakworld colours, doing so is 1
Sincelany specific device has its own limited range for colour’reproduction, the device’s ra
small portion of the agreed-upon universal colour rangéyAs a result, such an approach is ¢
inefficient use of the available numerical values, eSpecially when using only 8 bits (on
valugs) per channel. To represent pixel values as efficiently as possible, devices use a numg
optinpized for their own range of possible colours'er gamut.

This
with

part of JPEG XT is primarily designed to encode intermediate or high dynamic image s
put loss, or with a precisely controllable bounded loss using the tools defined in IS(C
1 and some minimal extensions of these tools. The goal is to provide a backwards comp
specification that allows legacy applications and existing toolchains to continue to
codegtreams conforming to this document.

JPEG
havin
| ISO
stora
bit in
imple

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
[EC 10918-1 to extend the functionality of the legacy JPEG Coding System. It is o

teger or 16-hit-floating point images while also enabling low-complexity encoder
mentatioxs.

This document is an extension of ISO/IEC 18477-1, a compression system for continuous
still images which is backwards compatible with Rec. ITU-T T.81 | ISO/IEC 10918-1. Tk

G (specified
hat together
per channel.
ding 65 536
bpresentable
g a floating-

resent some
to agree on
ot practical.
nge may be a
In extremely
256 unique
ric encoding

hmple values
/1IEC 18477-
itible coding
operate on

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

ge and transmjssion of intermediate and high dynamic range and wide colour gamut 8- to 16-

and decoder

tone digital
at is, legacy

appligations conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 will be able to reconsti

uct streams

generated by an encoder conforming to this document, though will possibly not be able to reconstruct
such streams in full dynamic range, full quality or without loss.

This document is itself based on ISO/IEC 18477-3 that defines a box-based file format similar to
other JPEG standards. It also contains elements of ISO/IEC 18477-6 and ISO/IEC 18477-7. The aim
of this document is to provide a migration path for legacy applications to support lossless coding of
intermediate and high dynamic range images, that is images that are either represented by sample
values requiring 8- to 16-bit precision, or even using 16-bit floating point sample resolution. While Rec.
ITU-T T.81 | ISO/IEC 10918-1 already defines a lossless mode for integer samples, images encoded in
this mode cannot be decoded by applications only supporting the lossy 8-bit-mode; the coding engine
for lossless coding in Rec. ITU-T T.81 | ISO/IEC 10918-1 is completely different from the lossy coding
mode. Unlike the legacy standard, this document defines a lossless scalable coding engine supporting
all bit depths between 8 and 16 bits per sample, including 16-bit floating point samples, while also
staying compatible with legacy applications. Such applications will continue to work, but will only able

© ISO/IEC 2016 - All rights reserved v


https://iecnorm.com/api/?name=b867d210d498f6a15b9db448c606c772

ISO/IEC 18477-8:2016(E)

to reconstruct a lossy 8-bit standard low dynamic range (LDR) version of the full image contained in
the codestream. The parts of ISO/IEC 18477 specify a coded file format, referred to as JPEG XT, which is
designed primarily for storage and interchange of continuous-tone photographic content.

vi © ISO/IEC 2016 - All rights reserved
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Information technology — Scalable compression and

coding of continuous-tone still images —

Part 8:
Lossless and near-lossless coding

1 Scope

This [document specifies a coding format, referred to as JPEG XT, which is desighed {
contihuous-tone photographic content.

ormative references

The following documents are referred to in the text in such a way‘that some or all of t
consfitutes requirements of this document. For dated references) 'only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

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 18477-3:2015, Information technology — S¢alable compression and coding of continy
imaggs — Part 3: Box file format

ISO/IEC 18477-6:2016, Information technology — Scalable compression and coding of corf
still images — Part 6: IDR Integer Coding

ISO/IEC 18477-7:2016, Information teehnology — Scalable compression and coding of contin
images — Part 7: HDR Floating-Point-€oding

T.81 | ISO/IEC 10918+t lnformation technology — Digital compression and coding (
till images — Requiremeints and guidelines

BT.601,Studio_éncgoding parameters of digital television for standard 4:3 and widg
t ratios

erms, definitions, symbols and abbreviated terms

3.1 | Terms and definitions

rimarily for

heir content
applies. For
nts) applies.
ous-tone still
ous-tone still
tinuous-tone
ous-tone still

)f continuous

screen 16:9

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

3.1.1
AC coefficient
any DCT coefficient for which the frequency is not zero in at least one dimension

© ISO/IEC 2016 - All rights reserved
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3.1.2
ASCII encoding
encoding of text characters and text strings according to ISO/IEC 10646

3.1.3

base decoding path

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

3.14

base image
collection Ofcqmp]n values ogbtained hy nn‘l’rnpy r]nrnr]ing the DCT coefficients of the ]ngar‘y caodestream

and the refirlement codestream, and inversely DCT transforming them jointly

3.1.5
block
8x8 array of|samples or an 8x8 array of DCT coefficient values of one component

3.1.6
box

structured dpllection of data describing the image or the image decoding process embedded into gne or
multiple APR11 marker segments

Note 1 to entrly: See ISO/IEC 18477-3:2015, Annex B for the definition of boxes:

3.1.7
byte
group of 8 bits

3.1.8
coding
encoding or decoding

3.19
coding prodess
general reference to an encoding processy-a decoding process, or both

3.1.10
compression
reduction in|the number of bits\used to represent source image data

3.1.11
component
two-dimensjonal array of samples having the same designation in the output or display device

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

3.1.12
continuous-tone image
image whose components have more than one bit per sample

3.1.13
DC coefficient
DCT coefficient for which the frequency is zero in both dimensions

3.1.14

DCT coefficient

amplitude of a specific cosine basis function - may refer to an original DCT coefficient, to a quantized
DCT coefficient, or to a dequantized DCT coefficient

2 © ISO/IEC 2016 - All rights reserved
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3.1.15
decoder
embodiment of a decoding process

3.1.16
decoding process
process which takes as its input compressed image data and outputs a continuous-tone image

3.1.17

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

3.1.1B
discijete cosine transform
DCT
eithel the forward discrete cosine transform or the inverse discrete cosine transform

3.1.1p
downsampling
proc¢dure by which the spatial resolution of a component is reduced

3.1.2p
encofler
embddiment of an encoding process

3.1.21
encofling process
procgss which takes as its input a continuous-tone iiage and outputs compressed image dpta

3.1.2p
entr¢gpy decoder
embddiment of an entropy decoding pre¢edure

3.1.28
entr¢py decoding
losslgss procedure which recevers the sequence of symbols from the sequence of bits profluced by the
entrdpy encoder

3.1.24
entr¢py encoder
embddiment of an ‘entropy encoding procedure

3.1.2p
entrgpy encoding

lossldss/pracedure which converts a sequence of input symbols into a sequence of bits guch that the
averdge.number of bits per symbol approaches the entropy of the input symbols

3.1.26

extension image

residual image

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

[SOURCE: ISO/IEC 18477-6:2016, 3.1.54]

3.1.27

fixed point discrete cosine transformation

implementation of the discrete cosine transformation based on fixed point arithmetic following the
specifications in Annex E

© ISO/IEC 2016 - All rights reserved 3
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forward DCT bypass
transformation that takes an 8x8 sample block and prepares it for entropy coding without applying a

discrete cosi

3.1.29

ne transformation

forward fixed point DCT
transformation of an 8x8 sample block from the spatial domain to the frequency domain using the fixed
point arithmetic as specified in Annex E

3.1.30
forward int

ger DCT
=]

transformat
integer appr

3.1.31

inverse DC1
transformat
without app

3.1.32

inverse fixe
transformat
point arithm

3.1.33
inverse intq
the transfor
integer appr

3.1.34
frequency
two-dimens

[SOURCE: IS

3.1.35
high dynam
HDR
image or imz:

3.1.36
Huffman e

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

3.1.37

pximation of the discrete cosine transformation as specified in Annex E

 bypass
on that takes an 8x8 sample block as generated by entropy decoding<and level-sh
ying a discrete cosine transformation

d point DCT
on of an 8x8 sample block from the frequency domain to the'spatial domain using the
etic as specified in Annex E

ger DCT
mation of an 8x8 sample block from the frequency domain to the spatial domain usir
pximation of the discrete cosine transformadtion as specified in Annex E

onal index into the two-dimensionalarray of DCT coefficients

D/IEC 10918-1:1994, 3.1.61]

icrange

ige data compris€d)of more than eight bits per sample

oding

intermedia

l[e'dynamic range

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

3.1.38

joint photographic experts group

JPEG

informal name of the committee which created this document

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

on of an 8x8 sample block from the spatial domain to the frequency domain usidg the

fts it

fixed

g the
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3.1.39

legacy codestream

collection of markers and syntax elements defined by Rec. ITU-T T.81 | ISO/IEC 10918-1 bare any syntax
elements defined by the family ISO/IEC 18477 standards, i.e., the legacy codestream consists of the
collection of all markers except those APP11 markers that describe JPEG XT boxes by the syntax defined
in ISO/IEC 18477-3:2015, Annex A

3.1.40

legacy decoder

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

LI . PN b=
to eigmtortspercomponent

3.1.4

lossless
encodling and decoding processes and procedures in which the output of the decoding procedure(s) is
identjcal to the input to the encoding procedure(s)

3.1.4p
lossless coding
modg of operation which refers to any one of the coding processes defined in ISO/IEC 18477-8 in which
all offthe procedures are lossless

3.1.48
lossy
encodling and decoding processes which are not lossless

3.1.4¢
low-dlynamic range
LDR
image or image data comprised of data with ho more than eight bits per sample

3.1.4p
marker
two-byte code in which the first byte is hexadecimal FF and the second byte is a value between 1 and
hexaglecimal FE

3.1.4
marker segment
markler together with its associated set of parameters

3.14

nois¢ shaping
signall processing technique that removes quantization noise from the low frequency components and
injects it into the high frequency domain where it can be removed by filtering

3.1.4
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

3.1.49
point transformation
application of alocation independent global function to reconstructed sample values in the spatial domain

3.1.50
precision
number of bits allocated to a particular sample or DCT coefficient

© ISO/IEC 2016 - All rights reserved 5
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3.1.51
procedure

set of steps which accomplishes one of the tasks which comprise an encoding or decoding process

3.1.52
quantizatio

n value

integer value used in the quantization procedure

3.1.53
quantize
act of perfor

3.1.54

residual de
collection of
residual refi
the final out

3.1.55

residual im
sample valug
entropy-dec

3.1.56

residual scd
additional p
multiplicatiy
colour gamu

3.1.57

refinement
additional p
significant b

Note 1 to entr

3.1.58
sample
one element

3.1.59
sample grid
common cog

Note 1 to ent]
increases tow

3.1.60
superbox

ming the quantization procedure for a DCT coefficient

roding path

operations applied to the entropy coded data contained in the residual data’ bo:
hement scan boxes up to the point where this data is merged with the lega¢yrdata to
put image

hge
s as reconstructed by inverse quantization and inverse DCT transformation applied 1
bded coefficients described by the residual scan and residualrefinement scans

n

ass over the image data invisible to legacy decdders which provides additive a
e correction data of the legacy scans to allow repreduction of high-dynamic range or
I data

scan
ass over the image data invisible te legacy decoders which provides additional
its to extend the precision of the DEP transformed coefficients

y: Refinement scans can be eithefapplied in the legacy or residual decoding path.

in the two-dimensionhal image array which comprises a component

rdinate system for all samples of an image

ards-the right, the second towards the bottom.

