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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. |

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

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

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

planation on the meaning of ISO specific terms and expressions related to conformity assessment,
s information about ISO’s adherence to the World Trade Organization (WTO) principles in thie
1l Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.

mittee responsible for this document is ISO/IECTC 1, Information technology, SC29, Coding df
cture, multimedia and hypermedia informatian;

all parts in the ISO 18477 series, published under the general title Information technology —
compression and coding of continuousitone still images, can be found on the ISO website.

© ISO/IEC 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=b867d210d498f6a15b9db448c606c772

ISO/IEC 18477-8:2016(E)

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 o 0 3477-1; the codestream is composed in h a way that lega applications
donforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 are able to reconstruct a lossy, low dynam]c range,
d bits per sample version of the image.

loday, the most widely used digital photography format, a minimal implementation @fJPEG (4pecified
in Rec. ITU-T T.81 | ISO/IEC 10918-1), uses a bit depth of 8; each of the three channels that fogether
dompose an image pixel is represented by 8 bits, providing 256 representable values per channel.
Hor more demanding applications, it is not uncommon to use a bit depth;,of'16, providing 65 536
epresentable values to describe each channel within a pixel, resulting in gver 2.8 x 1014 repregentable
dolour values. In some less common scenarios, even greater bit depths are used, requiring a floating-
doint sample representation.

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

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

this part of JPEG XT is primarily designed t@éncode intermediate or high dynamic image sample values
ithout loss, or with a precisely controlable bounded loss using the tools defined in ISO/IEC 18477-
and some minimal extensions of these tools. The goal is to provide a backwards compatible coding
specification that allows legacy .applications and existing toolchains to continue to opdrate on
dqodestreams conforming to this document.

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

aving a small coding complexity; JPEG XT uses, whenever possible, functional blocks of Rec. ITU-T T.81
[{ISO/IEC 10918-1 to extend the functionality of the legacy JPEG Coding System. It is optinjized for
sforage and transmission of intermediate and high dynamic range and wide colour gamut §- to 16-
it integer or 16¢/bitfloating point images while also enabling low-complexity encoder and [decoder
inplementations:

[his document is an extension of ISO/IEC 18477-1, a compression system for continuous tong digital
sitill images which is backwards compatible with Rec. ITU-T T.81 | ISO/IEC 10918-1. That i$, legacy
applications conforming to Rec. ITU-T T.81 | ISO/IEC 10918-1 will be able to reconstruct [streams
generated by an encoder conforming to this document, though will possibly not be able to recpnstruct

Siuch e U d akaliaa --:- U ahika a A avh a

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
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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

—

his document specifies a coding format, referred to as JPEG XT, which is désigned prim
dontinuous-tone photographic content.

2 Normative references

—

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

Q

]

5O/IEC 18477-1:2015, Information technology — ScalablecCompression and coding of continuous-
mages — Part 1: Scalable compression and coding of continuous-tone still images

~.

]

50/1EC 18477-3:2015, Information technology — Scalable compression and coding of continuous-
mages — Part 3: Box file format

~.

p—

5O/1EC 18477-6:2016, Information technolelgy — Scalable compression and coding of continy
{ill images — Part 6: IDR Integer Coding

N

]

50/1EC 18477-7:2016, Information technology — Scalable compression and coding of continuous-
mages — Part 7: HDR Floating-Point.Coding

~.

]

[U-T T.81 | ISO/IEC 10918:TyInformation technology — Digital compression and coding of co
bne still images — Requirefents and guidelines

—_— 4

[U-T BT.601,Studio encoding parameters of digital television for standard 4:3 and wide scr
spect ratios

S

3 Terms,definitions, symbols and abbreviated terms

3.1 Terms and definitions

hrily for

content
lies. For
applies.
tone still
tone still
ous-tone
tone still

ntinuous

cen 16:9

v w]

or’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 im
collectid
and the

3.1.5
block
8x8 arrg

3.1.6
box
structur
multiple

Note 1 to

3.1.7
byte
group of

3.1.8
coding
encodin

3.1.9
coding |
general

3.1.10
compre
reductid

3.1.11
compor
two-din

Note 1 to

3.1.12

age
n of sample values obtained by entropy decoding the DCT coefficients of the legacy codestream
Fefinement codestream, and inversely DCT transforming them jointly

y of samples or an 8x8 array of DCT coefficient values of one component

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

—

entry: See ISO/IEC 18477-3:2015, Annex B for the definition of ba%es.

8 bits

b or decoding

hrocess
reference to an encoding process, a'decoding process, or both

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

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

entry: Atnimage typically consists of several components, e.g. red, green and blue.

continujous-tone image

image whose components have more than one bit per sample

3.1.13

DC coefficient

DCT coe
3.1.14

fficient for which the frequency is zero in both dimensions

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

DCT coe

fficient, or to a dequantized DCT coefficient

© 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

ihverse procedure to quantization by which the decoder recovers a representation of.{
pefficients

Q

3.1.18

discrete cosine transform

DCT

dither the forward discrete cosine transform or the inverse discrete cosine transform

3.1.19

downsampling

drocedure by which the spatial resolution of a component is reduced
3

e

e

1.20
ncoder
mbodiment of an encoding process

A1.21
ncoding process
rocess which takes as its input a continuous-toneimage and outputs compressed image data

1.22
ntropy decoder
mbodiment of an entropy decoding preéédure

D D = 0

1.23

ntropy decoding

pssless procedure which recevers the sequence of symbols from the sequence of bits produce
ntropy encoder

@ — D

(%]

1.24
ntropy encoder
mbodiment of amentropy encoding procedure

D 0D

1.25

ntropy encoding

pssless.procedure which converts a sequence of input symbols into a sequence of bits such
verage-number of bits per symbol approaches the entropy of the input symbols

O = D

126

extension image
residual image

he DCT

d by the

that the

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
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3.1.28

forward DCT bypass

transfor
discrete

3.1.29

mation that takes an 8x8 sample block and prepares it for entropy coding without applying a
cosine transformation

forward fixed point DCT

transfor

mation 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 integer DCT

transfor
integer :

3.1.31

inverse
transfor]
without

3.1.32

inverse
transfor]
point ar

3.1.33

inverse
the tran
integer d

3.1.34
frequen
two-din

[SOURC]

3.1.35
high dy
HDR
image o

3.1.36
Huffma
entropy

3.1.37
interme
image o

mation of an 8x8 sample block from the spatial domain to the frequency domain uSing the
ipproximation of the discrete cosine transformation as specified in Annex E

DCT bypass
mation that takes an 8x8 sample block as generated by entropy decoding and level-shifts
applying a discrete cosine transformation

[

fixed point DCT
mation of an 8x8 sample block from the frequency domain to thejspatial domain using the fixe
thmetic as specified in Annex E

=

integer DCT
sformation of an 8x8 sample block from the frequency domain to the spatial domain using thie
ipproximation of the discrete cosine transformation as specified in Annex E

cy
ensional index into the two-dimensionalarray of DCT coefficients

: ISO/IEC 10918-1:1994, 3.1.61]

hamic range

' image data comprised of more than eight bits per sample

n encoding
encoding proCedure which assigns a variable length code to each input symbol

diatedynamic range
 image data comprised of more than eight bits per sample

3.1.38
joint ph
JPEG

otographic experts group

informal name of the committee which created this document

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

© ISO/IEC 2016 - All rights reserved
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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 dprnding process rnnfm'ming to Rec ITI-T T.81 | ISQO/IEC 10918-1, confined to the

1pssy DCT process and the baseline, sequential or progressive modes, decoding at most four cgnlponents
b eight bits per component

=

3141

lpssless
gncoding and decoding processes and procedures in which the output of the degoding procedure(s) is
iflentical to the input to the encoding procedure(s)

3.1.42

lpssless coding
mode of operation which refers to any one of the coding processes defined in ISO/IEC 18477-8 |n which
Il of the procedures are lossless

1.43

1.44

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

1.46
arker segment
arker together with(its associated set of parameters

bnts and

€ Same sample coordainates, e.g. a

p g
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
quantiz

ation value

integer value used in the quantization procedure

3.1.53
quantiz

act of pgrforming the quantization procedure for a DCT coefficient

3.1.54

residual decoding path

collectidn of operations applied to the entropy coded data contained in the residual data box an
residualjrefinement scan boxes up to the point where this data is merged with the legacy\data to forr
the final output image

