INTERNATIONAL ISO/IEC
STANDARD 18477-1

Second edition
2020-05

Information technology = Scalab:‘e

compression and coding of
continuous-tone stilkimages —

Part 1:
Core coding system specification

Technologies de l'information — Compression échelonnable e codage
d'images plates en.ton continu —

Partie 1: Spécification du systéme de codage de noyau

Reference number
ISO/IEC 18477-1:2020(E)

© ISO/IEC 2020


https://standardsiso.com/api/?name=e05bab0881e7869a855603beb27e48ca

ISO/IEC 18477-1:2020(E)

/'\ COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address

below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=e05bab0881e7869a855603beb27e48ca

ISO/IEC 18477-1:2020(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
IIEIOAUCTION. ......ooooo etk 881888558 v
1 S0P ... 1
2 NOIIMATIVE TEEETEIICES ...........ooooooeeeeeee oo 1
3 Terms and definitions ... 1
4 Symbols and abbreviated terms...

4.1 Symbols ...
4.2 ADBDIEVIAtEd TEITIIS ...oooooooeeeeeese s ey oo
5 COMVEIITIOIIS ..ot e
5.1 Conformance IaNGUAZE. ... S e
5.2 L0075 i 10 OO S SO
5.2.1  Arithmetic operators...............
5.2.2  Assignment operators................
5.2.3  Precedence order of operators
5.2.4  Mathematical fUNCIONS ... e s
6 L= 1 1) - | S
6.1 General definitions ...
6.2 Functional overview on the decoding process»
6.3 Encoder requirements
6.4 Decoder requirements
Annex A (normative) Component subsampling and expansion of subsampling................fo.. 6
Annex B (normative) COAdeStream SYIMEAX ... alih ..o s 8
Annex C (normative) Multi-component decorrelation
BIDLIOZTAPIY . ... e ekt

© ISO/IEC 2020 - All rights reserved iii


https://standardsiso.com/api/?name=e05bab0881e7869a855603beb27e48ca

ISO/IEC 18477-1:2020(E)

Foreword

ISO (the
Commis

International Organization for Standardization) and IEC (the International Electrotechnical
sion) 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 pa
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Attention is drawn to the possibility that some of the elements of this document may be the subjedt

of pater]
rights. I
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cedures used to develop this document and those intended for its further maintenance| atie
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
rent types of document should be noted. This document was drafted in accordancé.with thie
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying any or all such patert
etails of any patent rights identified during the development of the document will be in thie
tion and/or on the ISO list of patent declarations received (see www.iso:0Tg/patents) or the IEC
tent declarations received (see http://patents.iec.ch).

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

bxplanation of the voluntary nature of standards, the{meaning of ISO specific terms anfd
ons related to conformity assessment, as well as information about ISO's adherence to thie
rade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org|/
vord.html.

This do
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This seq
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fument was prepared by Joint Technical.@ommittee ISO/IEC JTC 1, Information technology,
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

ond edition cancels and replaces the first edition (ISO/IEC 18477-1:2015), which has beeh
lly revised.

The ma:r changes compared to the previous edition are as follows:

— An
— min|
A list of

Any feec
complet

ex A.3 has been revisedto.adopt centred upsampling by default;
pr editorial changes throughout.

b1l parts in the ISO/IEC 18477 series can be found on the ISO website.

=

|back or questions on this document should be directed to the user’s national standards body.
e listing @f these bodies can be found at www.iso.org/members.html.
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Introduction

This document specifies a coded codestream format for storage of continuous-tone photographic
content. JPEG XT is a scalable image coding system that builds on the legacy Rec. ITU-T T.81 |
ISO/IEC 10918-1 coding system, also known as JPEG, but extends it in a backwards compatible way:.
This document specifies the commonly deployed components of the JPEG coding system. Additional
parts of the ISO/IEC 18477 series extend on this baseline.

JPEG XT has been designed to be backwards compatible to legacy applications while at the same
time having a small coding complexity; JPEG XT uses, whenever possible, functional blogk§ of Rec.
[[F'U-T T.81 | ISO/IEC 10918-1, Rec. ITU-T T.86 | ISO/IEC 10918-4 and Rec. ITU-T T.871 | ISQ/IEC€|10918-5
tp extend the functionality of the legacy JPEG coding system. It is optimized for good image' quality and
dompression efficiency while also enabling low-complexity encoding and decoding implementations.

