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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
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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 blocks of Rec.
ITU-T-T.81 | ISQ/IEC 10918-1 Rec ITU.TT.86 | ISQ/IEC 10918-4 and Rec ITI.T T.871 | ISQ/IEC 10918-5
to extend the functionality of the legacy JPEG coding system. It is optimized for good image quality and
compression efficiency while also enabling low-complexity encoding and decoding implemlentations.

© ISO/IEC 2020 - All rights reserved v
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Information technology — Scalable compression and
coding of continuous-tone still images —

Part 1:
Core coding system specification

1 3

This
conti
basis

cope
document specifies a coding format, referred to as JPEG XT, which is desighed p

for the entire ISO/IEC 18477 series.

The
const
unda

Rec.
conti

Rec.
conti
space

Rec.
conti

3 1

2 r]IQormative references

llowing documents are referred to in the text in such a way that some or all of {
itutes requirements of this document. For dated references, only the edition cited
Fed references, the latest edition of the referenced docuinent (including any amendme

TU-T T.81 | ISO/IEC 10918-1:1994, Information_technology — Digital compression a
nuous-tone still images — Part 1: Requirements and guidelines

huous-tone still images — Part 4: Registration of JPEG profiles, SPIFF profiles, SPIFF tags,
s, APPn markers, SPIFF compression types and Registration Authorities (REGAUT)

[TU-T T.871 | ISO/IEC 10918-5, \Information technology — Digital compression a
nuous-tone still images — Part 5PEG File Interchange Format (JFIF)

‘erms and definitions

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

rimarily for

huous-tone photographic content. This document defines the core coding€ystem, which forms the

heir content
applies. For
nts) applies.

nd coding of

ITU-T T.86 | ISO/IEC 10918-4, Information- technology — Digital compression and coding of

SPIFF colour

nd coding of

ISO apd IEC maintain_ferminological databases for use in standardization at the following addresses:
— IPO Onlinedbrowsing platform: available at https://www.iso.org/obp

— [EC Electropedia: available at http://www.electropedia.org/

3.1

bitstream

partially encoded or decoded sequence of bits comprising an entropy-coded 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 1
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encoding or decoding

3.6

compression

reduction in

3.7
component

the number of bits used to represent source image data

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

Note 1 to entry

3.8
continuous
image whosg

3.9

discrete cos
DCT

either the fo

3.10

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

tone image
b components have more than one bit per sample

ine transform

rward discrete cosine transform or the inverse discrete cosine'transform

downsampliing

procedure b

3.11

y which the spatial resolution of a component is reddeed

entropy-coded data segment

independent

3.12
marker
two-byte co
hexadecimal

3.13
marker seg
marker and

3.14
precision
number of b

3.15
procedure

ly decodable sequence of entropy encoded bytes of compressed image data

e in which the first byte is hexadecimal FF and the second byte is a value between
FE

ment
hssociated set of parameters

ts allocated t0 a particular sample or DCT coefficient

set of steps

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

1 and

3.16
sample
one element

3.17

in the two-dimensional array which comprises a component

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

© 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
vertical sampling factor

relativenumber of vertical data units of a pnrh'r‘n]::r rnmpr\hnnf with rncpnr‘t‘ tothe number of vertical

data Qinits 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

Si x subsampling factor of component i in horizontalydirection
Si,y subsampling factor of component i in vertical direction

H; subsampling indicator of component jn the frame header
V; subsampling indicator of component i in the frame header
Ve y sample value at the sample grid position x, y

4.2 (Abbreviated terms

ASCI] American Standard Code for Information Interchange
DC lowpass

AC highpass

LSB least significant bit

MSB most significant bit

DCT 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 multiplication

/ divisign without truncation or rounding

5.2.2 Assignment operators

= assignment operator

5.2.3 Pre¢edence order of operators

Operators are listed in descending order of precedence. If several operators appear in the samg
they have equal precedence. When several operators of equal precedence appear at the same level
expression, ¢valuation proceeds according to the associativity of the operator either from right {

or from left fo right.

line,
in an
o left

Operators Type of operation Associativity
O, 11 - expression left to right

- unary negation

x, / multiplication left to right

+, - addition and subtraction left to right

<, >, <=, >= relational left to right

5.2.4 Mathematical functions

[x]
Lx]

||

sign(x)

Ceilingof x. Returns the smallest integer that is greater than or equal to x

Floor of x. Returns the largest integer that is lesser than or equal to x.