k and
form

o the

hd/or
wide

least

ry: The-samples at the top left edge of the image have the coordinates (0,0), the first coorgdlinate

box that carries other boxes as payload data

3.1.61
sub box

box that is contained as payload data within a superbox

3.1.62

uniform quantization
procedure by which DCT coefficients are linearly scaled in order to achieve compression

© ISO/IEC 2016 - All rights re
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upsampling
procedure by which the spatial resolution of a component is increased

-8:2016(E)

3.2 Symbols

X width of the sample grid in positions

Y height of the sample grid in positions

Nf number of components in an image

Si,x subsampling factor of componenti in horizontal direction

Siy subsampling factor of component i in vertical direction

H; subsampling indicator of component i in the frame header

Vi subsampling indicator of component i in the frame header

Vxy sample value at the sample grid position x,y

Rp additional number of DCT coefficients bits represented-by refinement scans in thg
8+Rp, is the number of non-fractional bits (i.e. bits ikfront of the “binary dot”) of {
the inverse DCT process in the base image

Ry additional number of DCT coefficients bits represented by refinement scans in the r
is the number of non-fractional bits (i.e. bits in front of the “binary dot”) of the
inverse DCT process in the residual image.where P is the bitdepth indicated in the f
of the residual codestream

Rp additional bits in the HDR image:8+Rb is the sample precision of the reconstructe

3.3 |Abbreviated terms

ASCII
LSB

MSB
TMO
DCT

FCT

American Standard Code for Information Interchange
least significant'bit

most significant bit

tone mapping operator

discrete cosine transformation

base image,
he output of

bsidual, P+Ry,
utput of the
rame header

1 HDR image

ICT
RCT

fixed point multi-component transformation
irreversible multi-component transformation

reversible multi component transformation

4 Conventions

4.1 Conformance language

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

© ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=b867d210d498f6a15b9db448c606c772

ISO/IEC 18477-8:2016(E)

4.2 Operators

NOTE Many of the operators used in this document are similar to those used in the C programming language.
4.2.1 Arithmetic operators

+ addition

- subtraction (as a binary operator) or negation (as a unary prefix operator)

* multiplication
/ division without truncation or rounding
smod

¥ smod a is the unique value y between —Ka—l)/Z} and [(a—l)/ZJ
fpr which y+N*a = x with a suitable integer N

umod ¥ umod a is the unique value y between 0 and a-1 fon ‘which
y+N*a = x with a suitable integer N

4.2.2 Logical operators

—

pgical OR

Ro
Re

pgical AND

—

pgical NOT

m
b

€ {A, B} isdefined as (x==A || x==B)

R
X

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

4.2.3 Relational operators

> breater than

>= breater than or equal\to
< ess than

<= ess than er’equal to

== bqual to

I= hot'équal to

4.2.4 Precedence order of operators

Operators are listed below in descending order of precedence. If several operators appear in the same
line, they have equal precedence. When several operators of equal precedence appear at the same level
in an expression, evaluation proceeds according to the associativity of the operator either from right to
left or from left to right.

Operators Type of operation Associativity
0. [1- expression left to right

- unary negation

8 © ISO/IEC 2016 - All rights reserved
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umod, smod

+

)

<,> <=, >=

ISO/IEC 18477

multiplication left to right

modulo (remainder) left to right
addition and subtraction left to right

relational left to right

4.2.5 Mathematical functions

-8:2016(E)

ceil of x: returns the smallest integer that is greater than or equal to x

|

‘XJ floor of x: returns the largest integer that is lesser than or equal to x

x| absolute value, is -x for x < 0, otherwise x

sign(x) sign of x, 0 if x is zero, +1 if X is positive, -1 if x is negative

clamp(x,min,max) clamps x to the range [min,max]: returns min if x <min, max if x > max oj

xa raises the value of x to the power of a: x is@non-negative real numb
number; x2 is equal to exp(a*log(x)) where exp is the exponential
log() the natural logarithm; if x is 0 afxd a is positive, x2 is defined td

5 (eneral

5.1 |General definitions

Clauge 5 gives an informative overview of thé elements specified in this document. It als

manyf of the terms which are defined in Glause 3. These terms are printed in italics upon f

Claude 5.

Ther¢ are three elements specified-in this document:

a) Anencoder is an embodimeént of an encoding process. An encoder takes as input digital
data and encoder spegifications and, by means of a specified set of procedures, generat
cpdestream.

b) A decoder is an_embodiment of a decoding process. A decoder takes as input a codesty
means of aspecified set of procedures, generates as output digital reconstructed image]

c) The codestream is a compressed image data representation, which includes all neceq

llow:a)(full or approximate) reconstruction of the sample values of a digital image. Ad
qﬂght be required that define the interpretation of the sample data, such as colour
spatial dimensions of the samples.

5.2 Overview of ISO/IEC 18477-8

I otherwise x

er, a is a real
Function and
be 0

o introduces
irst usage in

source image
es as output

eam and, by
data.

sary data to
ditional data

space or the

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

This document includes multiple tools to reach the above functionality, defined in Annexes B and on. A
short overview of these coding tools is given in Clause 5.
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The syntax of an ISO/IEC 18477-8 compliant codestream is specified in ISO/IEC 18477-3, that is, this
document uses a syntax element denoted as “box” to annotate its syntactical elements. The definition of
the box syntax element is not repeated here (refer to ISO/IEC 18477-3). Additional boxes besides those
already specified in ISO/IEC 18477-3 are defined in Annex B. In addition, this document also reuses
boxes defined in ISO/IEC 18477-6:2016, Annex B and ISO/IEC 18477-7:2016, Annex B.

LDR Image

Base Image

Decoder Inverse

Decorrelation

HDR Image

Base
Mapping

Residual
Decorrelation

Residual
Mapping

Residual Image
Decoger

Figure 1.+ Overview of the decoding process

To allow losgless and near-lpssléss coding, this document provides a stricter definition of two elenents
of the reconptruction process defined in Rec. ITU-T T.81 | ISO/IEC 10918-1 and ISO/IEC 18477-1. The
DCT processf only looselyrdefined in an implementation-agnostic way in Rec. ITU-T T.81 | ISO/IEC 10918-
1 is replacegl by strictly defined algorithms (specified in Annex E) that a conforming decoder|shall
follow. Not following these steps will compromise lossless reconstruction. Annex C replaces thie ICT
transformatjon by’a precise fixed-point implementation denoted as FCT operating entirely on integer
samples and thus allowing a fully reproducible transformation conforming decoders shall follpw as
well. Again, deriving from the specifications of the FCT specified in Annex C will compromise lossless
coding. The DCT operations in Annex E and the FCT in Annex C are fully backwards compatible to the
DCT in Rec. ITU-T T.81 | ISO/IEC 10918-1 and the ICT in ISO/IEC 18477-1 and approximate them within
the error bounds of Rec. ITU-T T.83 | ISO/IEC 10918-2. Thus, a possible implementation choice for the
ISO/IEC 18477 family of standards is to always use the DCT and/or FCT as specified here, and not to
provide a second implementation based on floating point or other technology.

Lossless coding can be achieved by two alternative mechanisms. First, by applying the Integer DCT
specified in Annex E, and replacing the base transformation by an identity transformation. This coding
mode can only be applied to bit precisions of 8 bits per sample, or up to 12 bits per sample in the
presence of refinement scans already defined in ISO/IEC 18477-6. Residual scans are not required if
the Integer DCT is deployed.
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Second, by replacing the DCT by the Fixed Point DCT and by selecting the FCT, the scaled identity
transformation or an integer-based free-form transformation as base transformation. The Fixed Point
DCT is specified in Annex E. The FCT and modifications to free-form integer transformations are
defined in Annex C. In this case, FCT and the Fixed Point DCT create an additional coding error that is
precisely defined by the coding procedure. This coding error is then corrected by an additive residual
scan. While residual scans were already defined in ISO/IEC 18477-6, the Residual DCT Specification box
specified in Annex B allows users to bypass the DCT in the residual image completely and thus avoids
additional complexity not required for lossless coding. Residual data using the DCT bypass mode are
entropy coded in a new scan type denoted as residual scan defined in Annex D. It is closely related
to the regular (baseline, extended or progressive) Huffman scan types specified in Rec. ITU-T T.81 |
ISO/IEC 10918-1. Since all coefficients are now error residuals in the spatial domain, the natural
distiffction between DC and AT coefficients no longer applies. This means that the special role the DC
coefficient has in the Rec. ITU-T T.81 | ISO/IEC 10918-1 decoding procedure is no longer-justified. The
residual scan type thus extends the AC decoding procedure to the top-left coefficient of an 8x8 block

while
procq

bypa

Ifthe
Such

To de
comp
of Re

keeping everything else unchanged. It is thus only a very minor modification of
ss specified in Rec. ITU-T T.81 | ISO/IEC 10918-1 that improves the coding efficig
5sed coded error residuals.

DCT is bypassed, quantization in the residual domain may cause ringing and stair-cas
artifacts can be eliminated by the Noise Shaping algorithm specified in Annex G.

correlate the components of the additive error residuals, Ahnex C specifies an additi
onent decorrelation transformation denoted as the RCT.\[tJs related, but not identicg
C. ITU-T T.801 | ISO/IEC 15444-1.

The

Lega¢y codestream and refinement scans in the Refinement box form the DCT coefficient
image. The image is dequantized and then processed by either the Fixed Point DCT or the I
multi-component decorrelation transformation, the Identity, the scaled identity, the FCT o
integpr transformation follows. The output ofithis process is optionally processed by a non
trangformation selected by the Base Non-linear Point Transformation box. The output of tH

calle

Imag

encapsulated by the Residual Data-box and the Residual Refinement box, both of which a

in IS
or th
enco
requ
are f
final

;fred, and inversely decorrelated either by the RCT or an identity transformation. The er

ecoding procedure of this document is otherwise*closely related to that of I1SO/I

the precursor image.

h

reconstruction proceeds wiith the entropy decoding of the residual image

/IEC 18477-6:2016, Annex B. Data is dequantized and either processed through the
e DCT bypass process specified in Annex E. The DCT bypass process requires residul
ed in the residual Scan type of Annex D. Output of this data is then linearly scale

nally added tolthe precursor image, and modulo arithmetic is used in the addition
reconstruction value in range. If the encoded data is floating point, the lossless cony

he decoding
ncy of DCT-

ing artifacts.

onal lossless
], to the RCT

EC 18477-6:
5 of the base
teger DCT. A
- a free-form
-linear point
is process is

if present,
Iso specified
Integer DCT,
al data to be
1 to range, if
ror residuals
to ensure a
yersion from

floating pointtonteger specified in ISO/IEC 18477-7:2016, Annex D completes decoding, otherwise the

sum ¢f residualand precursor image is already the final output.

For thedetailed specification of the decoding and merging process, see Annex A.

5.3 Profiles

The profiles define the implementation of a particular technology within the functional blocks of
Figure 1. Profiles are defined in Annex H.

5.4 Encoder requirements

There is no requirement in this document that any encoder shall support all profiles. An encoder is
only required to meet the compliance tests and to generate the codestream according to the syntax and
to limit the coding parameters to those valid within the profile it conforms to. Profiles are defined in
Annex H.
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5.5 Decoder requirements

A decoding process converts compressed image data to reconstructed image data. It may follow the
decoding operation specified in this document and ISO/IEC 18477-1 to generate an LDR image from
the legacy codestream, and it shall follow the operations in this document to decode an IDR or an
HDR image from the data in the full file. The Decoder shall parse the codestream syntax to extract the
parameters, the residual image and the base image. The parameters shall be used to merge the residual

image with the base image into the reconstructed IDR Image.