© ISO/IEC 2020 - All rights reserved v


https://standardsiso.com/api/?name=e05bab0881e7869a855603beb27e48ca



https://standardsiso.com/api/?name=e05bab0881e7869a855603beb27e48ca

INTERNATIONAL STANDARD ISO/IEC 18477-1:2020(E)

Information technology — Scalable compression and
coding of continuous-tone still images —

Part 1:

Core coding system specification

1 Scope

—

his document specifies a coding format, referred to as JPEG XT, which is désigned prim

jonll®)

asis for the entire ISO/IEC 18477 series.

2 Normative references

o |

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

Q

Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, Information technology — Digital compression and {
dontinuous-tone still images — Part 1: Requirements and-guidelines

owl

ec. ITU-T T.86 | ISO/IEC 10918-4, Information technology — Digital compression and c
pntinuous-tone still images — Part 4: Registration of JPEG profiles, SPIFF profiles, SPIFF tags, SPI}
paces, APPn markers, SPIFF compression types’and Registration Authorities (REGAUT)

L o

owl

ec. ITU-T T.871 | ISO/IEC 10918-5, Hformation technology — Digital compression and c
dpntinuous-tone still images — Part 5 JPEG File Interchange Format (JFIF)

3 Terms and definitions

v w]

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

I50 and IEC maintaimterminological databases for use in standardization at the following add

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

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

1
itstream

o

hrily for

ontinuous-tone photographic content. This document defines the core codingsystem, which forms the

content
lies. For
applies.

oding of

bding of
'F colour

pding of

esSes:

nrh'q”y encaoded or decoded sequence of bits rnmpricing an pnh‘npy-r‘ndpd segment

3.2
block
8x8 array of samples or an 8x8 array of DCT coefficient values of one component

3.3
byte
group of 8 bits

3.4
coder
embodiment of a coding process

© ISO/IEC 2020 - All rights reserved
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3.5
coding
encoding or decoding

3.6
compression
reduction in the number of bits used to represent source image data

3.7
component
two-dimensional array of samples having the same designation in the output or display device

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

3.8
continuous-tone image
image whose components have more than one bit per sample

39
discreté¢ cosine transform
DCT
either the forward discrete cosine transform or the inverse discrete cosinetransform

3.10
downsampling
procedulre by which the spatial resolution of a component is reddeed

3.11
entropy-coded data segment
indepenflently decodable sequence of entropy encoded bytes of compressed image data

3.12

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

3.13
marker|segment
marker and associated set of parameters

3.14
precisign
number|of bits allocated\te a particular sample or DCT coefficient

3.15
procedure
set of st¢ps which accomplishes one of the tasks which comprise an encoding or decoding process

3.16
sample
one element in the two-dimensional array which comprises a component

3.17

sample grid

common coordinate system for all samples of an image with the samples at the top left edge of the image
having the coordinates (0, 0), the first coordinate increases towards the right, the second to the bottom

3.18
scan
single pass through the data for one or more of the components in an image

2 © ISO/IEC 2020 - All rights reserved
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3.19

scan header

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

3.20
upsampling
procedure by which the spatial resolution of a component is increased

3.21

vlertical sampling factor
relative number of vertical data units of a particular component with respect to the numpeér,of vertical
data units in the other components in the frame

4 Symbols and abbreviated terms

4.1 Symbols

X width of the sample grid in positions

Y height of the sample grid in positions

Nf number of components in an image

S}, x subsampling factor of component i in horizontakldirection
S,y subsampling factor of component i in vertical direction

H; subsampling indicator of componentiin the frame header
V; subsampling indicator of componenti in the frame header
Y,y sample value at the sample gtid position x, y

4.2 Abbreviated terms

ASCII American Standard Code for Information Interchange
nc lowpass
AC highpass
I{SB least significant bit
NISB most significant bit
CE discrete cosine transformation

JPEG joint photographic experts group

5 Conventions

5.1 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 2020 - All rights reserved 3
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5.2 Operators

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

5.2.1 Arithmetic operators

+ addition

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

x mpiltiplication

/ diyision without truncation or rounding

5.2.2 Assignment operators

= assignment operator

5.2.3 Precedence order of operators

Operatofs are listed in descending order of precedence. If several operators appear in the same ling
they haye equal precedence. When several operators of equal precedence appear at the same level in a
expressjon, evaluation proceeds according to the associativity of thé.operator either from right to le

or from |eft to right.