3.1.55

residuall image

sample Y
entropy

3.1.56

residuall scan

addition
multipli
colour g

3.1.57
refinem
addition
significg

Note 1 to

3.1.58
sample

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

3.1.59
sample
commoj|

Note 1t
increase

3.1.60

e

= ="

ralues as reconstructed by inverse quantization and inverse DCT transformation applied to thie
decoded coefficients described by the residual scan and residual refinement scans

al pass over the image data invisible to legacy decoders which provides additive and/qr
Cative correction data of the legacy scans to allow reproduction of high-dynamic range or wide
hmut data

ent scan
al pass over the image data invisible te'legacy decoders which provides additional leas
nt bits to extend the precision of the D€P transformed coefficients

(s

entry: Refinement scans can be eithetsapplied in the legacy or residual decoding path.

orid
coordinate systém for all samples of an image

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

superbo¢x

box that

3.1.61
sub box
box that

3.1.62

carries other boxes as payload data

is contained as payload data within a superbox

uniform quantization

procedu

re by which DCT coefficients are linearly scaled in order to achieve compression

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

016(E)

e image,
utput of

1t of the
e header

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

Sj,x subsampling factor of componenti in horizontal direction

Sy subsampling factor of component i in vertical direction

Hi subsampling indicator of component i in the frame header

Vi subsampling indicator of component i in the frame header

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

Hn additional number of DCT coefficients bits represented®y refinement scans in the bas
8+Ry, is the number of non-fractional bits (i.e. bits infront of the “binary dot”) of the ¢
the inverse DCT process in the base image

2 additional number of DCT coefficients bits represented by refinement scans in the residyal, P+Ry,
is the number of non-fractional bits (i.e. bifs in front of the “binary dot”) of the outp
inverse DCT process in the residual image:where P is the bitdepth indicated in the fram
of the residual codestream

Hp additional bits in the HDR image~8+Rb is the sample precision of the reconstructed HD

3.3 Abbreviated terms

R image

ASCII  American Standard €ode for Information Interchange
[{SB least significant bit

NISB most signifigant bit

TMO tone.mapping operator

OCcT discrete cosine transformation

HCT fixed point multi-component transformation

[CT irreversible multi-component transformation

RCT 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
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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

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

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

4.2.2 Logical operators

Il logical OR

&& logical AND

! logical NOT

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

4.2.3 Relational operators

> greater than

>= greater than or equal to
< less than

<= less than ar'gqual to

== equalte

I= notequal to

4_ 2 4 | | £ 4
nkein ITLTUTIILT UTUcCI Urvpcratul s

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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*/ multiplication left to right
umod, smod modulo (remainder) left to right
+ - addition and subtraction left to right
<, >, <=, >= relational left to right

4.2.5 Mathematical functions

016(E)

¥

M floor of x: returns the largest integer that is lesser than or equalto x

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

sfign(x) sign of x, 0 if x is zero, +1 if X is positive, -1 if x is negatjve
damp(x,min,max) clamps x to the range [min,max]: returns min if x <in, max if x > max or oth
X raises the value of x to the power of a: x is@ hon-negative real number, a

La

(lause 5 gives an informative overview of.the elements specified in this document. It also inf
many of the terms which are defined in Clause 3. These terms are printed in italics upon first
(lause 5.

There are three elements specifiédjin this document:

d) An encoder is an embodiment of an encoding process. An encoder takes as input digital sour|
data and encoder specifications and, by means of a specified set of procedures, generates a
codestream.

H) A decoder is annembodiment of a decoding process. A decoder takes as input a codestream
means of aspecified set of procedures, generates as output digital reconstructed image datq.

d The codestream is a compressed image data representation, which includes all necessary

.1 General definitions

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

number; x2 is equal to exp(a*log(x)) where exp is the exponential func
log() the natural logarithm; if x is 0 and a is positive, x2 is defined to be

General

allowra/(full or approximate) reconstruction of the sample values of a digital image. Additid
might be required that define the interpretation of the sample data, such as colour spad
spatial dimensions of the samples.

erwise x

is areal
tion and
)

roduces
usage in

re Image

S output

and, by

r data to
nal data
e or the

5.2 Overview of ISO/IEC 18477-8

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.

© ISO/IEC 2016 - All rights reserved
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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

Base
Mapping

Residual
Decorrelation

Residual
Mapping

Rpsidual Image
Decoder

Figure I:=— Overview of the decoding process

To allow lossless and near-lossless coding, this document provides a stricter definition of two elements
of the re¢construction process defined in Rec. ITU-T T.81 | ISO/IEC 10918-1 and ISO/IEC 18477-1. The
DCT profess, only looselydefined in an implementation-agnostic way in Rec. ITU-T T.81 | ISO/IEC 10918
1 is replaced by strictly defined algorithms (specified in Annex E) that a conforming decoder shall
follow. Not followifig-these steps will compromise lossless reconstruction. Annex C replaces the IC[
transforjmation by/a precise fixed-point implementation denoted as FCT operating entirely on integgr

S

S

samples| and thus allowing a fully reproducible transformation conforming decoders shall follow 4
well. Agpin), deriving from the spec1f1cat10ns of the FCT spec1f1ed in Annex C will compromlse lossles
coding. The e ex
DCT in Rec ITU-TT. 81 | ISO/IEC 10918 1 and the ICT in ISO/IEC 18477 1 and approx1mate them w1th1n
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

o-theregitar{baseline e or-progressiverHuffman-sean-types-speeified-inRee~F4;T T.81 |
IBO/IEC 10918-1. Since all coefficients are now error residuals in the spatial domain, ,the| natural
distinction between DC and AC coefficients no longer applies. This means that the special,rolg the DC
doefficient has in the Rec. ITU-T T.81 | ISO/IEC 10918-1 decoding procedure is no longerjustified. The
esidual scan type thus extends the AC decoding procedure to the top-left coefficient’of an 8x8 block
hile keeping everything else unchanged. It is thus only a very minor modification of the decoding
drocess specified in Rec. ITU-T T.81 | ISO/IEC 10918-1 that improves the codihg efficiency|of DCT-
Hypassed coded error residuals.

If the DCT is bypassed, quantization in the residual domain may cause ringing and stair-casing grtifacts.
Juch artifacts can be eliminated by the Noise Shaping algorithm spec(ified in Annex G.

lo decorrelate the components of the additive error residuals, Aianex C specifies an additional lossless
domponent decorrelation transformation denoted as the RCT It\is related, but not identical, to[the RCT
df Rec. ITU-T T.801 | ISO/IEC 15444-1.

[he decoding procedure of this document is otherwise closely related to that of ISO/IEC 18477-6:
egacy codestream and refinement scans in the Refinement box form the DCT coefficients of the base

age. The image is dequantized and then processedby either the Fixed Point DCT or the Integ¢r DCT. A
ulti-component decorrelation transformation, the Identity, the scaled identity, the FCT or a fiee-form
integer transformation follows. The output of:this process is optionally processed by a non-lingar point
transformation selected by the Base Non-linear Point Transformation box. The output of this ptrocess is
dalled the precursor image.

age reconstruction proceeds .with the entropy decoding of the residual image, if [present,
gncapsulated by the Residual Data)box and the Residual Refinement box, both of which also gpecified
in ISO/IEC 18477-6:2016, Annex-B. Data is dequantized and either processed through the Integer DCT,
dr the DCT bypass process-specified in Annex E. The DCT bypass process requires residual data to be
gncoded in the residual’scan type of Annex D. Output of this data is then linearly scaled to [range, if
equired, and inversely-decorrelated either by the RCT or an identity transformation. The error residuals
dre finally added ta-the precursor image, and modulo arithmetic is used in the addition to ¢nsure a
final reconstruction*value in range. If the encoded data is floating point, the lossless conversjon from
floating pointto.integer specified in ISO/IEC 18477-7:2016, Annex D completes decoding, otherwise the
sjum of residual and precursor image is already the final output.

Hor the-detailed specification of the decoding and merging process, see Annex A.