In order to comply with this document, a decoder

ox into to a low dynamic range image;

b) shall convert a conforming codestream within the profile it claims to be conforming to into an
intermefliate dynamic range image to exactly the same sample values as the reférence defoder
specifiefl in ISO/IEC 18477-51). Additional details on reference testing and allowgble error bgunds

are spedified in ISO/IEC 18477-41).

1) Under preparation.
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lecoding process relies on a layered approach to extend the capabilities of the Rec
EC 10918-1 process. The encoder decomposes an IDR or HDR image into a base layeér, w
bne-mapped version of the IDR/HDR image, and a residual layer. In additionsto'the r¢

ecoder to reconstruct from the LDR image an approximate IDR/HDR iniage denoted
. The errors of this approximation process, if any, are corrected ®y the residual
led in the residual data box and residual refinement box (see Annex B). Both the desci

hus only see the tone mapped LDR image. While the base image“complies to ISO/IEC
supports only the 8-bit extended or baseline, extended or progressive Huffman modes
e may optionally be encoded in the 12-bit Huffman or progressive modes and may o]
bsidual scan type of Annex D bypassing the inverse DCT:

e A.1 illustrates the functionality of a compliant,decoder.
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Figure A.1 — High-level overview of the decoding process of a compliant decoder
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Bold lines carry three components (or one for greyscale). Round boxes implement point-transformations,
square boxes (except B1, Bla, B5, B5a) multiplications by 3x3 matrices. Letters denote signal names.

The reconstruction process of an intermediate dynamic range image from a LDR image and a residual
image decoders shall follow the following steps (see Figure A.1).

14

In steps B1 and B1la, decode the base DCT coefficients from legacy codestream and the refinement
codestream if a Refinement Data box is present. Refinement coding is specified in Annex D.
Otherwise, the decoding process of Rec. ITU-T T.81 | ISO/IEC 10918-1 is used unaltered.

In step B1b, apply Inverse Quantization as specified in Rec. ITU-T T.81 | ISO/IEC 10918-1.

In step [BIc, apply Inverse Discrete Cosine Transformation. The inverse DCT process is ¢ither
the Integer DCT or the Fixed Point DCT of Annex E, and the DCT process is selected bythgq DCT
Specifidation box specified in Annex B.

In step B2, the upsampling process specified in Annex F shall be followed to generatesamples for all
positions on the sample grid.

In step B3 the linear transformation, as selected by the Base Transformation box definfed in
Annex H, shall be applied to inversely decorrelate the image components. Table B.1 defines ywhich
transforjmation to pick. The output of this block consists of either one‘er three samples per grid
point Oj| depending on the number of components in the legacy dodestream. The output of this
transforjmation is rounded to integers and clipped to [0,255].

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

Also in $tep B4, an integer colour transformation is applied to the input values J; resulting in the
output fixel values Hj. The transformation is selected by the Colour Transformation subbox pf the
Merging Specification box, which selects ene of the transformations defined in Annex C. If Nf equals
1, no transformation is performed.

In steps| B5 and B5a, the residualiimage shall be reconstructed from the data contained in the
Residua] Codestream box and theResidual Refinement box. The codestream contained in this box
either fdllows the specifications defined in Rec. ITU-T T.81 | ISO/IEC 10918-1 or is encoded in the
residual scan specified imAnnex D. If a Residual Refinement box is present, the precision pf the
samples|of the residual codestream shall be extended by refinement coding as specified in Annex
D of thig document and 1SO/IEC 18477-6:2016, Annex D. The number of components of the regidual
image shall be equal-to the number of components signalled in the base image.

In step B5b, [nverse Quantization is performed. If the DCT bypass operation is selected, an optional
Noise Shaping process is applied to the reconstructed coefficients. Noise shaping is specified in
Annex (}. Otherwise, the Inverse Quantization procedure of Rec. ITU-T T.81 | ISO/IEC 10p18-1
applies unaltered.

In step B5c apply either the Integer DCT or the DCT bypass as specified in Annex E. The DCT
operation is selected by the Residual DCT Specification box specified in Annex B and shall fit to
the scan type of the residual image.

In step B6, residual data is upsampled to the common sample grid following the specification of
Annex F.

In step B7, apply a non-linear point transformation that is defined by the Residual non-linear Point
Transformation subbox of the Merging Specification box. The outputs of this operation are one or
three residual sample values per pixel denoted by P;.
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The outputs of the residual decoding process are one or three integer sample values P; per sample

In step B8, an inverse colour decorrelation shall be applied to the P; data. This is either the identity

transformation or the Reversible Colour Transformation (RCT), selected by the Residual
Transformation box of Annex B. The RCT is specified in Annex C. The outputs of this process are the
inversely decorrelated prediction errors Q;.

In step B9, the intermediate dynamic range output Fj, i.e. the output of the decoding process, is

reconstructed from Hj, the predicted high dynamic range signal, and the inversely decorrelation
prediction errors Q;. The output bit precision Ry is taken from the Output Conversion subbox of the
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y the algorithm specified in ISO/IEC 18477-7:2016, Annex D. Otherwise, the F; arg
nal output.

Encoding process (informative)

ment does not define a normative encoding process. Any-eéncoding process that ger
it that is compliant to this document is acceptable as long as this file format recons
image feed into the encoder without loss for lossless coding, or with a loss that
table error bound defined by ISO/IEC 18477-42),

ver, for the sake of clarity, a possible encoder mechanism will be described in
encoder depicted in Figure A.2 first estimates a suitable inverse tonemapping fro
e and suitable image parameters, or twe input images if desired. This inverse t
foded in an Integer Table Lookup box, and the Base non-linear Point Transformatia
ing Specification box points to the¢lable Lookup box. The Colour Transformation b
formation box select a suitable transformation from the IDR colour space and the co
y JPEG applications, which is given by Rec. ITU-T BT.601. Depending on the desired ¢
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formation in the IDR coleurspace.

ssing of data is nowyperformed as follows: Input IDR data is first transformed into a
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colourspace by the inverse of the linear decorrelation given by the Colour Transformation b¢x, if present.

Comy
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The ¢

utation of the(inverse matrix is up to the encoder. Data is then clamped to range
n inverse of the nonlinear point transformation lookup process, given by ISO/IEC 1
ix C is applied. As above, computing an approximate inverse of the table lookup or para
to the encoder and not specified by this document.

if necessary,
B477-3:2015,
metric curve

computing

putput of thls process is decorrelated by the inverse of the base Correlatlon matru

omputed by

the encoder and not 51gnalled only the transformatlon matrlx for the decoder process is included
in the codestream if different from the standard YCbCr to RGB transformation. The outputs of this
decorrelation process are first clamped to range, then subsampled if desired and transformed by the
Fixed Point DCT, quantized and encoded.

To compute the residual image the DCT coefficients computed for the base image are then decoded to
the precursor image as defined in A.1. That is, the encoding process includes a partial image decoder
implementation that mimics the decoder except for the lossless entropy coding stage. The outputs of
this partial decoding process are the sample values of the precursor image. The residual image is then
computed by subtracting the precursor sample values from the IDR input image sample values modulo
2Rb+8 and an offset of 2Rb+8-1 js added, again modulo 2Rb+8,

2) Under preparation.
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The residual image values are then inversely decorrelated by the inverse of the Residual Transformation,
and mapped into the residual coding domain by the inverse of the Residual Point transformation. The
only possible choices are here the identity transformation or the RCT. If lossless coding is desired, the
non-linear point transformation is constrained to be the identity; other choices are available for near-
lossless coding. Computation of suitable inverses for near-lossless coding is again up to the encoder; only
the decoding matrix and the decoding non-linear point transformations are signalled in the codestream.
The outputs of these processes are then subsampled, where subsampling is only applicable for near-
lossless coding. If lossless coding is desired, subsampling cannot be applied to residuals. The resulting
samples are up to 16 bits in size; if lossless coding is desired, the entropy coding process can be either
a residual scan over non-transformed coefficients using a full 16-bit range, or an integer DCT followed
by a 12-bit extended Huffman scan plus a 4-bit residual scan. For near-lossless coding, prediction errors
are quantizegd and the bit depthis determined by the residual non-Iinear point transformation.

Because thelencoder predicts the image a reference decoder will reconstruct from the basg layer|input
codestream,| implementation freedom exists in the choice of the forwards DCT and fogwatds golour
transformatjon. Selecting a DCT or decorrelation transformation that deviates from the-descriptjon in
this standard will still enable a standard conforming decoder to reconstruct the image without loss.
Deviating frpm the informative encoder specifications will, at worst, enlarge the error residudl and
thus lower the coding efficiency, though will not impact the faithful reconstruction of the image.

\‘\ Forward Quan-

LOR > FcT tization
Inverse Inverse

ese FCT f« Fixed Pt Quan-

xO DCT tization

Quan-
tization

Forward
RCT

IDR/HDR

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

Operations in grey boxes have to be implemented as specified in this document to allow lossless
reconstruction, implementation freedom exists for white boxes.

An entry-level lossless encoder for 8- to 12-bit samples without residual scans is also possible (see
Figure A.3). In this case, the Colour Transformation must be absent (i.e. an identity) and the Base
transformation must be the identity as well. That is, both the Colour Transformation boxes as well as
the Base transformation box are absent, and a Component Decorrelation Marker with a cc value of 0 is
inserted into the codestream. The Base non-linear Point Transformation box shall be absent as well,
signalling an identity transformation. The DCT transformation in the base image coding pass is the
Integer DCT, allowing a precise inverse, and the overall quantization matrix contains only ones. Entropy
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coding consists of the regular, extended or progressive Huffman scan with 8-bit precision defined in
Rec. ITU-T T.81 | ISO/IEC 10918-1, where additional refinement scans are added as needed to extend
the bit depths of the codestream to the required sample precision.

IDRImg

Figure A.3 — High level overview of the er@level encoder

&

N\
NOTE All operations have to be implemented as given for loss]é% decoding, no implementation ffeedom exists.
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B.1 General

Annex B
(normative)

Boxes

Annex B seldcts and refines a subset of the boxes defined in ISO/IEC 18477-3 for the purpose of'lo

and near-logsless coding of intermediate and high dynamic range images. It lists those)box
ISO/IEC 184} 7-3 that are required for this document. All other boxes are optional and itsinterpret
is outside th¢ scope of this document. Other parts of ISO/IEC 18477 or other standardsimay define

meaning, anfl decoders conforming to this document may ignore them.

Table B.1 lists the boxes required in this document that are paired with ISO/IEC\18477-3. Some
boxes requirje additional specifications that are listed in subsequent clauses,of Annex B.

Table B.1 — Boxes within ISO/IEC 18477-8

bsless
es of
ation
their

bf the

Box Name

Box Type

Further definitions in which
clause of this ISO/IEC 1847

sub-
7-8

Flle Type box

0x66747970 (“ftyp”)

Legacy Ipata Checksum box

0x4C43484B (“LCHK”)

Resjdual Data box

0x52455349 (“RESI”)

Residual Refinement box

0x52464948[“RFIN”)

Refinement Data box

0x46494e45 (“FINE”)

Merging Specification box

0x53504543 (“SPEC”)

Parametric Curve box

0x43555256 (“CURV”)

Integer|Table Lookup box

0x544f4e45 (“TONE”)

Fix-point Lingar Transformation box

0x4D545258 (“MTRX”)

Outpu Conversion box 0x4F434F4E (“OCON”) B.2
Refinement Specification box 0x52535043 (“RSPC”)
Base Non-lifear Point Transforma- 0x4C505453 (“LPTS”) B.3
tion Specification-box
Residual Nomp-linear Roint Transfor- 0x5152505453 (“QPTS”) B.4
mation|Specification box
Base Trjansformation box 0x4C545246 (“LTRF”) B.5
Residual Fframsformmatiomrbox 0x52545246 t“RTRF) B6
Colour Transformation box 0x43545246 (“CTRF”) B7
Base DCT Specification box 0x4C444354 (“LDCT”) B.8
Residual DCT Specification box 0x52444354 (“RDCT”) B9

B.2 Output Conversion box

This mandatory box defines the conversion process from the result of the base image/residual image
merging process to the final samples. It describes the final merging process and by that step B10 of the
algorithm described in A.1. This box is already defined in ISO/IEC 18477-3:2015, Annex B, though its
application to this Recommendation | International Standard further constraints the value of its fields.