- =

Operataqrs Type of operation Associativity

O, 11 - expression left to right

- unary negation

x, / multiplication left to right

+, - addition.and subtraction left to right

<, >, <=, b= relational left to right
5.2.4 Mathematical functions

[x] Ceilihgof x. Returns the smallest integer that is greater than or equal to x.
LxJ Floor of x. Returns the largest integer that is lesser than or equal to x.
[x] Absolute value, is -x for x < 0, otherwise x.
sign(x) Sign of x, zero if x is zero, +1 if x is positive, -1 if x is negative.
clamp(x| min, max) Clamps x to the range [min, max]: returns min if x < min, max if x > max or

otherwise X.

6 General

6.1 General definitions

The purpose of this clause is to give an informative overview of the elements specified in this document.
Another purpose is to introduce many of the terms which are defined in Clause 3. These terms are
printed in italics upon first usage in this clause.

© ISO/IEC 2020 - All rights reserved
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There are three elements specified in this document:

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

b) A decoder is an embodiment of a decoding process. A decoder takes as input a codestream, and by
means of a specified set of procedures generates as output digital reconstructed image data.

c) The codestream is a compressed image data representation which includes all necessary data to
allow a (full or approximate) reconstruction of the sample values of a digital Image. Ttidnal data
might be required that define the interpretation of the sample data, such as the spatial'dimensions
of the samples.

(o

.2 Functional overview on the decoding process

The high-level algorithm for decoding is as follows: The samples are first reeconstructed folloywing the
decoder specifications defined in Rec. ITU-T T.81 | ISO/IEC 10918-1. If the/resulting componernt arrays
are subsampled, they are upsampled on a common sample grid followingthe specifications in Annex A.

ollowing that, the output data is processed by an inverse decorrelationtransformation. If the data is
Iready in an RGB type colour space, e.g. RGB with ITU-R Rec. BT®0% primaries, this transfqrmation
Uill be the identity transformation. Otherwise, either the ICT istused to transform the data ipto RGB.
he inverse decorrelation transformation is defined in Annex G,’Jand the markers that are required to
elect the transformation are defined in Annex B.

Vv <

o

.3 Encoder requirements

An encoding process converts source image data to¢compressed image data. This includes first optaining
a low dynamic range image, and representing,it' by a coding process specified in Rec. ITU{T T.81 |
IBO/IEC 10918-1:1994, Annex F or Annex G.

h order to comply with this document,)an encoder shall satisfy at least one of the following two
equirements. An encoder shall withhappropriate accuracy, convert source image data to conjpressed
mage data which comply with theicodestream format syntax specified in Annex B for the gncoding
rocess(es) embodied by the encoder. A limited accuracy sufficient to match the error bounds dpecified
h the compliance tests is accéptable.

s o Ml et Tl )

here is no requirement in this document that any encoder which embodies one of the gncoding
rocesses specified here shall be able to operate for all ranges of the parameters which are allpwed for
hat process. An encoeder is only required to meet the compliance tests and to generate the conjpressed
ata format according to Annex B for those parameter values which it does use.

[oMlmilso il

6.4 Decoder requirements

A decoding process converts compressed image data to reconstructed image data. For thdt, it has
tp follow the decoding operation specified in Rec. ITU-T T.81 | ISO/IEC 10918-1 with sufficient
dcCuracy, using either the baseline, sequential or progressive scan process defined |in Rec.
ITU-T T.81 | ISO/IEC 10918-1:1994, Annex F or Annex G. This process generates sample values on a
sample grid, which are then converted into a digital image by following the upsampling specifications
in Annex B and the multi-component decorrelation (ICT) process in Annex C.