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

Sign of x, zero if x is zero, +1 if x is positive, -1 if x is negative.

clamp(x, min, max)

6 General

Clamps x to the range [min, max]: returns min if x < min, max if x > max or

otherwise x.

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)

b)

6.2
The

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

source image
s as output a

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.

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. Ad
might be required that define the interpretation of the sample data, such as the spatia

ditional data
| dimensions

df the samples.

Functional overview on the decoding process

ly

decoder specifications defined in Rec. ITU-T T.81 | ISO/IEC 10918-1. If theresulting comp

are s
Follo
alrea

will

ibsampled, they are upsampled on a common sample grid following'the specification
ving that, the output data is processed by an inverse decorrelation transformation.

I

igh-level algorithm for decoding is as follows: The samples are first reconstructed f

y in an RGB type colour space, e.g. RGB with ITU-R Rec. BT:601 primaries, this tra
e the identity transformation. Otherwise, either the ICT is(used to transform the dz

ollowing the
bnent arrays
5 in Annex A.
[f the data is
nsformation
ita into RGB.

The ipverse decorrelation transformation is defined in Annex'€)and the markers that arg required to
select the transformation are defined in Annex B.

6.3 |Encoder requirements

An erfcoding process converts source image data te sompressed image data. This includes fifst obtaining
a low dynamic range image, and representing>it by a coding process specified in Rec. [TU-T T.81 |
ISO/IEC 10918-1:1994, Annex F or Annex G.

In order to comply with this document];an encoder shall satisfy at least one of the fdllowing two

requirements. An encoder shall with appropriate accuracy, convert source image data to

imag
proce
in thg

Ther

proc
that
data

6.4

A de
to fo

e data which comply with theicodestream format syntax specified in Annex B for {

compliance tests is acgeptable.

b is no requirementhin this document that any encoder which embodies one of t
gsses specified hereshall be able to operate for all ranges of the parameters which ar
process. An encoder is only required to meet the compliance tests and to generate the
format according to Annex B for those parameter values which it does use.

Deceder requirements

foding process converts compressed image data to reconstructed image data. For

compressed
he encoding

ss(es) embodied by the encoder. A limited accuracy sufficient to match the error bounds specified

he encoding
e allowed for
compressed

that, it has

Tow the decoding operation specified In Rec. ITU-T T.8T [ ISU/TEC 10918-T Wi

h sufficient

accuracy, 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
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Annex A
(normative)

Component subsampling and expansion of subsampling

NOTE In this annex, the flowcharts and tables are normative only in the sense that they are defining an
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 C,
defined in the frame header of the codestream format specified in Annex B. The numher of compopents
Nf shall be efther 1 or 3. A component consists of a rectangular array of samples x; wide and y; samples
high. The cdmponent dimensions are derived from the image dimensions X and’Y, also paranieters
recorded in [the frame header. These two parameters define a sample grid, 6f X grid points widg and
Y grid point$ high, where the left topmost grid coordinate is (0, 0) and ceordinates increase frOJ:l left
to right and|from top to bottom. However, the dimensions of the component do not need to coincide
with the dimjensions of the image. For each component, two subsamplinig factors s; , and s; ,, definje the
spacing betyeen sample points of component i relative to the sample‘grid and the 51ze of the comppnent
array. If X anld Y are the dimensions of the sample grid, the size of component i with subsampling fgctors

s;, andsy 5

[X/six| and [Y/8y]

Upsampling by interpolation from surrounding samplés as specified in Annex A generates then sgmple
values on alllgrid points of the sample grid.