18
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This box shall never appear top level in the file, but it shall be a subbox of the Merging Specification
box defined in ISO/IEC 18477-3:2015, Annex B. Exactly one Output Conversion box shall appear in the
Merging Specification box if a Merging Specification box exists.

The detailed list of operations to be performed by the Output Conversion is specified in ISO/IEC 18477-
3:2015, Annex B.

Table B.2 constraints the parameters of the Output Conversion box as applied in this document.

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

Parameter Constraints within Me_a_n_]_ng_
ISO/IEC 18477-8
Rp 0..8 Number of additional Qits available

for high or intermedidte dynamic

range data. The bit prdcision of the
reconstructed image shall be com-
puted as 8+Rp.

The parameter of this field shall be
8ifOcis 1

Lf 1 This field shall be 1, indlicating loss-

less and near-losslefs coding.

ISO/IEC 18477-8 only sppecifies loss-
less and near lossle$s coding.

Oc 0..1 Pseudo-logarithmic output-enable
flag. If this flag is set|the output
of the merging step ghall be the
half-logarithmic map defined in
ISO/IEC 18477-7:201f, Annex D.

If this flag is set, the yalue of Ry,
shall be 8.

Ce 0 This field shall|be 0.

This field indicates whether the
ouput shall be clippgd to range
[0,2Rb-1] if Oc is 0, off clipped to
[-0x7bff,0x7bff] if Ocis 1.before
processing the datg further.

0l 0 This field shall|be 0.
This field indicates whether an out-

put lookup or point transformation
is required.

tog 0 Unused, shall be 0.
tog 0 Unused, shall be 0.
toy 0 Unused, shall be 0.
tos 0 Unused, shall be 0.

B.3 Base Non-linear Point Transformation Specification box

This box defines the non-linear 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. It’s the
box layout and box structure is given by the Non-Linear Point Transformation Specification box, defined
in ISO/IEC 18477-3:2015, Annex B.

Additional constraints apply, however: The td; values of the box shall only reference Integer Table
Lookup boxes. References to Floating point Table Lookup boxes or Parametric Curve boxes shall not
be used. The non-linear point transformation itself is given by the process specified in ISO/IEC 18477-
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3:2015, Annex C. It requires four additional parameters, the input range Ry, Re and the output range Ry,
Rf. The two value pairs shall be given as follows:

RW:8+Rh Re=0
Re=8+Rp Rf=0

The value Ry, is the number of refinement scans in the base decoding path and is found in the Refinement
Specification box defined in ISO/IEC 18477-3:2015, Annex B. If the Refinement specification box is
absent, the inferred value of Ry, is 0. The value Ry, is found in the Output Conversion box, where Rp+8
defines the tptatoutputprecisionrof the immage:

If this box isjnot present, input v shall values shall be scaled to output values w by

w=v*2Rb-Rh if Ry <Ry

W =

v /7 Rh‘RbJ if Rnp>Rp

The type of [this box shall be 0x4C52505453, ASCII encoding of “LPTS”,.The"box structure and lpyout
does not devjiate from that in ISO/IEC 18477-3:2015, Annex B.

NOTE The constraints for the Base Non-linear Point Transfermation Specification box in this
Recommendation | International Standard differs slightly from the coristraints and definitions in ISO/IEC 18477-
6 and ISO/IE[C 18477-7. Implementations that want to implement multiple standards may use the Lf flag of
the output conversion box to distinguish between the constraints here and those that apply to other pdrts of
[SO/IEC 1847}.

B.4 Residual Non-linear Point Transformation Specification box

This box deflines the non-linear point transforimation between the output of the residual DCT prjcess
and the inpuit of the Residual Transformation. It implements step B7 of Figure A.1 in Annex A. The
box structuge and layout is already defined in ISO/IEC 18477-3:2015, Annex B, though its purppse is
refined herg and additional constraints-apply. At most one Residual non-linear Point Transformnation
Specification} box shall exist as a sub-box of the Merging Specification box. It shall not appear af top-
level of the f]le. This box shall only be present if the Residual Data box is present.

The td; values shall only neference Integer Table Lookup boxes. References to Floating point [Table
Lookup boxds or Parametric Curve boxes shall not be used. If this box is not present, input v valueg shall
be scaled to putput values'w by

w =v * 2Rb+8+RERr-P  if R.+P<Rp+ 8 +R¢

—- r+P-Rh78—Rf| 1L D D D fa) D
W—V/L IT— Nyt T > N\pt+ O TN

where R is the number of refinement scans in the residual decoding path and is found in the Refinement
Specification box defined in ISO/IEC 18477-3:2015, Annex B and Ry, is the number of excess integer bits
defined by the Output Conversion box specified in B.2. If the Refinement Specification box is absent, the
inferred value of Ry is 0. P is the frame precision of the codestream, as recorded in the frame header of
the codestream in the Residual Codestream box.

The Non-linear Point Transformation as specified in ISO/IEC 18477-3:2015, Annex C requires two
additional input parameter pairs, namely Ry, Re and R¢, Rt. They shall be computed as follows:

Rw =P+ R—Re and Re as selected from Table B.2
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Rt:8+Rb

Parameters P, Ry, Ry are as above, the values of Re and Rfdepend on the Residual Colour Transformation,
namely the value Xt. Values for R are specified in Table B.3, values for Rfin Table B.4.

NOTE The constraints and Ry, Re and Ry, Rf parameters of the Residual Non-linear Point Transformation
Specification box in this document differs slightly from the constraints and definitions in ISO/IEC 18477-6 and
ISO/IEC 18477-7. Implementations that want to implement multiple standards may use the Lf flag of the Output
Conversion box to distinguish between the constraints here and those that apply to other parts of ISO/IEC 18477.

Table B.3 — Values of Re depending on Xt.

Value of Xt of the Residual Value of P+Ry Value of R|
Transformation box (see B.6)
4 (RCT) <16 1
4 (RCT) =16 1 (see NOTH)
1 (Identity) ignore 0
All other values invalid
Table B.4 — Values of Ry depending on Xt.
Value of Xt of the Residual Value of P+Ry Value of Rf
Transformation box (see B.6)
4 (RCT) <16 1
4 (RCT) =16 1 (see NOTH)
1 (Identity) ighore 0
All other values invalid

NOTE
bits r
1SO/1

al number of
bkup box, see

In case Xt is 4 selecting the RCT.&s residual transformation and P+R; is 16, the tof
bquired for a table lookup process is:b€ 17, requiring 32-bit entries in the Integer Table Lo
C 18477-3:2015, Annex B.

B.5
This

Base Transformation box

and t
B3 of

box defines the linear transformation between the output of the base entropy deco
he input of the base*image non-linear point transformation. It defines the transform
the decoding process specified in Annex A. The box structure and layout is alread

Hing process
ation in step
y defined in

1SO/I1
the p

EC 18477-3:2015, Annex B though its purpose is refined here and additional constrafints apply to
hrametersofthe box.

Ther¢ shallbe exactly one Base Transformation box as subbox of the Merging Specification box.

and the€ component transformation shall be consistent with the transformation indidated by the
Comlj onent Decorrelation Marker cpnriﬁnd in IQﬂI/IF'(" 18477-1 _That is, ifthe ccvalue of thé Component
Decorrelation Marker is 0, Xt shall be 1 or larger than 5. If the Component Decorrelation marker is
absent or its cc value is nonzero, Xt shall be 3 or larger than 5. If the base file contains only a single
component, Xt shall be 1.

The linear transformations specified in Annex C require an additional level shift parameter Rg and a
scale value Re. The value of Rg for the Base transformation shall be given as

RS:8+Rh—1+Re

where Ry, is the number of refinement scans contained in the base decoding path. The value of Ry, is found
in the Refinement Specification subbox of the Merging Parameter box. It shall be 0 if no Refinement
Specification box is present. Re depends on the choice of the DCT in the base decoding path and hence
on the entry of the DCT Specification box. Its value is selected according to Table B.5.
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The type of the Base Transformation box shall be 0x4C545246, ASCII encoding of “LTRF".

Table B.5 constraints the parameters and parameter sizes of this box, Table B.6 defines the encoding of
the Xt parameter and Table B.7 the value of Re.

Table B.5 — Parameter constraints of the Base Transformation box

Parameter Constraints within Meaning
ISO/IEC 18477-8
Xt 1, 3,5..15 Defines the linear transformation to

be used as Base Transformation, see
T l.1 n.r. L =l -
I'dUIT D.J 1UI UIIT CllLUulllS

Re 0 Shall be 0.

Table B.6 — Encoding of the LXt Parameter

Value Transformation to be'used
0 Reserved for ITU | ISO/IEC purposes.

1 The identity transforimation shall be used.
2 Reserved for ITU.}ISO/IEC purposes.
3

The FCT Transformation as specified in Annex  of
this Recommendation | International Standard sghall

be used.
4 Reserved for ITU | ISO/IEC purposes.
5..15 The freeform transformation with offset shift deffned

by theInteger or Floating Point Linear Transformgtion
box witose M value matches the value of Xt shall beused.

The Integer or Floating Point Linear Transformagion
boxes are specified in ISO/IEC 18477-3:2015, Anrlex B
and their application and implementation are spe¢ified

in Annex C of this document.

Table B.7 — Selection of R for the Base Transformation

Value of dict in the base DCT Specification box Value of Re
(see B.8)
0 (Fixed Point\DCT) 4
2 (Integer-DCT) 0
AllL other values invalid

B.6 Residual Transformation box

This box defines the linear transformation between the output of the non-linear 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 of this document. The box structure and layout is already defined in ISO/IEC 18477-3:2015,
Annex B though its purpose and its parameters are refined here.

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

RS = 8 + Rb - 1
where Rp+8 is the sample precision of the reconstructed IDR output image. The value of Rp can be found
in the Output Conversion box, see B.2. The scale value R shall be 0.
The type of this box shall be 0x52545246, ASCII encoding of “RTRF”.

Table B.8 constraints the parameters and parameter sizes, Table B.9 describes the encoding of the Xt
paraieter:

Table B.8 — Parameter constraints of the Residual Transformation-box

Parameter Constraints within Meaning
ISO/IEC 18477-8
Xt 1,4.15 DefineS)the linear trangformation to

be.used as Residual Transformation,
see Table B-8 for the{encoding.

Re 0 Shall be 0,

Table B.9 — Encoding of the Xt parameter

Value Transformation to be used
0 Reserved for ITU | ISO/IEC purpdgses.
1 The identity transformation shall be used.
2.3 Reserved for ITU | ISO/IEC purpagses.
4 The RCT Transformation as specified in Annex C shall
be used.
5..15 Reserved for ITU | ISO/IEC purpagses.

B.7 |Colour Transformation box

This pox defines the linear transformation between the output of the non-linear point tragnsformation
in the base domain and-the addition of the inversely decorrelated transformed residual. It defines the
linear transformatian in step B4a of the decoding process specified in Annex A of this Recommendation
| Intgrnational Standard. The box structure and layout is already defined in ISO/IEC 18477-3:2015,
Annex B, though/its purpose is refined here.