.30 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

a) may convert a codestream conforming to this document without considering the information
in ajny box into to a low dynamic range image;

=

b) shall convert a conforming codestream within the profile it claims to be conformingto into a
intefmediate dynamic range image to exactly the same sample values as the reférence decods
spegified in ISO/IEC 18477-51. Additional details on reference testing and allowadble error bound
are ppecified in ISO/IEC 18477-41).

wn =

1) Under preparation.
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Annex A
(normative)

Encoding and decoding process

o

1.1 Decoding process (normative)

50/IEC 10918-1 process. The encoder decomposes an IDR or HDR image into a base layer, which

he codestream includes a description of an approximate inverse tone mappingoperation th3

hus supports only the 8-bit extended or baseline, extended or pragressive Huffman modes, the

he residual scan type of Annex D bypassing the inverse DCT.

ol

igure 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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he decoding process relies on a layered approach to extend the capabilities of the Rec. ITUIT T.81 |

consists

f a tone-mapped version of the IDR/HDR image, and a residual layer. In additionto.the residyal layer,

t allows

he decoder to reconstruct from the LDR image an approximate IDR/HDR imlage denoted as precursor
mage. The errors of this approximation process, if any, are corrected by the residual codestream
hcluded in the residual data box and residual refinement box (see Annex'B). Both the descriptipn of the
bne mapping and the residual image are included in boxes invisible fo)legacy decoders. Such decoders
/ill thus only see the tone mapped LDR image. While the base image complies to ISO/IEC 184} 7-1 and

residual

mage may optionally be encoded in the 12-bit Huffman or pfegressive modes and may optionally use

mage

DR Image

ut

B10
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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 sfep BIb, apply Inverse Quantization as specified In Rec. ITU-T T.8T [ TSU/TEC TO9T3-T.

In dtep Blc, apply Inverse Discrete Cosine Transformation. The inverse DCT process is(eithg
the [Integer DCT or the Fixed Point DCT of Annex E, and the DCT process is selected by thée DC
Sperification box specified in Annex B.

==

—_—

In step B2, the upsampling process specified in Annex F shall be followed to generate’samples for a
positions on the sample grid.

In step B3 the linear transformation, as selected by the Base Transformation box defined i
Anrlex B, shall be applied to inversely decorrelate the image components;Table B.1 defines whic
trar{sformation to pick. The output of this block consists of either ane or three samples per gri
point Oj, depending on the number of components in the legacy cedestream. The output of thi
trarsformation is rounded to integers and clipped to [0,255].

[ZE="R==)

In skep B4, a non-linear point transformation shall be applied“to each of the output components
0;. This process is selected according to the Base non-linear Point Transformation subbox of thie
Merjging Specification box, implementing the L; Luts of Anniex C and following the specifications qf
ISO/IEC 18477-3:2015, Annex C. The outputs of this.process are the predicted high dynamic range
samples J;. As above, i=1..Nf.

Alsq in step B4, an integer colour transformation is applied to the input values J; resulting in t
output pixel values Hj. The transformation is,selected by the Colour Transformation subbox of t
Merjging Specification box, which selects.oné of the transformations defined in Annex C. If Nf equal
1, np transformation is performed.

[72)

In sfeps B5 and B5a, the residual image shall be reconstructed from the data contained in t
Res]dual Codestream box and-the 'Residual Refinement box. The codestream contained in this b
either follows the specifications defined in Rec. ITU-T T.81 | ISO/IEC 10918-1 or is encoded in t
residual scan specified in Annex D. If a Residual Refinement box is present, the precision of t
samples of the residuat.cedestream shall be extended by refinement coding as specified in Annej
D of{this document andISO/IEC 18477-6:2016, Annex D. The number of components of the residus
image shall be equal)to the number of components signalled in the base image.

— X}

—_—

In step B5b, Iny€rse Quantization is performed. If the DCT bypass operation is selected, an optiong
Noige Shaping process is applied to the reconstructed coefficients. Noise shaping is specified i
Annex G\ Otherwise, the Inverse Quantization procedure of Rec. ITU-T T.81 | ISO/IEC 10918+
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
grid point.

— In step B8, an inverse colour decorrelation shall be applied to the Pj 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 suphpx of the
Merging Specification box defined in Annex B. For this, compute

Fi = I—I1 + Qi_sz+8_1 umod 2Rb+8

-+ If the Oc flag of the Output Conversion box is set, the values Fj shall be conyerted to floating point
by the algorithm specified in ISO/IEC 18477-7:2016, Annex D. OtherwiSe;the F; are alr¢ady the
final output.

NS

1.2 Encoding process (informative)

ocument does not define a normative encoding process. Any ‘encoding process that generates a file
brmat that is compliant to this document is acceptable asdeng as this file format reconstructs to the
hput image feed into the encoder without loss for lossléss coding, or with a loss that is wjithin an
cceptable error bound defined by ISO/IEC 18477-42),

QO = =n o,

owever, for the sake of clarity, a possible encoder mechanism will be described in this|section.
he encoder depicted in Figure A.2 first estimiates a suitable inverse tonemapping from the input
mage and suitable image parameters, or two input images if desired. This inverse tonemapping
b encoded in an Integer Table Lookup box;~and the Base non-linear Point Transformation bgx of the
erging Specification box points to the(Table Lookup box. The Colour Transformation box gnd Base
[ransformation box select a suitable transformation from the IDR colour space and the colour|space of
legacy JPEG applications, which is given by Rec. ITU-T BT.601. Depending on the desired coloulr spaces
and compression performance, the' Colour Transformation box may be dropped signalling an|identity
transformation in the IDR coleurspace.

e

Hrocessing of data is now performed as follows: Input IDR data is first transformed into an alternative
dolourspace by the inverse’of the linear decorrelation given by the Colour Transformation box, if[present.
(Jlomputation of thedinverse matrix is up to the encoder. Data is then clamped to range if ngcessary,
and an inverse of’the nonlinear point transformation lookup process, given by ISO/IEC 18477%-3:2015,
Annex C is applied. As above, computing an approximate inverse of the table lookup or paramettic curve
i$ up to the encoder and not specified by this document.

[he output of this process is decorrelated by the inverse of the base correlation matrix, computing
samples-in the YCbCr colourspace. The inverse of the Base Transformation is again compguted by
theencoder and not signalled; only the transformation matrix for the decoder process is |ncluded
i re—codestream—if—differen of—tre araate sEr—toR ansfermation—Theoutputs of this
decorrelation process are first clamped to range, then subsampled if desired and transformed by the
Fixed Point DCT, quantized and encoded.

18 € vjviw atl v ete S v v oD

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 residup over-nor-transtormed—coetficientsusines -bitraneeor-anintegerb sHewrerd
by a 12-bit extended Huffman scan plus a 4-bit residual scan. For near-lossless coding, prediction ertox|s
are quantized and the bit depth is determined by the residual non-linear point transformation.

OV O a O C Cl v =G, 01 » O110

Because|the encoder predicts the image a reference decoder will reconstruct from the base layer inpyt
codestrg¢am, implementation freedom exists in the choice of the forwards DCT and forwards colour
transforjmation. Selecting a DCT or decorrelation transformation that deviates from thexdescription ip
this standard will still enable a standard conforming decoder to reconstruct the image without loss.
Deviatinjg from the informative encoder specifications will, at worst, enlarge thejerror residual and
thus lower the coding efficiency, though will not impact the faithful reconstruction of the image.

\ \ Forward Quan-

LDR | > FCT tization
Inverse Inverse

'”T"I\‘jlrge FCT Fixed Pt. Quan-

O DCT tization

Quan-
tization

Forward
RCT

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

/\
™
N

O
O\\‘o

Figure A.3 — High level overview of the eq{}&evel encoder
®)

NOTE All operations have to be implemented as given for 10decoding, no implementation freedd
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Annex B
(normative)

Boxes

B.1 General

Annex B selects and refines a subset of the boxes defined in ISO/IEC 18477-3 for the purpose of lossleds
and nedr-lossless coding of intermediate and high dynamic range images. It lists thgseCboxes qf
ISO/IEC[18477-3 that are required for this document. All other boxes are optional and itsinterpretatiop
is outside the scope of this document. Other parts of ISO/IEC 18477 or other standardsymay define their
meaning, and decoders conforming to this document may ignore them.