© ISO/IEC 2020 - All rights reserved 5
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Annex A
(normative)

Component subsampling and expansion of subsampling

NOTE T thic S asy +tha Flnnmknuh- r\v\r] tablac oxa oo atia ol 1o b conca thot thay o dafiniog o
e S—ahhReXs—tne—1rov

TOOTC ST COT oty C Oty i circ—Strrst—rat ey ot C—OCTTTTT S

output that alternative implementations shall duplicate.

A.1 Component dimensions and subsampling factors

An image is defined to consist of Nf components, each of which is identified by a unique identifier

defined jn the frame header of the codestream format specified in Annex B. The numhep of component]
Nf shall pe either 1 or 3. A component consists of a rectangular array of samples xcwide and y; sample
high. THe component dimensions are derived from the image dimensions X.and"Y, also parametej
recordedl in the frame header. These two parameters define a sample gridef\X grid points wide an
Y grid ppints high, where the left topmost grid coordinate is (0, 0) and caoxdinates increase from le
to rightfand from top to bottom. However, the dimensions of the component do not need to coinci

with thq dimensions of the image. For each component, two subsampling factors s; , and s; ., define t

spacing petween sample points of component i relative to the samptegrid and the 51ze of the componer]
array. If[Xand Y are the dimensions of the sample grid, the size ofcomponent i with subsampling factor

si,x and ; | is

— == un n vn o7

0 o~

[X/six! and [Y/${y]

Upsamptng by interpolation from surrounding samples as specified in Annex A generates then sample
values ohn all grid points of the sample grid.

The subgampling factors s; , and s; ,, are not directly represented in the binary codestream or any of it
markerg, but shall be derlved from the paranieters H; and V; recorded in the frame header. If Nf equal
1, i.e. thp image consists of a single component, H; and \'A shall be 1,and s; , and s; , are both 1. If N
equals 3, Table A.1 defines the relation-between H;, V; and s; , and s; ,. No other combinations of H; an
V; than those listed in Table A.1 shall.be used.

T

Table A.1 — Sampling values

Hy vy H, Vo Hs Vs S1,x Sty S2,x S2,v S3,x S3,y

1 1 1 1 1 1 1 1 1 1 1 1

2 2 2 1 2 1 1 1 1 2 1 2

2 2 1 2 1 2 1 1 2 1 2 1

2 2 1 1 1 1 1 1 2 2 2 2
All other [values reserved for ITU/ISO purposes.

NOTE Rec. ITU-T T.81 | ISO/IEC 10918-1 allowed other component arrangements and relations between
grid positions and sample positions that are not valid in this document. However, the definitions given here are
special cases of the more general relations provided in Rec. ITU-T T.81 | ISO/IEC 10918-1 and both definitions
agree whenever both are defined.

A.2 Expansion of subsampled components
Whenever the subsampling factors s;, and s; , are not both 1, interpolation is used to populate all grid
positions of the image sample grid. The followmg bilinear interpolation algorithm can be used to provide

sample values at all sampling grid positions. Readers should be aware that the algorithm described
here will also change the sample values at sampling grid positions whose values are represented in the

6 © ISO/IEC 2020 - All rights reserved
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codestream. This may have the effect of a continuous loss of precision of the subsampled components
over multiple compression-decompression cycles.

A.3 Bilinear expansion of subsampled components

Upsampling is performed in two steps. First, upsampling in the vertical direction if s; , is 2, generating
an intermediate image. Second, upsampling in the horizontal direction if s; , is 2, generatmg the final
output image from the intermediate image.

IpaTirststep, checkfor each componentiwhethers; isZor I.1fs; iylS T, copy the reconstructed|samples
tp the intermediate image v(uP¥) directly. Otherw1se compute the intermediate image v from the
reconstructed samples v by first setting v, _; to v, o and v, ry/;) to vy ry/y_4, and then setfor gl x such
that 0 <x <X and all y such such that 0 <y < [Y/2]:

vupy) = L(vyy1*+3xvy +1 + (x mod 2))/4]

X,2y

vpy) oo = LVyyt3%Vyy*2 - (x mod 2))/4]

—]

he outputs vuPY), , ry 5,4 are discarded if the image height Y is odé.