This box shallonly exist as a subbox of the Merging Specification box specified in ISO/IEC 18477-3:2015,
Annek B and it may only exist if the number of components in the image Nf equals 3. It sha|l not appear
top l£ve1. If this box does not exist, the Colour Transformation shall be the identity trahsformation;
otherwise the Xt parameter of the Colour Transformation box specifies the transformation matrix

to pick. If a free form transformation is selected, i.e. the Xt parameter is greater than 4, it shall only
reference Fix Point Linear Transformation boxes.

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

Rg=-00 (i.e. no level shift)

The type of this box shall be 0x43545246, ASCII encoding of “CTRF”.
Table B.10 constraints the parameters from that defined in ISO/IEC 18477-3.

© ISO/IEC 2016 - All rights reserved 23


https://iecnorm.com/api/?name=b867d210d498f6a15b9db448c606c772

ISO/IEC 18477-8:2016(E)

Table B.10 — Parameters of the Residual Transformation box

Parameter Constraints within Meaning
ISO/IEC 18477-8
Xt 1or5.15 Defines the linear transformation to
be used as Base Transformation, see
Table B.11 for the encoding.
Re 0 Shall be 0.

Table B.11 — 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 be wsed.
2.4 Reserved for ITU | ISO/IEC purposes.

5.15 The free form transformation without offset shiift
defined by the Integer or FloatingPoint Linear Tifans-
formation box whose M value matches the value pf Xt

shallbe-used.
The Integer or Floating'\Point Linear Transformagion
boxes are specifiedintSO/IEC 18477-3:2015, Anrlex B
and their applicationand implementation are spe¢ified
in Anhex C of this document.
B.8 Base[DCT Specification box
This mandatory box defines the DCT operation in the;base decoding path. Lossless and near-logsless
s the

decoding requires a fully-specified, bit-precise DCTtwo of which are specified in Annex E. It defin

operation offthe Blc box in the functional diagram:of Annex A. This box uses the layout and structfire of

the DCT Spetification box defined in ISO/IEC 18477-3:2015, Annex B, but refines its parameters.

The box sel¢cts between two possible DEF implementations: The Integer DCT is a fully inve
integer to integer transformation of a-relatively high implementation complexity. It allows lo
coding even [without a residual codestream. The Fixed Point DCT is a fixed point approximation

rtible
bsless
bf the

DCT that is pnly invertible up to a small error. However, since the Fixed Point DCT is fully spedified,

the error at dlecoder side can be;predicted precisely and can be corrected by an additional residual scan
over the dath. The implementation complexity of the Fixed Point DCT is much lower than that ¢f the
Integer DCT.
The type of fhe Base DCT Specification box shall be 0x4C444354, ASCII encoding of “LDCT”.
Table B.12 cpnstraints the parameters and parameter sizes; Table B.13 specifies the encoding ¢f the
DCT parameer,
Table B.12 — Parameter constraints for the Base DCT Specification box
Parameter Constraints within Meaning
ISO/IEC 18477-8
dct 0,2 Selects the DCT that shall be used
to reconstruct the base image. See
Table B.13 for the encoding.
Ns 0 Reserved for ITU | ISO/IEC purposes
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Table B.13 — Encoding of the DCT parameter of the Base DCT Specification box

Value Transformation to be used
0 The Fixed Point DCT shall be used
2 The Integer DCT shall be used
All other values Reserved for ITU | ISO/IEC purposes

B.9 Residual DCT Specification box

This box defines the DCT operation and the noise shaping in the residual decoding path and thus selects

the DICT transformation to be used for step B5c of the functional diagram in Annex A. Its-s
layout is defined by the DCT Specification box, specified in ISO/IEC 18477-3:2015, AnnexH
purpgse of the box and its parameters are refined.

To erjable lossless coding, the residual coding pass corrects for residual errofs’of the bg
pass pnd is thus fully invertible. Two choices exist for the DCT: Either theinvertible Int
the DICT bypass process which replaces the DCT by a simple level shift. The [atter shift u
modified entropy coding defined in Annex D. For near lossless coding, the DCT or DCT-by
is quantized, causing staircasing artifacts if the DCT is bypassed ahd-image residuals a
direcly in the spatial domain. An optional Noise Shaping process Specified in Annex (
problem.

The tlype of the Residual DCT Specification box shall be 0x52444354, ASCII encoding of “R]]

fructure and
, though the

se decoding
pger DCT or
bes a slightly
assed signal
e quantized
i avoids this

DCT”.

Tablg B.14 refines the definition of the parameters.and parameter sizes; Table B.15 describes the

encodling of the DCT parameter.

Table B.14 — Parameter Constraints for the Residual DCT Specification bo

X

Parameter Parameter Constraints within Meaning
I1SO/IEC 18477-8

DCT 2,3 Selects the DCT thats
to reconstruct the bas
Table B.15 for the 6

hall be used
e image. See
ncoding.

RNs 0,1 If 0, noise shaping is

If 1, noise shaping as
Annex G shall be ¢

All other values arer
ITU | ISO/IEC pu

The value of this paranpeter shall be
0if DCT s 2.

disabled.

tpecified in
nabled.

bserved for
poses.

Table B.15 — F‘nr‘nding ofthe DCT parnmpfpr of the Residual DCT. Qpprifirnﬁn

box

Value Transformation to be used

2 The Integer DCT shall be used

3 The DCT bypass process shall be

used.

All other values Reserved for ITU | ISO/IEC purposes
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(normative)

Multi-component decorrelation transformation

C.1 General

Annex C

NOTE In

Annex C, the flowcharts and tables are normative only in the sense that they are definingana

that alternati

e implementations shall duplicate.

Annex C defi

ICT specifie

nes the Multiple Component Decorrelation Transformations available as basg,)residus
colour transformations of the decoding process (see Figure C.1). Since lossless and near-lossless c
requires prefdictable errors, the transformations in ISO/IEC 18477-6:2016, Annex € and ISO/IEC 1
7:2016, Anngx C cannot be applied without change. Annex C specifies a fixed-point approximation
in ISO/IEC 18477-6 denoted as the FCT. Since the FCT approximates the ICT withi
error boundy of ISO/IEC 18477-43), implementations may choose to always_substitute the ICT b

FCT with pr¢per scaling.

Annex C als
is a fully iny
improve the

In addition t
scale imageg
Since the Fix
Identity trar

introduces an additional invertible integer to integertransformation denoted as R
ertible integer approximation of the FCT that can be'used in the residual coding p4
coding efficiency of colour images.

0 these processes, an identity transformation.is also available that shall be used for
and if the colour transformation is disabled<by the Base or Residual Transformation h
ed Point DCT is a fixed point transformation, an additional scaling factor is included
sformation to compensate for the preshifted integer bits.

Figure C.

—>
Decarrelation
Transformation
———>
Level Shift

utput

l and
bding
B477-
bf the
n the
y the

CT. It
1SS to

grey-
oXes.
n the

| <“Input and output of a decorrelation transformation: Input components, output

C.2 Fixed point multi-component transformation (FCT) (normative)

components and the DC level shift

This transformation can be applied in the lossless process for reconstructing a low-dynamic range
version of the image from the data encoded in the entropy coded data segment following SOS markers.

It is a fully specified version of the YCbCr to RGB transformation based on Fixed Points.

3) Under preparation.
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In the following, set Ip, I1 and I be the sample values reconstructed from the upsampled components 0,
1 and 2, and let Lo, L1 and L be the sample values of the reconstructed data, let Rg be the number of level
shift scale bits defined in B.5 and let Re be the number of integer scale bits defined by Table B.6. Then:

L

L

. = [213 #1, +11485* 1, - 2Rs)+ 212+Re] / 213+Re
1= |27 %1, -5850 (1, - 2)- 2819 % (1, - 28 )+ 227 /27
0 = [713 1 +14':1ﬁ*(ll -7RS)+ 712+Re]/713+Re‘

NOTH This transformation approximates the ICT of ISO/IEC 18477-6.

C.3
The

allow

implgmentations.

Deno

I1 andl I the output components, let Rg be the number of levekshift bits defined in B.5. Then:

Ig

C4

This {

—
=
1

Le by Lo, L1 and Ly the input sample values of the high-dyframic range source image.

[(2449*L0 +4809%L, +934*L, +27%) / 2%

1(—1382*L0 —2714*L, +4096*L, 4 213R¢ * 2R 4 212"‘6)/213'Re

(40961, ~3430%L, —666*L, £2°7 *2" + 277) / 217

Free-form multi-component transformation (normative)

ransformation offers a genericlinear transformation that can be applied as Colour Tra

Fixed point forward multi component transformation (ECT) (informative)

purpose of the FCT is to provide a fully specified component decorrelation trgnsformation
ing lossless coding that is compatible with the RGB to YCbCr transformation deployed in legacy

Denote by I,

hsformation.

It is applied in this formfenly in profile C. Let Ip, I1 and I be the inputs to this transformatign and Og, O1

and ()2 its output.

o = [311 Fl, +ay, *(11 —ZRS)+a13 *(Iz _2Rs) +212+Re]/213+Re

Op. &= (321 1 +a, % (1, -2%) va,, 7 (1, - 2]+ 2% ) zmej

0z = [a31 *1, +as, *(11 -2R5>+a33 *(12 _2Rs) +212+Re]/213+Re
NOTE It is up to the encoder to determine a suitable inverse of the above transformation.
C.5 Inverse identity transformation (normative)

The inverse identity transformation maps its input values to the output without applying an inverse
linear decorrelation step. Denote the input value of the identity transformation with Ip and the output
value by Lo, Re is the number of level shift bits defined by Table B.6 if the transformation is applied in

© ISO/IEC 2016 - All rights reserved
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the legacy decoding pass, R is 0 if the transformation is applied in the residual decoding pass. The
inverse identity transformation then sets:

LO — [(213 * Io +212+Re) / 13+Re

If more than one component has to be transformed, the above equation(s) apply identically to all
components.

C.6 Forward identity transformation (normative)

This transfdrmation is used to generate the input of the base coding process when the number of
components|in the frame is one, or the component decorrelation transformation is disabled. Let|Rs be
the number pf level shift bits defined in B.5. If Lg is the input value, then this transformation sets the
output valug I to:

Ip = |[p13* Lo+ 212'Re)/213'Re umod 2Rs+1

If more tham one component is to be transformed, then the above appli€s to all three compopents
identically.

C.7 Reversible multi component transformation (RCT) (normative)

The RCT is 4 lossless integer to integer transformation thatis.a coarse approximation of the FCT, but
unlike the aljove, an exact inverse transformation exists.