Table B.[ lists the boxes required in this document that are paired with ISO/IE€ 18477-3. Some of thie
boxes rgquire additional specifications that are listed in subsequent clauses gf\Ahnex B.

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

Box Name

Box Type

Further definitions in which sub-
clause of this ISO/IEC 18477-8

File Type box

0x66747970 (“ftyp”)

Legpcy Data Checksum box

0x4C43484B (“LCHK’)

Residual Data box

0x52455349 (“RESI”)

Relsidual Refinement box

0x5246494e[“RFIN”)

Refinement Data box

0x46494e45 (“FINE”)

Mefging Specification box

0x53504543 (“SPEC”)

Harametric Curve box

0x43555256 (“CURV”)

Integer Table Lookup box

0x544f4e45 (“TONE”)

Fix-poinf Linear Transformation box

0x4D545258 (“MTRX”)

Output Conversion box 0x4F434F4E (“OCON”) B.2
Refimement Specification box 0x52535043 (“RSPC”)
Base N@n-linear Point Transforma- 0x4C505453 (“LPTS”) B.3
tjon Specification-box
Residuall Non-linear Point Transfor- 0x5152505453 (“QPTS”) B.4
mation Specification box
Bape Transformation box 0x4C545246 (“LTRF”) B.5
ResilualTransformation box 0x52545246 (“RTRE”) B.6
ColdurAransformation box 0x43545246 (“CTRE") B.7
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 OQutput Conversion hox

Parameter Constraints within Meaning
ISO/IEC 18477-8
Rp 0..8 Number of additional bits ayvailable

for high or intermediate dynamic

range data.(The bit precisidn of the
reconstructed image shall pe com-
puted as 8+Rp,.

The{parameter of this field shall be
8ifOcis 1.

Lf 1 This field shall be 1, indicat|ng loss-
less and near-lossless coding.

ISO/IEC 18477-8 only specifies loss-
less and near lossless cofling.

Oc 0..1 Pseudo-logarithmic outputrenable
flag. If this flag is set, the putput
of the merging step shall pe the
half-logarithmic map defiped in
ISO/IEC 18477-7:2016, ArIrllex D.

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

Ce 0 This field shall be 0

This field indicates whether the
ouput shall be clipped to fange
[0,2Rb-1] if Oc is 0, or clipped to
[-0x7bff,0x7bff] if Oc is 1.pefore
processing the data further.

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

put lookup or point transfofmation
is required.

tog 0 Unused, shall be 0.
tog 0 Unused, shall be 0.
toy 0 Unused, shall be 0.
toz 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
Specificqfinn box defined in lQﬂI/IF(‘ 18477-3:2015 Annex B_If the Refinement cppr‘ifir‘nfinn box is

absent, the inferred value of Ry, is 0. The value Ry, is found in the Output Conversion box, where Riz+B
defines the total output precision of the image.

If this b¢x is not present, input v shall values shall be scaled to output values w by

w =y *2Rb-Rh jf Ry <Ry

w=lv /28R if RysRy

The typg of this box shall be 0x4C52505453, ASCII encoding of “LPTS”, The box structure and layoy
does nof deviate from that in ISO/IEC 18477-3:2015, Annex B.

(s

%)

NOTE The constraints for the Base Non-linear Point Transfoymation Specification box in th
Recommendation | International Standard differs slightly from the coristraints and definitions in ISO/IEC 18477
6 and ISP/IEC 18477-7. Implementations that want to implementinultiple standards may use the Lf flag
the outplit conversion box to distinguish between the constraints+here and those that apply to other parts
ISO/IEC 18477.

—_. = 1

B.4 Residual Non-linear Point Transformation Specification box

This box defines the non-linear point transformation between the output of the residual DCT procegs
and the|input of the Residual Transformation. It implements step B7 of Figure A.1 in Annex A. Thie
box strycture and layout is already defined in ISO/IEC 18477-3:2015, Annex B, though its purpose is
refined here and additional constraints apply. At most one Residual non-linear Point Transformatiop
Specification box shall exist as a sabtbox of the Merging Specification box. It shall not appear at tog
level of the file. This box shall only-be present if the Residual Data box is present.

The td; [values shall only reference Integer Table Lookup boxes. References to Floating point Table
Lookup poxes or Parametric-Curve boxes shall not be used. If this box is not present, input v values shall
be scalefl to output values'w by

w =V * 2Rb+8+RERr-P if R.+P<Rp+ 8 +R¢

v / 2Rr‘+Pbe787Rf

if Ry+P>Rp+8+Rs

|

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 Re
Transformation box (see B.6)
4 (RCT) <16 1
4 (RCT) =16 D (see NOTE)
1 (Identity) ignore 0
All other values invalid

Table B.4 — Values of Rfdepending.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 NOTE)
1 (Identity) ignore 0
All other values invalid
OTE In case Xt is 4 selecting the RCT as residual transformation and P+R; is 16, the total niimber of

its required for a table lookup process isxbe 17, requiring 32-bit entries in the Integer Table Lookup box, see
50/1EC 18477-3:2015, Annex B.

— o =z

B.5 Base Transformation-box

This box defines the lineartransformation between the output of the base entropy decoding| process
and the input of the hase image non-linear point transformation. It defines the transformation in step
H3 of the decoding @rocess specified in Annex A. The box structure and layout is already dg¢fined in
IBO/IEC 18477-3:2015, Annex B though its purpose is refined here and additional constraintsfapply to
the parameters-of the box.

There shall‘be exactly one Base Transformation box as subbox of the Merging Specificatjon box.
and the-eomponent transformation shall be consistent with the transformation indicated by the
(Jomponent Decorrelation Marker specified in ISO/IEC 18477-1. That is, if the cc value of the Component
[JeCorrelation Marker is 0, Xt shall be 1 or larger than 5. If the Component Decorrelation mjarker is
DSemtor its cC value 1S TIoNnZero, Xt shatt be -3 ortarger titam 5. 1f the base fite contaims oty 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 13545 Defines-the lineartransformationt

be used as Base Transformation, Seg¢
Table B.5 for the encoding.

Re 0 Shall be 0.

Table B.6 — Encoding of the LXt Parameter

Value Transformation to beused
0 Reserved for ITU | ISQ/IEC purposes.

1 The identity transformation shall be used.
2 Reserved for ITY] ISO/IEC purposes.
3

The FCT Transfornration as specified in Annex C of
this Recommendation | International Standard shall

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

by the‘Integer or Floating Point Linear Transformation
box Whose M value matches the value of Xt shall be used,

The Integer or Floating Point Linear Transformation
boxes are specified in ISO/IEC 18477-3:2015, Annex B
and their application and implementation are specified
in Annex C of this document.

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

Valug of dct in the base DCT Spécification box Value of Re
(see B.8)
0 (Fixed Point DCT) 4
2 (IntegexDCT) 0
AlLother values invalid

B.6 ResidualTransformation box

This box defines the linear transformation between the output of the non-linear point transformation in

th naldocadin gl S el n S d Ak ey b ot ol et n Ak Al o ] o T o f i S o
e reslc udirl u\,\,\.lullls l.IClLll dITUu LIIvU duuIitiviII vr triv rvoivdudiI tu i UMLPL{L UI'LIIC UUIUUT 11Td1101UT lllClLIULL l

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”.

Tlable B.8 constraints the parameters and parameter sizes, Table B.9 describes the encoding,pf the Xt
fdarameter.

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

Parameter Constraints within Meaning
ISO/IEC 18477-8
Xt 1,4.15 Definesthe linear transfornpation to

beused as Residual Transfofmation,
see Table B-8 for the encgding.

Re 0 Shall be 0.

Table B.9 — Encoding of the Xt)parameter

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

B.7 Colour Transformation box

his box defines the linear-transformation between the output of the non-linear point transfqrmation
h the base domain and, the addition of the inversely decorrelated transformed residual. It defines the
near transformatien,in step B4a of the decoding process specified in Annex A of this Recommg¢ndation
International Standard. The box structure and layout is already defined in ISO/IEC 18477%-3:2015,
nnex B, though its purpose is refined here.