The subsampling factors s; , and s; ,, are not directly represented in the binary codestream or any|of its
markers, but shall be derlved from the parameters H; and V; recorded in the frame header. If Nf equals
1, i.e. the impge consists of a single component, H, and \'A shall be 1,and s; , and s; , are both 1{ If Nf
equals 3, Talple A.1 defines the relationbetween H;, V;and s; , and s; ,. No other combinations of H; and
V; than thosg¢ listed in Table A.1 shall bé used.

Table A.1 — Sampling values

Hy Y H, Vo Hs Vs S1,x Sty S2,x S2,v S3,x By

1 1 1 1 1 1 1 1 1 1 1

2 D 2 1 2 1 1 1 1 2 1 2

2 1 2 1 2 1 1 2 1 2 1

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.

Ina first step, check for each componentiwhethers; , is 2 or 1.1f s; , is 1, copy the reconstructed samples
to the_intermediate image v(uPY) directly. Otherw1se compute the intermediate image v(UuP¥) from the
recorjstructed samples v by first setting v, _; to v, g and v, ry/» to Vv, ry/y7_4, and then set for all x such
that § < x <X and all y such such that 0 <y < [Y/2]:

v[epy) 5y = L(vygy-1#3xvy ,+1 + (x mod 2))/4]

VISP, oo = LV t3%Vyy*2 - (x mod 2))/4]

The dutputs vuP¥), ; 1y 5, are discarded if the image height Y is odd.

In a spcond step, check for each component i whether s, , is 2 or ¥fs, , is 1, copy the intermpdiate image
to the outputimage directly. Otherwise, compute the output image VCUP' ¥) from the intermpdiate image
v(upyl by first setting v(upy)_; o to vupy)y and vIUPy) 1y 5 €0'VPY) [y 1 o and then set for all y such
that § <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 ”p’X’Y)zxn,y = L(V(“p'Y)X+1,y+3 xv(uP’YJX,y+1) J4 |

The dutputs vuP*¥), ry >,  are discardéd if the image width X is odd.

+1,y

A.4 |Downsampling of components

This flocument does not define a normative procedure by which the resolution of componepnts whose
si, x and si, y factors aresot both one shall be reduced. Any procedure that generates components of
the size [X/si,x| and ([¥Y/siy]| is acceptable as long as it is compatible with the upsampling procedure
defined above. A very-simple downsampling filter is given in the next subclause.

A.5 |Downsampling by a box filter

The Rox filter is the simplest possible downsampling filter and provides only poor quality. [Even though
bettb alternf\f}‘vres avict thohav filtar i 1S nntrowflﬂo]ncc nracantad hara ac an avamnla Thao iny ut ofthe bOX

CXTO Tt ooXTITTe T T I O o Pr o Tt e O e T oo o T PICT T ITC I

filter is a X x Y component array of samples, where the sample value at position x, y is denoted by v,

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

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

NOTE1 This annex defines the compressed bitstream syntax which, structurally, consists of an ordered
collection of marker segments and entropy coded data segments. Marker segments specify parameters necessary
to reconstru ; i parts
are representled with byte-aligned codes, each compressed data format consists of an ordered sequenece. of 8-bit
bytes. For eadh byte, a most significant bit (MSB) and a least significant bit (LSB) are defined.

n Rec.
s and

NOTE 2 The codestream syntax defined here agrees mostly with the "interchange format" defined i
ITU-T T.81 | IFO/IEC 10918-1, with some additional constraints on the parameters in the marker segmen
some additiorjal markers carrying information that is irrelevant for the older standard.

B.1 Parameters

Parameters
and other fe

stics,
yte or

are integers, with values specific to the encoding process;.source image character
htures selectable by the application. Parameters are assigned either 4-bit, 1-byte, 2-bj

4-byte codes
without whi
a parameter
parameter.