In the followjing, let Iy, I1 and I be the reconstructed data'serving as input to the transformation, and Ry,
R and Rz gelnerated output sample values. Let Rg beithe number of scale bits defined in B.6. Then get:

To = |1,/2|

Ty = If - 2Rs#l

T, = Ip - 2Rs#l

Ri = (To - [(T1 + TZ) / 4} ) umod 2Rs+1

Rop = (R1 + (T3~ ) umod 2Rs+1

Ry = (R, + T1 ) umod2Rs+1

C.8 Reversible forward multi component transformation (RCT) (normative)

The transformation supplied by this subclause decorrelates the additive error residuals of the lossless
and lossy additive coding process and is the exact inverse of the RCT defined in C.7. Let Ip, Iy and
I be the (integer) error residuals of the additive coding process, and Rg, R1 to Ry the output of the
transformation. Let Rg be the number of level shift bits, defined in B.6. Then set:

R1 = (((Iz umod 2Rs+1) - (I umod 2Rs+1) ) smod 2Rs+1) + 2Rs+1

Rz = (((Ip umod 2Rs+1) - (I; umod 2Rs+1) ) smod 2Rs+1) + 2Rs+1
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Ro = 2*((I4 +KR1+R2>/4D umod 2Rs+1)

NOTE This transformation expands the range of the components by one bit, and quantization parameters
should be configured accordingly. Lossless coding requires a quantization interval of size 1 for components 1
and 2 (chroma), and a quantization value of either 1 or 2 for component 0 (luma) if the DCT is bypassed. It is
important to implement the operations, especially the modulo operations, exactly as stated to ensure lossless
reconstruction because wrap-around may take place.
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Annex D
(normative)

Entropy coding of residual data in the DCT-bypass and large

range mode

D.1 Gene

NOTE In

ral

Annex D the flowcharts and tables are normative only in the sense that they are defirfing’an d

that alternati

Annex D desg
first class of]
Residual DC
replace the
processes is
large to ber
ISO/IEC 109

NOTE Un
however, spre

The syntax
consists of a
frame heade
marker intr
residual sca

The residua
sequential s
notes for end
| ISO/IEC 10

The image d
codestream
codestream

Similar to re
types can al
coding for

!

e implementations shall duplicate.

cribes extensions of the entropy coding/decoding process for coding of residual dat3
processes is used when residual coding bypasses the DCT, i.e. the Rdct parameter
[ Specification box is set to 3. In such a case, the residual scan types‘specified in Anl
regular scan types specified in Rec. ITU-T T.81 | ISO/IEC 10918-1. The second clz
used when the DCT remains enabled, though the DCT may generate coefficients that ai
bpresentable by the regular or extended Huffman coding mode defined in Rec. ITU-T
8-1.

like refinement coding, the residual codestream is always contained in a single box whic}
ad over several JPEG XT Extension marker segments.

pf the residual codestream follows the syntax*of Rec. ITU-T T.81 | ISO/IEC 10918-
frame header, table definitions, followed by at least one scan over the residual dat3
r defines the entropy coding process; fordhe purpose of residual coding, the type of th
ducing the frame header shall be either' SOF;; SOF;; indicating sequential or progre
types or SOFe1 for the large range Sequential scan type.

sequential and progressive scan types are defined in D.2.2 and D.2.3, the large
Can in D.2.4. A large range progressive scan type is not defined, though implement
oding DCT coefficients in'aprogressive mode overrunning the limitations of Rec. ITU-]
D18-1 are given in D.3.

imensions and thefiumber of components indicated in the frame header of the res
shall be identi¢alto those of the legacy codestream. Subsampling factors of the res
chall be 1, i.e.\ne subsampling shall take place.

gular scan‘types defined in Rec. ITU-T T.81 | ISO/IEC 10918-1, residual DCT-bypass
so bevextended by Refinement Scans (see ISO/IEC 18477-6:2016, Annex D). The en|
Residual Refinement Scans with the DCT bypassed differs slightly from the re

utput

. The
bf the
hex D
1ss of
e too
r.81 |

may,

| and
. The

e SOF

ssive

fange
ation
" T.81

idual
idual

scan

tropy
gular

Refinement

pcan. The necessary modifications for the Residual Refinement Scan are specified in I).4.

D.2 Modified decoding process of residual error signals (normative)

D.2.1 Frame Markers of DCT bypass and Large Range entropy coding modes
(normative)

The Residual Data box shall be decoded using the DCT-bypass entropy coding algorithm if and only if the
DCT in the residual coding path is disabled by setting the dct parameter of the Residual DCT box to 3.

The syntax of the codestream in the Residual Data box shall follow the syntax specified in Rec.
ITU-T T.81 | ISO/IEC 10918-1, except that the new Start of Frame markers listed in Table D.1 indicate the
presence of one of two possible DCT bypass entropy coding algorithms. Decoding of data in the entropy
coded segments ECSg to ECS)s¢ shall follow these new algorithms.
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Table D.1 — Start-of-Frame markers for DCT-bypass entropy coding

-8:2016(E)

Start of Frame Marker Type Value Entropy Coding Algorithm
SOF1 0xFFB1 Sequential (extended Huffman) DCT-bypass Entro-
py Coding as specified in D.2.2
SOF;; 0xFFB2 Progressive DCT-bypass Entropy Coding as speci-
fiedin D.2.3
SOFe1 0xFFB3 Large Range Sequential Entropy Coding as speci-
fiedin D.2.4
SOF;3 0xFFB9 Reserved for ITU | ISO/IEC purposes.
SoFm OxFFBA ReservedfortFH+HSOAEE€ purposes.
SOFep 0xFFBB Reserved for ITU | ISO/IECpurposes.
The Bit precision of the DCT-bypass or large range encoded samples is indicated ‘by the P parameter
of th¢ frame header, as for regular scan types, see Rec. ITU-T T.81 | ISO/IEC 20918-1:1994, Table B.2.
Howgver, acceptable values for P shall be between 8 and 17, i.e. the upper lithit for P is 17|and it is not
limit¢d to 8 or 12. The syntax of the frame header of the sequential and progressive DCT-bypass and
large[range sequential entropy coding is specified in Table D.2. It is similarto the frame hepder defined
in Ref. ITU-T T.81 | ISO/IEC 10918-1:1994, Table B.2.
Table D.2 — Frame header of the DCT-bypass.entropy coding scans
Parameter Size (in Bits) Values Meaning
Lf 16 8+3*Nf SiZe of the marker segment, notincludifg the marker
P 8 8..17 Precision of the residual signal in bit$ (see D.6 for
recommendations)
Y 16 1..65535 Height of the residual image in pixels. This value shall
be identical to the value of Y of the legacy|frame header
X 16 165535 Width of the residual image in pixels. This value shall
be identical to the value of X of the legacy|frame header
Nf 8 lor3 Number of components of the residuall frame. This
value shall be identical to the value of Nf of the legacy
frame header
Ci 8 (per entry) 0..255 Component identifier. This value assigns a unique
label to the i-th component in the sequénce of frame
component specification parameters; the component
identifiers are referenced in the scan header of the
residual scans.
H; 4 1.2 Horizontal subsampling identifier for corhponenti. The
pair (Hj, Vi) of componentiidentifies thgsubsampling
factors according to ISO/IEC 18477-1:2p15, Annex A.
Vi 4 1.2 Vertical subsampling identifier for comjponenti. The
pair (H V{) of compaonent i identifies theisubsampling
factors according to ISO/IEC 18477-1,:2015 Annex A.
Tq; 8 0.3 Quantization table selector; selects one of four possible
quantization tables to use for dequantization of the
decoded samples of component i. Only entry #63 of
each quantization table is used.

D.2.2 Modified sequential decoding process of DCT-bypassed error signals (normative)

Sequential DCT-bypass coding is indicated by a frame marker of type SOF;1 in the Residual Codestream
box. It shall only be signalled in the codestream if Rdct parameter of the Residual DCT Specification box
is set to 3. Residual data is in this case encoded by a modified extended Huffman process. The coding
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procedure is identical to that specified in Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, F.2 except for the
following modifications:

— The DC decoding steps, F.2.1.3.1 and F.2.2.1, shall be skipped and shall be not effective.

— Decoding starts with the AC coding, F.2.2.2, the decoding procedure starts with the coefficient in
the top left corner, i.e. in Figure F.13 of F.2.2.2 the value of K shall be initialized with 0, and not with
1; furthermore, all coefficients shall be set to zero, not only the AC coefficients, i.e. ZZ(0,...,63)=0.

— Only the AC Huffman tables shall be used for decoding the entropy coded data segment. DC Huffman
table indices in the scan header shall be ignored. The corresponding Huffman table definitions shall
be found in the Tables/misc section of the residual codestream.

— An extended Huffman alphabet, as depicted in Figure D.1 shall be used to encode the size'category
of the refidual samples. The value of the size category symbol SSSS for AC coding and thesize ranges
of the efror residuals are specified in Table D.3. Depending on the value of P in the fesidual frame
header, pnly a subset of the entries in the table are required, i.e. only all entries up\to categoryy P-1.
Sampleg in magnitude category SSSS=16 do not use the combined magnitude/runlength Huffman
coding ¢mployed for all other magnitude categories. Instead, a sample of this size is encodgd by
the Huffman symbol 0x10 (16) which is otherwise unused in the sequential scan pattern, followed
by the rjun-length, which is encoded in four bits that are directly appénded to the output sffream
bypassing the Huffman coder. Low order bits of the coefficient are notappended to the codestream.

Thble D.3 — Magnitude categories and corresponding error residual ranges

SSSS Error Residual Range
(Symbol for Huffman Coding of the
Magnitude Category)

1 -1,1
2 -3,-2,2,3
3 -7.-4,4.7
4 -15..-8, 8..15
5 -31..-16,16..31
6 -63..-32,32..63
7 -127..-64, 64..127
8 -255..-128, 128..255
9 -511..-256, 256..511
10 -1023..-512,512..1023
11 -2047..-1024, 1024..2047
12 -4095..-2048, 2048..4095
13 -8191..-4096, 4096..8192
14 -16383..-8192, 8192..16383
15 -32767..-16384, 16384..32767
16 -32768, see text and note below

NOTE The magnitude category SSSS=16 can only appear in DCT-bypass coding for which P=17. If
implementations want to avoid this case, refinement scans in the residual domain are one alternative, or
progressive residual scans are another. Note further that the magnitude category SSSS=16 includes only a single
sample value, thus low-order coefficients for this sample value need not to be included.
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Figure D.1 — Huffman symbol allocation for the residual data coding in the DCT-bypass mode

NOTH Vertical: Size of the run, hgrizontal the magnitude category. Table cells that are crpssed out are
not in use.

D.2.3 Modified progressive decoding process of DCT-bypassed error signals (hormative)

Progressive DCT-bypass,coding is indicated by a frame marker of type SOF;; in the ResiduallCodestream
box. [t shall only be sighaled in the codestream if Rdct parameter of the Residual DCT Spedification box
is set|to 3. Decodingshall be performed according to Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, G.2 though
Figure G.3 also@pplies if Ss=0. This causes the following modifications in the decoding opedration:

— The DG:decoding step will be skipped, i.e. Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, ¢.1.2.2 is not
fective.

— The AC decoding algorithms defined in G.1.2.2 and G.1.2.3., specifically Figures G.3 and G.7 also
apply if Ss = 0, i.e. if the start of the spectral selection is zero.

NOTE For example, if Ss = 0, the flowcharts G.3 and G.7 start with K=-1 and the first coefficient decoded
is ZZ(0), the top left block edge.

— Only the AC Huffman tables will be used for decoding the entropy coded data segment. DC Huffman
table indices in the scan header will be ignored.

The extended Huffman table of Table D.3 shall be used to encode the size category of the residual
samples for the first scan of a progressive scan pattern. The magnitude category SSSS=16 is not used for
progressive DCT-bypass decoding.
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Figure D.2 — Encoding procedure for sequential DCT-bypass coding
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D.2.4 Modified decoding process of large range error signals (normative)

8:2016(E)

Sequential large range DCT coding is indicated by a frame marker of type SOFe1 in the Residual
Codestream box. It shall only be signalled in the codestream if Rdct parameter of the Residual DCT
Specification box is set to 2, indicating the presence of the Integer DCT process. Since error residuals
may be up to 16 bits large, DCT coefficients may have a range of up to 21 bits, requiring an extended
encoding and decoding mechanism that is specified in the following as a modification of the decoding
process in Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, F.2.2.1 (DC coding) and F.2.2.2 (AC coding).