N, —— = ]

his box shall'only exist as a subbox of the Merging Specification box specified in ISO/IEC 18477%-3:2015,
nnex Bland it may only exist if the number of components in the image Nf equals 3. It shall noft appear
bp level: If this box does not exist, the Colour Transformation shall be the identity transformation;
therwise the Xt parameter of the Colour Transformation box specifies the transformatio

ptek—H-a 0 3 ormatio Symoer pata srea 3 >

reference Fix Point Linear Transformation boxes.

& O Ny

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.
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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 Shall be 0.

I'able b.11 — Encoding o1 the AT parameter o1 the Lolour Iransiormation box

Value Transformation to be used
0 Reserved for ITU | ISO/IEC purposes.
1 The identity transformation shall be\used.
2.4 Reserved for ITU | ISO/IEC purposes.
5.15 The free form transformation without offset shift

defined by the Integer or Floating/Point Linear Trans-
formation box whose M value ‘matches the value of Xt
shall beused.

The Integer or Floating.Point Linear Transformation
boxes are specified iny}SO/IEC 18477-3:2015, Annex B
and their application and implementation are specified
in‘Annex C of this document.

B.8 B;

This mandatory box defines the DCT operation in the\base decoding path. Lossless and near-lossleds
b requires a fully-specified, bit-precise DCT, two of which are specified in Annex E. It defines thie
n of the Blc box in the functional diagram-of Annex A. This box uses the layout and structure of
Specification box defined in ISO/IEC 18477-3:2015, Annex B, but refines its parameters.

decodin
operatid
the DCT

ase DCT Specification box

The box selects between two possible DCGF implementations: The Integer DCT is a fully invertible
integer fo integer transformation of a relatively high implementation complexity. It allows lossleds
coding gven without a residual codestream. The Fixed Point DCT is a fixed point approximation of t
is only invertible up to asmall error. However, since the Fixed Point DCT is fully specified,
the errof at decoder side can be(pyedicted precisely and can be corrected by an additional residual scap
over thd data. The implementation complexity of the Fixed Point DCT is much lower than that of thee

DCT th

Integer(DCT.
The type of the Base DCT Specification box shall be 0x4C444354, ASCII encoding of “LDCT”.
Table B.Jl2 constraints the parameters and parameter sizes; Table B.13 specifies the encoding of thie
DCT parppmeter;
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 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

urpose of the box and its parameters are refined.

0 enable lossless coding, the residual coding pass corrects for residual errors’of the base ¢
ass and is thus fully invertible. Two choices exist for the DCT: Either the invertible Integer
he DCT bypass process which replaces the DCT by a simple level shift. The latter shift uses g
hodified entropy coding defined in Annex D. For near lossless coding, the/DCT or DCT-bypassg

roblem.

_ so il oNloduiio Nl nilo il s o il valkml |

=

able B.14 refines the definition of the parameters and parameter sizes; Table B.15 descr
ncoding of the DCT parameter.

(0]

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

he type of the Residual DCT Specification box shall be 0x52444354, ASCII encoding of “RDCT’}

his box defines the DCT operation and the noise shaping in the residual decoding path and,thus selects
he DCT transformation to be used for step B5c of the functional diagram in Annex A. Itsstrucfure and
hyout is defined by the DCT Specification box, specified in ISO/IEC 18477-3:2015, Annex’B, thpugh the

ecoding
DCT or
slightly
d signal

b quantized, causing staircasing artifacts if the DCT is bypassed and image residuals are quiantized
irectly in the spatial domain. An optional Noise Shaping process’specified in Annex G av¢ids this

ibes the

The value of this parameter
0if DCT is 2.

All other values are resery

Parameter Parameter Constraints within Meaning
ISO/IEC 18477-8

DCT 2,3 Selects the DCT that shall pe used

to reconstruct the base image. See

Table B.15 for the encoding.
RNs 0,1 If 0, noise shaping is disgbled.
If 1, noise shaping as specified in
Annex G shall be enabled.

ITU | ISO/IEC purposg

shall be

red for
S.

Table B.15 — Encoding of the DCT parameter of the Residual DCT Specification bo

Valwe———— Transformationtobeused——

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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Annex C
(normative)

Multi-component decorrelation transformation

C.1 General

NOTE
that alter

Annex C

colour transformations of the decoding process (see Figure C.1). Since lossless and neat:lossless codinjg

requires

7:2016, Annex C cannot be applied without change. Annex C specifies a fixed-poifit approximation of t
ified in ISO/IEC 18477-6 denoted as the FCT. Since the FCT approximates the ICT within t

ICT spe
error bd

FCT with proper scaling.

Annex (

is a fully invertible integer approximation of the FCT that can be‘used in the residual coding pass t

improve

In addit

scale impges and if the colour transformation is disabled:by the Base or Residual Transformation boxe$
Since the¢ Fixed Point DCT is a fixed point transformation, an additional scaling factor is included in thie

Identity

Figur

In Annex C, the flowcharts and tables are normative only in the sense that they are defining an,outpt
native implementations shall duplicate.

defines the Multiple Component Decorrelation Transformations available as base,residual an

ot

d

predictable errors, the transformations in ISO/IEC 18477-6:2016, Annex € and ISO/IEC 18477

unds of ISO/IEC 18477-43), implementations may choose to alwags substitute the ICT by t

also introduces an additional invertible integer to integertransformation denoted as RCT.

the coding efficiency of colour images.

on to these processes, an identity transformationgs also available that shall be used for grey

transformation to compensate for the preshifted integer bits.
— —
Decarrelation
Transforrretion
Level Shift

e C.1-—="Input and output of a decorrelation transformation: Input components, output
components and the DC level shift

O =

b.

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

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.
Lo = [213 *IO +11485 * IZ _2R5)+212+Re]/213+Re
Li = |(2%1,-5850%(1, -2%)- 2819 % (1, -2 )+ 2% ) / 21
L, = [213 *1, +14516 *(11 _2Rs)+212+Re]/213+Re

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

The purpose of the FCT is to provide a fully specified component‘decorrelation transfg

ijnplementations.

Denote by Lo, L1 and Ly the input sample values of the high-dynamic range source image. Deng
| and I the output components, let Rg be the number of level'shift bits defined in B.5. Then:

(o]

lo = |(24497L, +4809%L, +934*L, +27) /2™

I = 1(—1382*L0 —2714*L, +4096*L, + 217Re #2854 212"‘6)/213'Re

[(4096 *L, —3430%L, —666*L, £21" ¥ 20 + 2% ) /213

I

(.4 Free-form multi-component transformation (normative)

et

and O3 its output.

_ £ * Rs * Rs 12+Re 13+Re
Op = [a11 I, +a, (I1 -2 )+a13 (I2 -2 )+2 ]/2
01 — (321 * I() + 322 * (Il _ ZRS) + 323 * (Iz _ 2Rs) + 212+Re) / 213+ReJ
S R —Rs i +Re |3 +Re |
0O = La31 I, +a,, (11 -2 )+a33 (12 -2 }+2 J/Z J
NOTE It is up to the encoder to determine a suitable inverse of the above transformation.

C.5 Inverse identity transformation (normative)

Then:

(.3 Fixed point forward multi component transformation (FCTJ (informatiye)

rmation

dllowing lossless coding that is compatible with the RGB to YCbCr transformation deployed in legacy

te by Ip,

This transformation offers(a generic linear transformation that can be applied as Colour Transformation.
[ is applied in this form enly in profile C. Let Ip, I1 and I be the inputs to this transformation afd Og, O1

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
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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 F]rward fdentity transformation (mormative)
This transformation is used to generate the input of the base coding process when the number of

compongnts in the frame is one, or the component decorrelation transformation is disabled~Let Rg be
the numpber of level shift bits defined in B.5. If Lg is the input value, then this transformatieir sets the
output vfalue Ig to:

13 12- 13-
(2 *Ly +2 Re)/2 Re

Io umod 2Rs+1

If more [than one component is to be transformed, then the above applies to all three componentfs
identically.

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

The RCT is a lossless integer to integer transformation that issa coarse approximation of the FCT, byt
unlike the above, an exact inverse transformation exists.