Ih a second step, check for each component i whether s, , is 2 or 1-Ifs; , is 1, copy the intermediafe image
tp the output image directly. Otherwise, compute the output ifnage chP xY) from the intermediafe image
vupy) by first setting v(upy)_; o to vupy)y and vIUPY) 1y 5 o5t0 VIUPY) 1y 1 o and then set for all y such
that 0 <y <Y and all x such such that 0 < x< [X/2]:

V(up'X’Y)zx,y = L(V(up.y)x_l'y+3 XV(UP'Y)X,Y+2) /4]

v(upfx,y)ZXﬂ,y = L(V(UP'Y)X+1,Y+3XV(uP'YJX,y+1)/4—J

—

he outputs vuPx¥), y 4 , are discarded if the image width X is odd.

NS

1.4 Downsampling of components

his document does not definie a normative procedure by which the resolution of components whose
i, x and si, y factors are fiot both one shall be reduced. Any procedure that generates components of
he size [X/si,x| and(TY/siy| is acceptable as long as it is compatible with the upsampling procedure
efined above. A verysimple downsampling filter is given in the next subclause.

o .

A.5 Downsampling by a box filter

etter'alternatives exist, the box filter is nevertheless presented here as an example. The input of the box
Itep is a X x Y component array of samples, where the sample value at position x, y is denoted by v

el eoull—

Xy

he box:filter is the simplest possible downsampling filter and provides only poor quality. EveI though

X =S

min* *Xs X mll’l(S x*XstS;, X_1' X_l) Ymin*= Sj, yxy Ymax:zmin(si, yXYS+Si, y_ll Y_l)

I, X" %s max-
The output of the box filter at position x, y, is then defined as:

VSX, y:=(zx:xmin..xmax z:y:xmin..ymaxvx, y)/((Xmax_Xmin_l) x (Ymax_Ymin_l))

i.e. the average over the boxX X i, Vinin 10 Xmax Ymax:
then subject to further processing, e.g. DCT transformation and entropy coding.

The array of downsampled sample values v, , is

© ISO/IEC 2020 - All rights reserved 7
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Annex B
(normative)

Codestream syntax

NOTE 1 Hs—annex—defines—the—ecempressed—bi eSSyt which; tettraly—eonst of—an—oerdered
collection of marker segments and entropy coded data segments. Marker segments specify parameters necesSarly
to recongtruct the sample values from the entropy coded data segments. Because all of these constituent\parts
are repr¢sented with byte-aligned codes, each compressed data format consists of an ordered sequence|of 8-bjt
bytes. Fopr each byte, a most significant bit (MSB) and a least significant bit (LSB) are defined.

NOTE 2 | The codestream syntax defined here agrees mostly with the "interchange format{ defined in Ret.
ITU-T T.41 | ISO/IEC 10918-1, with some additional constraints on the parameters in the magker segments and
some additional markers carrying information that is irrelevant for the older standard.

B.1 Parameters

Parametfers are integers, with values specific to the encoding process,‘source image characteristics,
and othgr features selectable by the application. Parameters are assigned either 4-bit, 1-byte, 2-byte dr
4-byte cpdes. Except for certain optional groups of parameters, patameters encode critical informatioh
without|which the decoding process cannot properly reconstruct the image. The code assignment fqr

, where bits are ordered in the codestream in decreasing significance. Parameters which ar
length always come in pairs, and thexpair shall always be encoded in a single byte. The firg

n =N =+ O —

ian" representation of unsigned integers.

B.2 Miarkers

Markerd serve to identify the Various structural parts of the compressed data formats. Most markers
start marker segmentsCegntaining a related group of parameters; some markers stand alone. A
markerd are assigned-two-byte codes: an 0xff byte followed by a byte which is not equal to 0x00 or Oxff.
Any margker may optionally be preceded by any number of fill bytes, which are bytes of the value 0xff.

—_—

NOTE Becauseof this special code-assignment structure, markers make it possible for a decoder to pars
the comyjresged’data and locate its various parts without having to decode other segments of image data.

[¢)

B.3 Marker assignments

All markers shall be assigned two-byte codes: a 0xff byte followed by a second byte which is not equal
to 0x00 nor Oxff. The second byte is specified in Table B.1 for each defined marker. An asterisk (*)
indicates a marker which stands alone, that is, which is not the start of a marker segment. Most of the
marker segments used by this document are defined in Rec. ITU-T T.81 | ISO/IEC 10918-1, though some
marker segments defined there shall not be used in this document. For completeness, these markers are
also included in Table B.1. Furthermore, care must be taken that the parameters of some markers are
more constraint than in Rec. ITU-T T.81 | ISO/IEC 10918-1, and the meaning of several markers changed
slightly. Such changes are also indicated in Table B.1, and a full specification of the changes follows.