— The DC decoding step, as indicated in F.2.2.1 of the legacy standard shall be applied unaltered,
though the Huffman alphabet for DC coding, required to decode the dlfference magmtude category,

£0 20 antrinc lorgn Thao aviandad d660 atunda oo o daa oo
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— [
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NOTH
SSSS=
bits a

Taple D.4 — Magnitude categories and corresponding error residual ranges. For D
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umber of required entries depends on the frame precision P.

able D.4. The

ure shall be

ecoding continues with the AC coding, F.2.2.2, though a modified decoding‘proced

ategories. The Huffman alphabet for large range AC coding is shown in Fi
orresponding encoder procedure that shall be matched by the decoder'is shown i

amplesinthemagnitude categoriesSSSS=16andabovedonotusethécombined magnitud
uffman coding employed for all other magnitude categories. Instéad, a sample of this si
y Huffman symbols 0x10 (16) to 0x50 (80), followed by fauy'bits encoding the run
SSS low-order bits of the symbol to encode. The additioniab entries in the Huffman 3
igure D.3, are unused in the Huffman table specified in-Rec. ITU-T T.81 | ISO/IEC 1091

re D.3. The
igure D.4.

applied that uses an enlarged Huffman alphabet that is able to express additionilll magnitude
Fi

e/runlength
re is encoded
followed by
Iphabet, see
8-1.

DCT-bypass coding of residual samples does notencode the low-order bits of the sample values for

16 since the sample is already unambiguous. This isidifferent for large range DCT coding wh
e always coded, regardless of the magnitude category.

ere low-order

C coding,

SSSS is the Huffman symbol itself, for AC-coding it forms part of the Huffman symbol
SSSS Error Residual Range
(Symbol for Huffman codingof the
magnitude categorny)
1 -1,1
2 -3,-2,2,3
3 -7.-4,4..7
4 -15..-8,8..15
5 -31..-16, 16..31
6 -63..-32, 32..63
7 -127..-64, 64..127
8 -255..-128, 128..255
9 =5H+=256;25651%
10 -1023..-512,512..1023
11 -2047..-1024, 1024..2047
12 -4095..-2048, 2048..4095
13 -8191..-4096, 4096..8192
14 -16383..-8192, 8192..16383
15 -32767..-16384, 16384..32767
16 -65535..-32768, 32768..65535
17 -131071..-65536, 65536..131071
18 -262143..-131072,131072..262143
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Table D.4 (continued)

SSSS Error Residual Range
(Symbol for Huffman coding of the
magnitude category)

19 -524287..-262144, 262144..524287
20 -1048575..-524288, 524288..1048575
21 -1048576
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Figure D.3 — Encoding procedure for large-range coding
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Figure D.4 - Huffman symbol allocation for the residual data coding in the large range DCT mode
NOTE Velrtical: Size oftthe run, horizontal the magnitude category. Table cells that are crossed ofit are
not in use.
D.3 Coding of residual error signals by the DCT-bypass scan (informative)
Entropy codi i = ificati i d the

flowchart indicated in Figure D.2. This is, the DC coding steps in F.1.2.1 will be skipped. The first
coefficient to be coded by the AC scan is the left-top coefficient in the block which is included in the AC
coding procedure of Figure D.2. Additionally, the size category SSSS=16 will be encoded by the Huffman
symbol 16, followed by direct encoding of the run-length in four bits.

Entropy coding by the progressive DCT-bypass scan follows exactly the unaltered flowcharts of Rec.
ITU-T T.81 | ISO/IEC 10918-1:1994, G.3 and G.7, though the flowcharts also apply if Ss=0, i.e. the start
of scan includes the DC coefficient. No specific DC coding procedure is used, and DC coding steps as
indicated in ITU-T T.81 | ISO/IEC 10918-1:1994, G.1.1.2.1 and G.1.2.1 are not effective.

Entropy coding of DC coefficients in the large-range DCT process uses a larger Huffman alphabet of up
to 20 symbols, but carries otherwise over from Rec. ITU-T T.81 | ISO/IEC 10918-1. Entropy coding of
AC coefficients in the large-range DCT scan pattern follows Figure D.3 and applies a modified encoding
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procedure for coefficients of magnitude category SSSS=16 and above. The magnitude category is
determined here according to Table D.3. The enlarged Huffman alphabet for AC coding for large-range

DCT coding is depicted in Figure D.4.

NOTE

Progressive DCT-bypass coding is not able to encode coefficients of magnitude category SSSS=16 that

can appear if the precision P of the residual frame equals 17. Similarly, regular progressive mode coding is not
able to represent samples of magnitude category SSSS=16 or above. This is because the Huffman symbol selection
according to Table D.3 in the legacy standard does not include the case SSSS=16 for the progressive DCT-bypass
mode, or alternatively, no free space is available in the Huffman alphabet that could encode such magnitudes.
The problem of having to code residuals of magnitude category SSSS=16 or above can be addressed, however,
by using one additional subsequent approximation scan, limiting the magnitude category to at most SSSS=15.
Alternatively, Residual Refinement scans can lower the required value of P and by that limit the maximum

applidable category, see also D.2 and D.6. Specifically, refinement scans can entirely eliminate the 1

range|DCT scans.

D.4 |Decoding of refinement scans in the DCT-bypass mode (normative)

Refinement decoding of DCT-bypassed error residual coefficients follows the algo
ISO/IEC 18477-6:2016, Annex D and thus closely resembles the procedure for a subseq

apply if Ss = 0, i.e. if the start of the spectral selectionis zero. Otherwise, decoding procq

ame modifications to subsequent successiveapproximation coding as in ISO/IEC 1

D.5 |Encoding of refinement scansiin the DCT-bypass mode (informative

Refinement encoding of DCT-bypassed error residual coefficients is defined by the flow

ITU-T T.81 | ISO/IEC 10918-1:1994; Figure G.7 and follows the same algorithm as def
ITU-T T.81 | ISO/IEC 10918-1:1994, G.1.2.3. This flowchart, however, is also applicabld

decodling includes the coefficientin the left top corner, thus the same modifications due to IS

6:2016, Annex D are in place. In addition, the following modifications apply to the encoding

[he DC encoding-step of the entire entropy decoding procedure specified in ISO/IEC 1
Annex D is skipped. That is, Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, G.1.2.1 is not effec

eed for large-

Fithm as in
lent scan in
he following

B477-6:2016,
[ effective.

and G.7 also
eds with the
B477-6:2016,

)

rhart in Rec.
ined in Rec.
if Ss=0, i.e.
D/IEC 18477-
process:

B477-6:2016,
tive.

and G.7 also

This document does not require encoders to select a specific frame precision P for residual coding,

provided all error residuals to be coded can be expressed with the bitrange indicated i

header. However, it is generally advisable to select P according to the final output bitdepths
as identified by 8+Rp, the number of Residual Refinement scans R, and the selection of

in the frame
of the image
the Residual

Transformation as specified by the Xt parameter of the Residual Transformation box. The value of Ry

is defined by the Output Conversion box specified in B.2 and the value of R is defined by
Refinement box. Table D.4 lists recommended choices.

NOTE

the Residual

The level shift of the DCT bypass specified in E.2 also depends on P. Selecting a P different from that

recommended in Table D.5 is not advisable since it results in a DC-offset that impacts coding performance.
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Table D.5 — Selection of the frame precision P for DCT-bypass frames

Value of Xt Recommended value for P of the DCT bypass

(Residual Transformation box, see Table B.7) frame header

4 (RCT) Rp+8-Rp+1
(Bit range is extended by one bit)
1 (Identity) Rp+8-Ry

all other values reserved for ITU | ISO/IEC

NOTE Even though the RCT extends the range of the error residuals by one bit, the sixteen magnitude
categories ddfined by Table D.3 are sufficient for DCT bypass coding since the RCT operates with-modulo
arithmetic.
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(normative)

Discrete cosine transformation

E.1 General

-8:2016(E)

a prefdictable coding error that can be compensated ferpy a residual codestream. The I

exactlly invertible, but has a higher implementation cemplexity. That is, the Integer DCT al
encodling even without a residual codestream. Unlike the Fixed Point DCT, the Integer [}
scalelits output.

The IDCT-bypass process disables the DCT completely and only performs a level shift on
that ils identical to the level shift of the Integer DCT. Disabling the DCT is only available as
the r¢sidual codestream, and there controlled by the Rdct parameter of the Residual DCT
box, 4ee B.9. Samples created by the.DCT bypass operation shall be coded by one of the DCT]
typeq specified in Annex D. Similai-to the Integer DCT, the DCT bypass does not scale its oy

ing an output

brmation. To
hted exactly.
. ITU-T T.81
[s its output
ITU-T T.81 |
done by the
Re.

gacy version
le, it causes
eger DCT is
ows lossless
CT does not

hll 64 inputs
an option in
bpecification
bypass scan
tput.

The dlgorithms specified in Anhex E replace the level shift, DCT and quantization procedures of Rec.

ITU-T T.81 | ISO/IEC 10918-1:1994, A.3.1 and F.2.1.5, A.3.3 and A.3.4 respectively, an
specified there shall beteplaced by the following algorithms and specifications.

E.2 [The DCEbypass process (normative)

The IDCT bypass process takes an 8x8 input block of decoded data produced by a decodij
specifiedinAnnex D S; x and generates from them output samples Y; k.

1 operations

g algorithm

— LUC(Ud C C UC C ],' C I\NIN -:' C I\NC d DT d U
multiply S;j x by Q7.7 the bottom-right entry of the quantization matrix Q defined in a
segment:

Rk = Sik*Q7,7

If the RNs flag of the Residual DCT Specification box (see B.9) is set, follow the n
algorithm specified in Annex G to compute R; x from Sj i.

Yi k= Rix + Sdc

The level shift value Sqc is defined by:

© ISO/IEC 2016 - All rights reserved
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oise-shaping

Second, level shift the value R k by Sqc to reconstruct the output value Yj x of the DCT Bypass process.
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Sdc=

2P+Rr-1

where Ry is the number of refinement scans in the residual decoding path and is found in the
Refinement Specification box and P is the bit precision of the residual codestream and defined in its
start-of-frame marker, see Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, Table B.2.

NOTE Th

e DCT Bypass process is never applied in the base coding path.

E.3 Fix Point DCT (normative)

E.3.1 Twodimensional inverse Fixed Point DCT (normative)

The Fixed P
from that i
generated b
ISO/IEC 109

ITU-T T.81 | [SO/IEC 10918-1:1994, A.3.1, F.1.1.3 and F.2.1.5 are included in the DCT algorithm spe
in E.3.2, thys additional level shifts as specified by the above in the legacy istandard shall n|
performed.
64 (al versions) 64
Level Shift
Figure E.1 — Fixed Point DCT inputs and outputs
The steps ofthe algorithms are as follows:

— Level-shlift the entropy decoded DC coefficient Qg,0 and scale all coefficients to the precision

decorre
ISO/IEC

X0,0

int DCT (Figure E.1) takes integer samples Q;; in the form of an 8x8 block, and-gerie
teger samples Yj; also organized in an 8x8 block. The input samples Qj; @re’ int
y dequantization and the entropy decoding procedure described in Rec¢ITU-T

ation transformation; this step implements the inverse DC level shift of Rec. ITU-T
10918-1:19944°A.3.1 and F.2.1.5 as part of the DCT transformation. For that, set:

24*(Qo0:+/Sdc*23);

rates
egers
.81 |

18-1, the output samples Yj; are integer values as well. The DC level shift specified in Rec.

rified
ot be

bf the
.81 |

Xij

The values o

Sdc

*Qy;  for (i,j)#(0,0).

f Sgc shall be given by

28+Rh--1

where Ry, is the number of refinement scans in the base image as defined by the Refinement Specification

box. If this b

— bys

42

ox is not present, the inferred value of Ry, shall be 0.