In the fo]lowing, let Iy, I1 and I be the reconstructed dataserving as input to the transformation, and Ry,
R and Rz generated output sample values. Let Rs be the number of scale bits defined in B.6. Then set:

To = [1/2]

T1 F I; - 2Rs

T, E I - 2Rstl

Ri | (To - |(T,+T;}#4/) umod2Rs+

Ro F (R1 + <P2¥) umod 2Rs+1

Rz | (Re>+ T1 ) umod 2Rs+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 General

(i

NOTE In Annex D the flowcharts and tables are normative only in the sense that they are definingan outpt
that altefnative implementations shall duplicate.

Annex ] describes extensions of the entropy coding/decoding process for coding of residual data. T
first clags of processes is used when residual coding bypasses the DCT, i.e. the Rd¢t parameter of t
Residua] DCT Specification box is set to 3. In such a case, the residual scan types/specified in Annex
replace [the regular scan types specified in Rec. ITU-T T.81 | ISO/IEC 10918-1. The second class (
processgs is used when the DCT remains enabled, though the DCT may genetdte coefficients that are to
large to pe representable by the regular or extended Huffman coding made defined in Rec. ITU-T T.81
ISO/IEC|10918-1.

— O =10

NOTE Unlike refinement coding, the residual codestream is always contained in a single box which may,
however|spread over several JPEG XT Extension marker segments.

The synftax of the residual codestream follows the syntax’of Rec. ITU-T T.81 | ISO/IEC 10918-1 and
consists| of a frame header, table definitions, followed by at least one scan over the residual data. T

frame h¢ader defines the entropy coding process; forthe purpose of residual coding, the type of the SO
marker |ntroducing the frame header shall be either SOF; SOF,; indicating sequential or progressivie
residualfscan types or SOF,1 for the large range §equential scan type.

The res]dual sequential and progressive.scah types are defined in D.2.2 and D.2.3, the large rang
sequentjal scan in D.2.4. A large range (progressive scan type is not defined, though implementatio!
notes for encoding DCT coefficients in.a progressive mode overrunning the limitations of Rec. ITU-T T.8
| ISO/IEC 10918-1 are given in D.3«

D

==

jem

The image dimensions and the number of components indicated in the frame header of the residug
codestr¢am shall be identical-to those of the legacy codestream. Subsampling factors of the residuz
codestr¢am shall be 1, i.ezn6 subsampling shall take place.

—_—

Similar fo regular s€an"types defined in Rec. ITU-T T.81 | ISO/IEC 10918-1, residual DCT-bypass sca
types cgn also be.eXtended by Refinement Scans (see ISO/IEC 18477-6:2016, Annex D). The entroply
coding for Residwal Refinement Scans with the DCT bypassed differs slightly from the regula
Refinemlent S€an. The necessary modifications for the Residual Refinement Scan are specified in D.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

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.
SOF;4 0xFFBA Reserved for ITU | ISO/IEC purposes.
SOFep 0xFFBB Reserved for ITU | ISO/IEC purposes.
The bit precision of the DCT-bypass or large range encoded samples is indicated, by the P parameter
df the frame header, as for regular scan types, see Rec. ITU-T T.81 | ISO/IEC 310918-1:1994, Table B.2.
However, acceptable values for P shall be between 8 and 17, i.e. the upper limitfor P is 17, and| it is not
limited 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 headey defined
ih Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, Table B.2.
Table D.2 — Frame header of the DCT-bypasscentropy coding scans
Parameter Size (in Bits) Values Meaning
Lf 16 8+3*Nf Size of the marker segment, not including th¢ marker
P 8 8..17 Precision of the residual signal in bits (se¢ D.6 for
recommendations)
Y 16 1..65535 Height of the residual image in pixels. This vdlue shall
be identical to the value of Y of the legacy frante header
X 16 165535 Width of the residual image in pixels. This vqlue shall
be identical to the value of X of the legacy franfe header
Nf 8 lor3 Number of components of the residual frame. This
value shall be identical to the value of Nf of the legacy
frame header
Ci 8 (peréntry) 0..255 Component identifier. This value assigns & unique
label to the i-th component in the sequence [of frame
component specification parameters; the component
identifiers are referenced in the scan headpr of the
residual scans.
H; 4 1.2 Horizontal subsampling identifier for compongenti. The
pair (Hj, Vi) of componentiidentifies the subgampling
factors according to ISO/IEC 18477-1:2015, Annex A.
Vi 4 1.2 Vertical subsampling identifier for compongnti. The
pair (Hj, Vi) of componentiidentifies the subgampling
factors according to ISO/IEC 18477-1,:2015 Annex A.
Iqi 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
tablgTndices in the scan header shall be ignored. The corresponding Hullman table definitions spajl

be fpund in the Tables/misc section of the residual codestream.

— An ¢xtended Huffman alphabet, as depicted in Figure D.1 shall be used to encode the size categorly
of the residual samples. The value of the size category symbol SSSS for AC coding and the size rangg
of the error residuals are specified in Table D.3. Depending on the value of P in the fesidual framie
heagler, only a subset of the entries in the table are required, i.e. only all entries up-to category P-1.
Sanples in magnitude category SSSS=16 do not use the combined magnitude/runlength Huffma
coding employed for all other magnitude categories. Instead, a sample of this’size is encoded b
the Huffman symbol 0x10 (16) which is otherwise unused in the sequential.scan pattern, followe
by the run-length, which is encoded in four bits that are directly appehded to the output strea
byppssing the Huffman coder. Low order bits of the coefficient are notappended to the codestrea

[72)

o=}

Table D.3 — Magnitude categories and correspondingéerror 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 -327606, 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

=z

OTE Vertical: Size of the run, hdrizontal the magnitude category. Table cells that are crossegl out are
not in use.

=

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

rogressive DCT-bypass ¢coding is indicated by a frame marker of type SOFy; in the Residual Codestream
ox. It shall only be signaled in the codestream if Rdct parameter of the Residual DCT Specificqtion box
5 set to 3. Decoding'shall be performed according to Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, G.2 though
igure G.3 also@pplies if Ss=0. This causes the following modifications in the decoding operatign:

v wliodil o ullaw]

- The DE'decoding step will be skipped, i.e. Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, G.1.2|2 is not
effective.

-+, "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.

© ISO/IEC 2016 - All rights reserved 33


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

ISO/IEC 18477-8:2016(E)

Encode_Bypass_
coefficients

K=-1
R=0

y
A

R=R+1

No

< K=63? -

Yes

Append EHUFSI(0xf0)
Bits of EHUFCO(0xf0)

Append EHUFSI(0x00)
Bits of EHUFCO(0x00)

R=R-16

SSSS=CSIZE(ZZ(K))

J§
e Yes
< ssss8=167 -

‘ No

RS=(16*R)+SSSS

Append EHUFSI(RS)*| |Append EHUFSI(0x10)
Bits of EHUFCO(RS) | |Bits of EHUFCO(0x10)

IS |

\ Append 4
< (zz(K)<0? > Bits of R

Yes

~ No

ZZ(K)EZZ(K)-1

L -

Append SSSS
Low-order bits of ZZ(K)

-t
%

NO

< K=63? >

Yes ‘4

JEEEAGE

Done

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)

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 difference magnitude-dategory,
is now up to 20 entries large. The extended difference magnitude table is depicted in Fable[D.4. The
number of required entries depends on the frame precision P.

-+ Decoding continues with the AC coding, F.2.2.2, though a modified decoding procedure|shall be
applied that uses an enlarged Huffman alphabet that is able to expresstadditional magnitude
categories. The Huffman alphabet for large range AC coding is shewn in Figure ID.3. The
corresponding encoder procedure that shall be matched by the decoder is shown in Figure D.4.

SamplesinthemagnitudecategoriesSSSS=16andabovedonotusethecombinedmagnitude/rynlength
Huffman coding employed for all other magnitude categories. Instead, a sample of this sizeisencoded
by Huffman symbols 0x10 (16) to 0x50 (80), followed by four‘bits encoding the run, follpwed by
SSSS low-order bits of the symbol to encode. The additionalentries in the Huffman alphgbet, see
Figure D.3, are unused in the Huffman table specified imRec. ITU-T T.81 | ISO/IEC 10918-1.