8 © ISO/IEC 2020 - All rights reserved
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Table B.1 — Markers and marker segments

Code assignment Symbol Description Defined in
Start of frame markers valid in this document
0xFFCO SOF, Baseline DCT process This document
0xFFC1 SOF, Extended sequential DCT

process limited to 8 bit
sample precision (extend-
ed sequential, Huffman
TOAITg, 8-bitsampie
precision)

OxFFC2 SOF, Progressive DCT process
limited to 8 bit sample pre-
cision (spectral selection
only, Huffman coding, 8-bit
sample precision or full
progression, Huffman cod-
ing, 8-bit sample precisidn)

btart of frame markers defined in Rec. ITU-T T.81 | ISO/IEC 10918-1 that shallnot be used in this document

PxFFC3 SOF, Additional start of frame |Rec.ITU-T T.81 | IS0/

{)XFFCS SOF. markers, shall netbe used. |IEC 10918-1

OxFFC6 SOF

xFFC7 SOF,

xFFC9 SOF,

OxFFCA SOF

)xFFCB SOF,,

PxFFCD SOF,,

OxFFCE SOF,,

xXFFCF SOF

Table specifications valid in this document

OxFFC4 DHT Define Huffman tables Rec. ITU-T T.81 | I§0/
IEC 10918-1

(0xFFDB PQT Define quantization tables |Rec. ITU-T T.81 | I§0/
IEC 10918-1

Restart interval termiration valid in this document

0xFFDO through 0xFEFP7 |RST,," Restart modulo 8 count 'm'|Rec. ITU-T T.81 | IO/
IEC 10918-1

OxFFDD DRI Define restart interval Rec. ITU-T T.81 | I§0/
IEC 10918-1

Dther niarkers valid in this document

PxFFD8 sor- Start of image Rec. ITU-T T.81 | IS0/

0xEED9 EQr* End of image IEC 10918-1

0xFFDA SOS Start of scan

O0xFFFE CoOM Comment
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Table B.1 (continued)

Code assignment

Symbol

Description

Defined in

JPEG extension markers valid in this document

and 15

0xFFEO APP, JFIF application marker Rec. ITU-T T.86 | ISO/
IEC 10918-4 and Rec.
ITU-T T.871 | ISO/
IEC 10918-5
0xFFE1 APP, EXIF application marker  [Rec.ITU-T T.86 | ISO/
0xFFE2 APP, ICC profile marker Rec. ITU-T T.86 | ISO/
IEC 10918-4 and Rec.
ITU-T T.871 | ISQ/
IEC 10918-5
OxFFE3 through 0xFFE8 |APP; through APPy, Application markers 3 Rec. ITU-T{I.86 | ISO/
through 10 IEC 10918-4
OxFFEB APP 4 JPEG XT marker Thisdocument
0XFFEC APP,, Application marker 12 RecCATU-T T.86 | SO/
IEC 10918-4
OxFFED APP; 5 Component decorrelatieni’’| This document
control marker
OxFFEE through OxFFEF |APP,, through APP¢ Application markers 14 Rec. ITU-T T.86 | ISO/

IEC 10918-4

Markerg defined in other specifications that shall not be used in this\document

nents

0xFFC8 JPG Reserved'for JPEG exten- |Rec. ITU-T T.81 | ISO/
sions [EC 10918-1

0xFFCC DAC Definé arithmetic coding
conditions

0xFFDC DNL Define number of lines

0xFFDE DHP Define hierarchical pro-
gression

0xFFDF EXP Expand reference compo-

All othef values

Reserved for ITU/ISO pur-
poses, shall not be used in
this document

B.4 Marker segments

A marker segment(consists of a marker followed by a sequence of related parameters. The firs
parameter in agndrker segment is the two-byte length parameter. This length parameter encodes t
number|of bytes in the marker segment, including the length parameter and excluding the two-by
marker. [The marker segments identified by the SOF and SOS marker codes are referred to as headers:
the frame readeramnd the scam header respectively:

B.5 Entropy-coded data segments

An entropy-coded data segment contains the output of an entropy-coding procedure. It consists of an
integer number of bytes created by the Huffman coding procedure. An entropy coded data segment
stands for itself and is started by an SOS marker.