Run a one dimensional inverse Fixed Point DCT process over all rows of the 8x8 block

etting Ax=X) x where k is the column and | is the row index;
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— following the procedure of the one-dimensional inverse Fixed Point DCT process specified in

E.3.2 taking the vector A as input and generating the vector B as output;

— backwards scaling B and generating one row of the 8x8 block Z from B

Bk+28)/29

L1k =

— repeating the above steps for all rows 1€[0,7].

— Run a one-dimensional inverse Fixed Point DCT process over all columns of the 8x8 block

NOTE
imple

E.3.2

A ong
Point

— by setting Ap=7 ; where jis the column and k is the row index;

- following the procedure of the one-dimensional DCT specified in E.3.2 proees
vector A as input and generating the vector B as output;

Yk,j - [(Bk + 28+3) / 29+3j
- repeating the above steps for all columns j€[0,7].

The DCT process defined in E.3.1 is designed such that 32-bit wide variables are
ent all steps for h<4, i.e. for at most 12-bit sample precision without causing overflows.

One dimensional inverse Fixed Point DCT (hormative)

-dimensional inverse Fixed Point DCT processtis a building block of the two-dimen
DCT defined in E.3.1. It takes an eight-dimensional vector Ak of integer numbers 3

5 taking the

- backwards scaling the output B and inserting this as one column into the output matrix Y

sufficient to

sional Fixed
s input, and

generates an eight-dimensional vector By of integer numbers as output.
— SetZ; = (Ax+Ag) * 277

— SetT; = Z1 - A * 946

— SetT3 = Z1+Az*392

— SetTy = (Ap+Ag)®512

— SetTy = (Ap=Ay) * 512

— JetTyp = To+ T3

— JetTiz & To-Ts

— et Tien= T1+ T

— YetTy2 = T1-T»

— SetZ4 = A7 + A3

— SetZs = As +Aq

— SetZe = (Z4 +Zs) * 602

— SetZy = (A7 +Aq) *-461

— SetZg = (A5 + Az) *-1312

— SetZog = Z4*-1004 + Zg

— SetZip = Zs5*-200 +7Z6

— SetT3g = A7 *153 +Z7+7Z9
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— SetTs3q = As5*1051 + Zg + Z19

— SetTs32 = A3 *1573 +7Zg+7Zg
— SetTs3 = A1*769 +7Z7+ 710
— Set By = T10+ T33

— SetBy = T10-T33

— SetBq = T11+ T32

— SetBg = T44=T35

— SetBy = T12+T31

— SetBs = T12-T31

— SetB3 = T13+ T30

— SetBgs = T13-T3o0

NOTE THis algorithm implements an (unscaled) one-dimensional DCT transformation that is, by

not exactly ir
residuals bety

E.4 Integ

E.4.1 Twa

The Integer
the Integer [l
the result is
does not req
component ¢
the RCT.

The steps of

Dequant

Quv frox
implems

Ruv

Level-shift the DC coefficient Qg o; this step implements the inverse DC level shift of Rec. ITU-]

vertible. The lossless process will correct errors from the forwards transformation by end
veen this DCT and the ideal transformation in a residual scan.

er DCT (normative)

dimensional Inverse Integer DCT (normative)

DCT is an integer to integer DCT that is,.unlike the Fixed Point DCT, exactly inverti
CT is combined with the inverse identity transformation as decorrelation transform
a completely lossless image coding;eompatible to Rec. ITU-T T.81 | ISO/IEC 10918-]
uire a residual coding pass. However, its compression performance is, due to a lac
ecorrelation transformation, worse than that of Fixed Point DCT plus residual coding

the algorithms are as fdllows:

ize the entropy-decaded coefficients S,y by multiplying them with the quantization ny
h the DQT marker’ segment generating the dequantized DCT coefficients Ryy. This
nts Rec. ITU-T F81 | ISO/IEC 10918-1:1994, A.3.4.

SUV*QUV

itself,
oding

ble. If
htion,
| that
k of a
with

latrix
step

' T.81

| 1SO/IE

[ 10918-1:1994, A.3.1 and F.2.1.5 as part of the DCT transformation. For that, set:

X0,0
Xi,]'

=Qo,0 + Sdc*23

=Qi; for (i,j)#(0,0)

where the value of Sy is specified by Table E.1 and depends on whether the DCT is applied in the
base or residual coding path.

— set Ax=X]x where |l is the row and k is the column index;

vector A as input and generating the vector B as output;

44

place the output into row | of the intermediate output matrix Z
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Z1x = Bk (k=0..7)
— repeat the above steps for all rows 1€[0,7].
Run a one-dimensional Integer DCT of E.4.2 over all columns of the 8x8 block

— by setting Ax=Zj where k is the row and j is the column index;

as input and generating the vector B as output;

— place the output vector B of this process unscaled into the output matrix Y

-8:2016(E)

following the procedure of the one-dimensional integer DCT process of E.4.1 taking the vector A

Yk,j = Bk (k=0..7)
—+ Repeating the above steps for all columns j€[0,7].

The result of this step is the inversely transformed signal.

Integer DCT applied in Value of Sqc
Legacy coding path 28+Rh-1
Residual coding path 2P+Rr-1

In Taple E.1, Ry is the number of refinement coding passes indicated in the Refinement

Table E.1 — Level shift value foxrthe IDCT

box,
and

specified in Rec. ITU-T T.81 | ISO/IEC 10918+*1:1994, Table B.2. If the Refinement Specificati
presgnt and hence refinement scans are'not used, the inferred values of Ry and Ry, shall be

E.4.
The

to an|output vector B of 8 integers. The transformation requires additional multiplication|

tanq
step

Ry is the number of residual refinement coding passes defined in ISO/IEC 18477-3:2(
H is the bit precision indicated in the frame header of the residual codestream. The fra

4 One dimensional Inverse Integer DCT (normative)

dne-dimensional inversé. integer DCT takes an input vector A of eight integers and tra

bpecification
15, Annex B
me header is
on box is not
D.

nsforms this
steps pmul_
he following

through pmul_tapg and pmul_sin; through pmul_sing that are specified in E4.3. T
s|shall be perfonmed unaltered to ensure lossless reconstruction:
Set Zoo = Ag
Set Zco = A1
SetZ1 = A
SetZq = -A3
Set Z1p = -Ay
SetZ11 = -Ag
SetZc2 = A7
Set Zp = As—pmul_tany(Z1)

Set Z¢3 = Z1+pmul_sina(Zo)
SetZ¢1 = Zo-pmul_tans(Zc3)
SetZoo = Z0-pmul_tans(Z1o)

© ISO/IEC 2016 - All rights reserved
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SetZpq
SetZp1
Set Zp2
Set Zpo
Set Zp2
SetZq
SetZco
SetZzq
Set Zyg
SetZco
SetZc3
SetZ1o
SetZ11
Set Zogo
SetZoq
Set X,
Set Xg
Set Xy
Set X5
SetZp2
Set Zpo
Set X3
Set Xp
Set Zp3
SetZp1
Set X7
Set X4
Set Xy
Set Xp
Set By
Set Bg
Set X5
Set X4

Z1-pmul_tanz(Z11)
Z10+pmul_sing(Zoo)
Z11+pmul_siny(Zo1)
Zoo—-pmul_tans(Zp1)
Zo1-pmul_tanz(Zp3)
Ze1

7 o—nmul tan. (7
=“LCU —

Zc1+pmul_sing(Zco)
Zco-pmul_tana(Zz1)
Lc2
Zc3-pmul_tang(Zcp)
Zcp+pmul_sing(Z¢3)
Zc3—-pmul_tang(Z10)
Z20-pmul_tani(Z1o)
Z21-pmul_tan3(Z11)
Z10+pmul_sing(Zoo)
Z11+pmul_sinz(Zo1)
Zoo—pmul_tan1(X7)
Zo1—-pmul_tanz(Xg)
-Zp2
Zpo-pmul_tanz(Zpy)
Zpz+pmul sing(Zpo)
Zpo=pmul_tang(X3)
b3

Zp1-pmul_tana(Zp3)

Zp3rpmut—sinz{Zp)
Zp1-pmul_tang(X>7)
Xa
Xo—pmul_tang(X4)
Xg+pmul_sing(Xo)
Xo—pmul_tang(B7)
Xs

X1-pmul_tans(Xs)
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— SetBg = X5+pmul_sing(X1)
— SetBq = X1-pmul_tang(Be)
— SetXp = X6

— SetXpy = Xo—pmul_tany(Xe)
— SetBs = Xe+pmul_sing(X7)
— SetB» = X2—-pmul_tang(Bs)
—  SetXz = =

— SetX3 = X3-pmul_tang(X7)
— SetBs = X7+pmul_sing(X3)
— SetBs3 = X3-pmul_tang(B4)

E.4.3 Multiplication steps of the Integer DCT

E.4.3

1 General

Eightimultiplication steps are required by the IDCT algorithm specified in E.4.2. Each of the ]

steps|

implements an approximation of a multiplication ofitS.input value X by a trigonomet

ultiplication
ric constant,

returjning an output value Y. Implementations shall folloiw the specified steps exactly to a||llow lossless
recor]struction of the image. Note that the division by{powers of 2 plus round-down can be i
by right-shifts, and multiplications by powers of 2 ¢an be implemented by left-shifts.

E.4.3

2 Specification of pmul_tanq

An approximation of the multiplication.ofjts input value X by tan(m/32), returning an outy

speci

— SetT

— SetY

E.4.3

fied as:

X+2*X

(T+24*X+27*T+211)/212

3 Specification of pmul_tan;

An approximatioh-of the multiplication of its input value X by tan(m/16), returning an out

speci

fied as:

— ety = Kzﬁ*x-z‘**x-ng*X+29*X+2“)/212j

E.4.3

mplemented

ut value Y is

ut value Y is

4 Specification of pmul_tan3

An approximation of the multiplication of its input value X by tan(3m/32), returning an output value Y
is specified as:

— SetT

— SetY

X+2*X

(T+23*T+26*T+21°*X+211)/212
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E.4.3.5 Specification of pmul_tans

An approximation of the multiplication of its input value X by tan(m/8), returning an output value Y is
specified as:

— SetY

(X+25*X+27*X+29*X+21°*X+211)/212‘

E.4.3.6 Specification of pmul_sin

An approximation of the multiplication of its input value X by sin(m/16), returning an output value Y is
specified as:

— SetY = [(ZS*X-X+28*X+29*X+211)/212J

E.4.3.7 Specification of pmul_siny

An approximation of the multiplication of its input value X by sin(m/8), returning an ‘output value Y is
specified as:

— SetY =

(25*><-><+29*X+21°*X+211)/212

E.4.3.8 Specification of pmul_sin3

An approximation of the multiplication of its input value X by sin{3m/16), returning an output valye Y is
specified as:

— Sety | = (27 X2 F X+ 22 = X4 2 e X 21|20

E.4.3.9 Specification of pmul_sin3

An approxinpation of the multiplication of its_input value X by sin(m/4), returning an output value Y is
specified as:

— SetT X+22*X

— SetY

(24*X+26*T+29*T+211)/212

E.5 The forward DCT bypass process (informative)

The forward DCT bypdss process takes an 8x8 input block of source signals Yj x and generates frjom it
output samplles S; x-that are level-shifted by Sqc and quantized The generated values then form thelinput
of the entropy eoding algorithm specified in Annex D. The DC shiftis as in E.2.

— First levet-shiftthe data by Sqg, WHeTe Sqc 15 Specified imE-2
Rix = Yik — Sdc

— Second, quantize the data Rjx. If the RNs flag of the Residual DCT box is not set, quantization is
performed by division of R by Q77 where Q is the quantization matrix defined by a DQT marker
segment:

Six = R, /Q,,+0,5]

— If the RNs flag of the Residual DCT box is set, follow the Noise Shaping Procedure of Annex G to
compute the coefficients Sjk
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