OTE DCT-bypass coding of residual samples does notiencode the low-order bits of the sample yalues for
SSS=16 since the sample is already unambiguous. This isidifferent for large range DCT coding where lpw-order
its are always coded, regardless of the magnitude category.

o =

Table D.4 — Magnitude categories and corresponding error residual ranges. For DC cdding,
SSSS is the Huffman symbol itself, for' AC-coding it forms part of the Huffman symbjol

SSSS Error Residual Range
(Symbol for Huffman codinglof 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 -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 symbolallocation for the residual data coding in the large range DCT modge
NOTE Vertical: Size of-the'run, horizontal the magnitude category. Table cells that are crossed out are
not in usk.
D.3 Coding of residual error signals by the DCT-bypass scan (informative)
Entropy| coding by the sequential DCT-bypass scan follows the modifications made in D.2.1 and the
flowchaft-indicated in Figure D.2. This is, the DC coding steps in F.1.2.1 will be skipped. The firgt

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,

g q PP g g SSSS=15.
Iternatively, Residual Refinement scans can lower the required value of P and by that limit theCmaximum
plicable category, see also D.2 and D.6. Specifically, refinement scans can entirely eliminate the(nieed for large-
rpnge DCT scans.

p—

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

efinement decoding of DCT-bypassed error residual coefficients follows the algorithin as in
50/IEC 18477-6:2016, Annex D and thus closely resembles the procedure for a subsequent scan in
uccessive approximation coding defined in Rec. ITU-T T.81 | ISO/IEE-10918-1. However, the fpllowing
hodifications shall apply:

=0 W ==

-+ The DC decoding step of the entire entropy decoding procedure specified in ISO/IEC 18477-6:2016,
Annex D shall be skipped. That is, Rec. ITU-T T.81 | ISO/HEC 10918-1:1994, G.1.2.1 is not effective.

—+ 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 selectionis zero. Otherwise, decoding proceedswith the
same modifications to subsequent successive approximation coding as in ISO/IEC 18477-6:2016,
Annex D.

ID.5 Encoding of refinement scans'in the DCT-bypass mode (informative)

efinement encoding of DCT-bypassed-error residual coefficients is defined by the flowcharf in Rec.
[U-T T.81 | ISO/IEC 10918-1:1994, Figure G.7 and follows the same algorithm as defined in Rec.
[U-T T.81 | ISO/IEC 10918-1:1994, G.1.2.3. This flowchart, however, is also applicable if §s=0, i.e.
ecoding includes the coefficient in the left top corner, thus the same modifications due to ISO/IE[ 18477-
:2016, Annex D are in place) In addition, the following modifications apply to the encoding process:

O QO = = =

-+ The DC encoding step of the entire entropy decoding procedure specified in ISO/IEC 18477-6:2016,
Annex D is skipped. That is, Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, G.1.2.1 is not effective.

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

.6< Selection of the frame precision P for residual coding (informative)

coding,
provided all error residuals to be coded can be expressed with the bitrange indicated in the frame
header. However, it is generally advisable to select P according to the final output bitdepths of the image
as identified by 8+Rp, the number of Residual Refinement scans R; and the selection of 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 Ry is defined by the Residual
Refinement box. Table D.4 lists recommended choices.

NOTE 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 magnitad
categorigs defined by Table D.3 are sufficient for DCT bypass coding since the RCT operates with_fitedulo
arithmetjic.

[¢)

40 © ISO/IEC 2016 - All rights reserved


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

ISO/IEC 18477-8:2016(E)

Annex E
(normative)

Discrete cosine transformation

[l

.1 General

=z

OTE In Annex E the flowcharts and tables are normative only in the sense that they are defining s
hat alternative implementations shall duplicate.

—t

nnex E defines a fixed point, an integer and a bypass version of the inverse DCT transform
nable lossless reconstruction of samples, the output of these processes shall be replicated
he Fixed Point DCT is a fixed point implementation of the DCT process-defined in Rec. IT
ISO/IEC 10918-1, and is within its implementation precision, identicalto it. It pre-shifts it
y four bits, i.e. the output is 16 times as large as that of the DCT as\specified by Rec. ITU
50/1IEC 10918-1, though represented by integer values. This coéfficient scaling is un-dong
hultiple-component transformations specified in Annex C through the bit shift parameter Re.

S = o —— =1 D o

he Integer DCT is an integer-only implementation of the DCT and again identical to its legacy
Fithin its implementation precision. Even though the Fixed Roint DCT is not exactly invertible,
predictable coding error that can be compensated fot.by a residual codestream. The Intege
xactly invertible, but has a higher implementation cemplexity. That is, the Integer DCT allows
ncoding even without a residual codestream. Unlike the Fixed Point DCT, the Integer DCT
cale its output.

w O 0O O <

he DCT-bypass process disables the DCT completely and only performs a level shift on all 6
hat is identical to the level shift of the Integer DCT. Disabling the DCT is only available as an ¢
he residual codestream, and there controlled by the Rdct parameter of the Residual DCT Sped
ox, see B.9. Samples created by the DCT bypass operation shall be coded by one of the DCT byp

[ il o il o i o T |

|

he algorithms specified insAnnex E replace the level shift, DCT and quantization procedure
[U-T T.81 | ISO/IEC 10918-1:1994, A.3.1 and F.2.1.5, A.3.3 and A.3.4 respectively, and op
pecified there shall be replaced by the following algorithms and specifications.

[

HE.2 The DCFbypass process (normative)

—

he DCT bypass process takes an 8x8 input block of decoded data produced by a decoding al
pecifiedin/Annex D S x and generates from them output samples Y; k.

(%)

+ irst dequantize the coefficients Sj k. If the RNs flag of the Residual DCT Specification box i

ypes specified in Annex D. Similar;to the Integer DCT, the DCT bypass does not scale its output.

In output

htion. To
exactly.
U-T T.81
5 output
T T.81 |
e by the

version
t causes
r DCT is
lossless
Hoes not

4 inputs
ption in
ification
ass scan

5 of Rec.
erations

gorithm

not set,

multiply S by Q77 the bottom-right entry of the quantization matrix Q defined in a DQ'1

marker

segment:

Rk = Sjk*Q7,7

— If the RNs flag of the Residual DCT Specification box (see B.9) is set, follow the noise-shaping

algorithm specified in Annex G to compute R; x from Sj i.
— Second, level shift the value R; x by Sqc to reconstruct the output value Yj x of the DCT Bypass
Yi k= Rixk + Sdc

The level shift value Sqc is defined by:
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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 The DCT Bypass process is never applied in the base coding path.

E.3 Fix Point DCT (normative)

E.3.1 Two dimensional inverse Fixed Point DCT (normative)

v

The Fix¢d Point DCT (Figure E.1) takes integer samples Qjj in the form of an 8x8 block, andcgerferatg
from thpt integer samples Yj; also organized in an 8x8 block. The input samples Q;;j-are integer
generat¢d by dequantization and the entropy decoding procedure described in Re¢. \I'TU-T T.81
ISO/IEC|10918-1, the output samples Yj; are integer values as well. The DC level shiftspecified in Reg.
ITU-T T.B1 | ISO/IEC 10918-1:1994, A.3.1, F.1.1.3 and F.2.1.5 are included in the DCT algorithm specifie
in E.3.2| thus additional level shifts as specified by the above in the legacy/standard shall not b
performled.

[72)

D = —_

N DCT L ),
64 (al versions) 64
Level Shift

Figure E.1 — Fixed Point DCT inputs and outputs

The step)s of the algorithms are asfollows:

— Level-shift the entropy degoded DC coefficient Qg,o and scale all coefficients to the precision of th
decorrelation transforniation; this step implements the inverse DC level shift of Rec. ITU-T T.81
ISOfIEC 10918-1:1994) A.3.1 and F.2.1.5 as part of the DCT transformation. For that, set:

Xo,0| =24(Qosp% Sac*23);

—

Xi'j =24*Qi']‘ for (i,j)#(0,0).

The values of Sqc shall be given by

SdC = 28+Rh-—1

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

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

42 © ISO/IEC 2016 - All rights reserved


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

ISO/IEC 18477-8:2016(E)

— 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

Zix=
— 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

N

—

H

A
H

OTE

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

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

king the

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

Yk,j - [(Bk + 28+3) / 29+3j

— repeating the above steps for all columns j€[0,7].