Entropy coded segments shall be always a multiple of 8 bits long, and shall be padded by 1 bits at the
end of the segment to fill an entire byte. In order to ensure that a marker does not occur within an
entropy-coded segment, the encoder shall insert a 0 byte into the output bitstream following any 0xff
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byte generated by either the Huffman encoder or by the above termination algorithm. Decoders shall
remove such "stuffed" zero bytes before feeding the resulting bitstream into the Huffman decoder.

B.6 High-level syntax
The high-level syntax of the codestream defined in this document shall follow the syntax of the

interchange format specified in Rec. ITU-T T.81 | ISO/IEC 10918-1:1994, B.2 and B.3 where only the
subset of the markers specified in Table B.1 shall be used.

Specifically, conforming codestreams shall start with an SOI marKker, Tollowed by a singlg frame,
fpllowed by a single EOI marker. The high level syntax is depicted in Table B.2.

Table B.2 — High-level syntax of the codestream

SOI Marker | Frame EOI

=z

OTE Rec. ITU-T T.81 | ISO/IEC 10918-1 allowed multiple frames for the hierarchical coding modg, though
his mode is not applicable in this document.

ot

frame consists of zero or more table definitions containing the coding parameters of the imgge data,
bllowed by the frame header, followed by one or more scans over th®image. The scan type is ihdicated
y the type of the SOF (start of frame) marker starting the frame leader, see Table B.1. The framp header
yntax is defined in B.2. The syntax of a frame is indicated in<Table B.3.

v o=y

Table B.3 — Syntax.of a frame

[Tables/JPEG extensions Frame header Scan, Scan
markers/misc]

Last

The tables consist of zero or more of the following marker segments:

— zero or more DHT marker segments(efining the Huffman code required for decoding the|entropy
coded segment,

-+ zero or more DQT marker ségnients defining the quantization matrix required to reconsfruct the
DCT coefficients,

-+ atmost one DRI markersegment defining the restart interval,

-+ an optional comiponent decorrelation control marker, defining the inverse multi-component
decorrelationtransformation for the bitstream,

-+ optionallyyadditional application specific data encoded in APP, markers, defined in other|parts of
the ISO/PEC 18477 series.

—+ optionally, one or more COM markers including additional codestream comments.

=z

QTE Unlike Rec. ITU-T T.81 | ISO/IEC 10918-1, DNL markers are not valid in this document. The sfze of the

: 1 1 1 1 1 11 1 c 1 1
IIdgC IS5 UTUS 1O DE CUHIPITIELY UCTIIICU Dy UIC IT 4AIIIC ITIEdUTT.

—

A scan consists of zero or more table definitions including coding parameters, followed by a scan header
starting with an SOS marker, and one or more entropy coded segments. If restart markers are disabled,
a scan shall only contain a single entropy coded segment. Otherwise, the scan may contain multiple
entropy coded segments separated by restart markers. The syntax of the restart markers shall follow
the definitions found in Rec. ITU-T T.81 | ISO/IEC 10918-1. The syntax of a scan is indicated in Table B.4.

There shall be at most one DQT table for each table destination in the codestream, replacing an already
defined quantization matrix by inserting a DQT marker segment with a table destination already
defined earlier in the codestream is invalid. Furthermore, the codestream shall include sufficient
information to be self-contained, i.e. to allow reconstruction of the sample values with information
contained in the codestream only.
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Additional requirements may apply to other marker segments found in the tables/extensions/misc
segment, they are defined together with the corresponding marker segment in this Annex.

Table B.4 — Syntax of a scan

m

[Tables/JPEG extensions Scan ECS, RST, ECS . st-1 | RSTpast ECS| 4t

arkers/misc] header

B.7 F

ame header syntax

Table B.
always i
Table B.

The fran

factors for each component, and specifies the destinations from which the quantized‘tables to be used

with eac

5 specifies the frame header which shall be present at the start of a frame. Frame header
tart with a SOF, marker, where n defines the type of the scans contained in the framie. Se
| for scan types supported by this document.

® wn

ne header specifies the dimensions of the image, the components in the frame, and‘\the samplinig

h component are retrieved.

Table B.5 — Frame header parameters and values

Parameter Size Value Meaning
(in bits)
SOF, 16 0xFFCO through 0xFFC2 |Start of framemndrker, indicating this marker seg-
ment and the type of the scans
Lf 16 8+3*Nf Size of themrarker segment not including the marker
P 8 8 Precisign of the low dynamic range representation of]
the:image contained in the codestream
Y 16 1-65535 Height of the sample grid in lines
X 16 1-65535 Width of the sample grid in lines
Nf 8 lor3 Number of visible components in the image
C 8 0-255 Component identifiers
H 4 laor2 Specification of the component sampling factors,
v 4 1 or2 see Table A.1 for allowable values and the relation
between H; V;ands; yands; ,,
Tq; 8 0-3 Quantization table destination selector
NOTE The frame header_syntax defined here is identical to the syntax defined in Rec. ITU-T T.81||
ISO/IEC [10918-1 except that'some parameters are restricted. Specifically, the bit precision of the components
is alwayg eight, the heightyis greater than zero indicating that the number of lines of the image is known, the
number ¢f componentSs-either one or three and the horizontal and vertical sampling factors are constrained tjo
the valuds listed inTabte A.1.
B.8 STan header syntax

The scan header defines the parameters necessary to decode a single scan over the image. For the

baseline
possible

or sequential frame syntax, this is the only scan that represents the image. Multiple scans are
in the progressive mode.

The syntax of the scan header follows the definition for the same marker in Rec. ITU-T T.81 |

ISO/IEC
ISO/IEC

12

10918-1, though some of the parameters are here more constrained than in Rec. ITU-T T.81 |
10918-1. The parameters and sizes of the scan header are defined in Table B.6.
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Table B.6 — Scan header parameters and values

. Values
Parameter Size Extended Meaning
(in Bits) Baseline xtence Progressive
Sequential
SOS 16 0xFFDA SOS marker, identifies the
start of the scan
Ls 16 6+2xNs Size of the marker segment
(not including the marker)
Ns 8 lor3 lor3 Number of components in the
(if the progressive scal
scan is a subse-
quent scan and
includes AC com-
ponents, only 1 is
allowed here)
Cs; 8 0-255 Component identifierfs of the
(shall be a subset of the component identifiers componentzcienfmed by the
defined in the frame header)
Td; 4 0-1 0-3 Huffman DC table spedification
Ta; 4 0-1 0-3 Huffman AC table spegdification
Ss 8 0 0-63 Start of spectral sel¢ction
Se 8 63 Ss-63 End of spectral sele¢ation
Ah 4 0 0-9 Successive approximation high
If nonzero, must be bit position
equal to Al+1
Al 4 0 0-8 Successive approximation low
bit position

o

OTE The scan header syntax defined here is identical to the syntax defined in Rec. ITU{T T.81 |
50/1EC 10918-1, though a scan contains-at most three components.

—_—

=

3.9 Component decorrelation control marker

he APP,; controls whether the multi-component decorrelation transformation described in Annex C
5 applied to the components before subsampling and entropy coding. This transformation typically
mproves the compression performance by representing data in an RGB type colourspace, g.g. RGB
Fith primaries‘defined by ITU-R Rec. BT.601 in a luma/chroma format that is close to YCbCr, elg. ITU-R
ec. BT.601This marker shall only be inserted into the codestream as parts of the table/misc fegment
" the number of components in the frame (Nf) is 3, and there shall be at most 1 such mark¢r in the
odestream. The marker parameters and sizes are defined in Table B.8, the organization of thg marker
5 shown in Table B.7.

e el et e |

I\ 7aXs.ial

NOTE This—marker —s—identicat—to—the—adobe——cotour nmamagement—mmarker—defimed— in  Rec.
ITU-T T.86 | ISO/IEC 10918-4, though the possible values of the parameters inside the marker segment are more
restricted.

Table B.7 — Organization of the component decorrelation control marker

OXFFED La ACid ver f1 £2 | e |
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