.3.2 One dimensional inverse Fixed Point DCT (fWormative)

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

icient to

one-dimensional inverse Fixed Point DCT process‘is’a building block of the two-dimensional Fixed

oint DCT defined in E.3.1. It takes an eight-dimefsional vector Ak of integer numbers as input, and
generates an eight-dimensional vector By of integer numbers as output.

L SetZ; = (Ag+Ag) * 277

- SetTp = Z1-Ae*946

- SetTs = 71+ Ay *392

L SetTo = (Ag+A4d)* 512

L SetT; = (AG~A4) * 512

—- SetTyp = To+ T3

— SetTy3 = To-Ts

L SetT1y O~= T1+ T

- Set T, = T1-T»

—C-Set Z4 = A7 + A3
SetZs = Ag + Aq
SetZg = (Z4 + Z5) * 602
SetZ7 = (A7 +Aq) *-461
SetZg = (As + A3) *-1312
Set Zg = Z4%*-1004 + Zg
Set Z19 = Z5*-200 +Zg
Set T3p = 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

— SetBy = Tyt Tao

— SetBs = T11-T32

— SetB2 = T12+T31

— SetBs = T12-T31

— SetB3 = T13+ T30

— SetPBa = T13-T3o0

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

not exac

residuald between this DCT and the ideal transformation in a residual scan.

E.4 Integer DCT (normative)

E4.1

The Intdger DCT is an integer to integer DCT that is, unlike the Fixed Point DCT, exactly invertible. [f

the Inte

the resylt is a completely lossless image coding-compatible to Rec. ITU-T T.81 | ISO/IEC 10918-1 thgt

does no
compon
the RCT

The steps of the algorithms are as fellows:

— Dequantize the entropy-dec¢oded coefficients Syy by multiplying them with the quantization matri

qu

imp

— Lev

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

ly invertible. The lossless process will correct errors from the forwards transformation by encoding

'wo dimensional Inverse Integer DCT (nornrative)

ber DCT is combined with the inverse identity transformation as decorrelation transformation,

f require a residual coding pass. However, its compression performance is, due to a lack of p
ent decorrelation transformation, worse than that of Fixed Point DCT plus residual coding with

>

from the DQT marKer segment generating the dequantized DCT coefficients Ryy. This step
|ements Rec. ITU-T.T/81 | ISO/IEC 10918-1:1994, A.3.4.

Ryv = Sdv*Quv
pl-shift the\DC coefficient Qg o; this step implements the inverse DC level shift of Rec. ITU-T T.8|L

X0.0 © = Qo,0 + Sdc*23

Xi,j =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.

— Run the one-dimensional Integer DCT specified in E.4.2 over all rows of the input vector, that is:

44

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

following the procedure of the one-dimensional IDCT process as defined in E.4.2 taking the
vector A as input and generating the vector B as output;

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;

— following the procedure of the one-dimensional integer DCT process of E.4.1 taking the
as input and generating the vector B as output;

vector A

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

Table E.1 — Level shift value for the IDCT

Ih Table E.1, Ry is the number of refinement coding passes indicated in the Refinement Sped
Hox, Ry is the number of residual refinement ceding passes defined in ISO/IEC 18477-3:2015,
and P is the bit precision indicated in the frate header of the residual codestream. The frame |
specified in Rec. ITU-T T.81 | ISO/IEC 10918+1:1994, Table B.2. If the Refinement Specification b
dresent and hence refinement scans are'not used, the inferred values of R and Ry, shall be 0.

H.4.2 One dimensional Inverse Integer DCT (normative)

ification
Annex B
leader is
oX is not

The one-dimensional inverse.integer DCT takes an input vector A of eight integers and transforms this
tp an output vector B of 8integers. The transformation requires additional multiplication steps pmul_
tpng through pmul_tangand pmul_sin; through pmul_sing that are specified in E.4.3. The fpllowing
steps shall be performed unaltered to ensure lossless reconstruction:

+ SetZyo = Ag

4 SetZco = A1

4 SetZy1 = A

H-CSetZq = -A3

— SetZ1o = -Ay

— SetZ11 = -Ag

— SetZce2 = A7

— SetZp = As—pmul_tany(Z1)

— SetZc3 = Z1+pmul_sina(Zo)

— SetZq = Zo-pmul_tans(Zc3)

— SetZpo = Z0-pmul_tans(Z1o)
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SetZpq
SetZp1
Set Zp2
Set Zpo
Set Zp2

Set Zeg

Z21-pmul_tany(Z11)
Z10+pmul_sing(Zoo)
Z11+pmul_siny(Zo1)
Zoo—-pmul_tans(Zp1)
Zo1-pmul_tanz(Zp3)

-2
€T

Set¥co
Set¥2q
Set Y00
Set¥c2
Set¥.c3
Set Y10
Set¥11
Set Yoo
Set¥o1
Set X,
Set Kg
Set K4
Set K5
Set¥p2
Set ¥ho
Set K3
Set Ko
Set ¥p3
Set¥p1

Set Ko

Zco-pmul_tang(Z¢1)
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_tanu(Zpz)
Zp2+pmul_sina(Zpo)
Zpp=~pmul_tang(X3)
-Zp3
Zp1-pmul_tana(Zp3)

Zp3+pmul_sing(Zp1)

Set X7
Set Xy
Set Xp
Set By
Set Bg
Set X5
Set X4

ZpT-pmui_tanz{X7)
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)
_ SetBj = Xa=pmul_tans(Bs)
- SetX7 = X7
- Set X3 = X3-pmul_tana(X7)
- Set Bg = X7+pmul_sing(X3)
— Set B3 = X3-pmul_tang(B4)

o= = U 1

vl

(%)

v o

E

4.3 Multiplication steps of the Integer DCT

4.3.1 General

ight multiplication steps are required by the IDCT algorithm $pecified in E.4.2. Each of the multij
teps implements an approximation of a multiplication ofits.input value X by a trigonometric g
eturning an output value Y. Implementations shall follew the specified steps exactly to allow
econstruction of the image. Note that the division bytpowers of 2 plus round-down can be impl
y right-shifts, and multiplications by powers of 2 can be implemented by left-shifts.

4.3.2 Specification of pmul_tanq

n approximation of the multiplication ofts input value X by tan(m/32), returning an output vj

pecified as:
- SetT = X+2*X
L SetY = (T+24*X+27*T+211)/212

4.3.3 Specification of pmul_tan;

n approximatioh’of the multiplication of its input value X by tan(m/16), returning an output vj
pecified as:

L Set Y. = Kzﬁ*x-z‘**x-ng*X+29*X+2“)/2“j

434 Specification of pmul_tanz

blication
onstant,

lossless
bmented

alue Y is

alue Y is

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 appr

specifie

Set

E.4.3.7

An appr
specifie

Set

E.4.3.8

An appr
specifie

Set

E.4.3.9

An appr
specifie

Set

Set

ES5 TI

The fory
output s
of the en

48

Firs

Ximation of the multiptication of ftsnput vatue X by Sin(T/16), Teturning amn output vatue Y is
] as:

y = [(ZS*X-X+28*X+29*X+2“)/2“j

Specification of pmul_siny

pximation of the multiplication of its input value X by sin(n/8), returning-an output value Y i
] as:

[%2)

(25*><-><+29*X+21°*X+211)/212

Specification of pmul_sin3

v

bximation of the multiplication of its input value X by sin{3m/16), returning an output value Y i
I as:

= (27 X2 r X+ 22 * X4 2 e X+ 212"

Specification of pmul_sin3

v

pximation of the multiplication of its ihput value X by sin(m/4), returning an output value Y i
1 as:

¥ X+22*X

™~
1

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

ne forward DCT bypass process (informative)

[

vard DCT bypass process takes an 8x8 input block of source signals Yjx and generates from
amples S; i 'that are level-shifted by Sqc and quantized The generated values then form the inpy
tropy cedihg algorithm specified in Annex D. The DC shift is as in E.2.

(s

t level-shift the data by Sqc, where Sqc is specified in E.2

Rik = Yik — ddc

Second, quantize the data Rjk. 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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