. Except for certain optional groups of parameters, parameters encode critical inform
ch the decoding process cannot properly reconstruet the image. The code assignme
shall be an unsigned integer of the specified lepgth’/in bits with the particular value

For parametlers which are 2 bytes (16 bits) in length, the most significant byte shall come first j

compressed
in length, w}
4 bits in len
4-bit paramg
4-bit paramg
"big endian"

data’s ordered sequence of bytes. The same holds for parameters that are 4 bytes (3
nere bits are ordered in the codestream in decreasing significance. Parameters whic
bth always come in pairs, and thepair shall always be encoded in a single byte. The
ter of the pair shall occupy the most significant 4 bits of the byte. Within any 32-, 16-,
ter, the MSB shall come first ahd LSB shall come last. This encoding is commonly knoy
representation of unsigned-integers.

B.2 Mark

ers

ation
nt for
bf the

n the
2 bit)
h are

first
8-, or
vn as

Markers serye to identify the various structural parts of the compressed data formats. Most mafrkers
start markef segments«containing a related group of parameters; some markers stand along. All
markers arejassigned-fwo-byte codes: an 0xff byte followed by a byte which is not equal to 0x00 oy 0xff.
Any marker may optienally be preceded by any number of fill bytes, which are bytes of the value (xff.

parse

cial code-assignment structure, markers make it possible for a decoder to

0 N3 A N0 N4 omen 0 MAgce dalra

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.

© 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

0xFFC1

SOF,

Extended sequential DCT
process limited to 8 bit
sample precision (extend-
ed sequential, Huffman
coding, 8-bit sample
precision)

This document

0xFFLC2

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 precisionj

Start|of frame markers defined in Rec. ITU-T T.81 | ISO/

IEC 10918-1 that shalt not be used in this dpcument

Additional start ofdrame

markers, shallmot be used.

OXFF[3 SOF,
O0xFF5 SOF;
0XFFL6 SOF,
O0xXFFL7 SOF,
0xFFC9 SOF,
OXFFCA SOF
OXFFCB SOF,,
OXFFCD SOF,
OXFFCE SOF,,
O0xFFCF SOF

Rec. ITU-T T.81 | ISO/
IEC 10918-1

Tablg specifications valid in this document

0xFFLC4 DHT Define Huffman tables Rec. ITU-T T.8]1 | ISO/
IEC 10918-1

0xFFDB DQT Define quantization tables |Rec. ITU-T T.8[1 | [SO/
IEC 10918-1

Restart interval termjnation valid in this document

0xFFPO through OxEFD7 |RST,," Restart modulo 8 count 'm'|Rec. ITU-T T.8[1 | [SO/
IEC 10918-1

0xFFDD DRI Define restart interval Rec. ITU-T T.81 | ISO/
IEC 10918-1

Other markers valid in this

document

Rec. ITU-T T.81 | ISO/

0xFFD8 SOT Start of image

0xFFD9 EOI* 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/
IEC 10918-4
OxFFE2 APP, ICC profile marker Rec. ITU-T T.86 | ISO/
IEC 10918-4 and Ree,
ITU-T T.871 | ISQf
IEC 10918-5
OxFFE3 throyigh 0xFFE8 |APP; through APP,, Application markers 3 Rec. ITU-T T.86 | ISO/
through 10 IEC 10918:4
0xFFEB APP4 JPEG XT marker This-document
0XFFEC APP,, Application marker 12 Rec™NTU-T T.86 | SO/
[EC 10918-4
OxFFED APP; 5 Component decorrelation\'| This document
control marker
OxFFEE thropgh OxFFEF |APP,, through APP¢ Application markers 14 Rec. ITU-T T.86 | ISO/

IEC 10918-4

Markers defi

hed in other specifications that shall not be used in thisdocument

nents

0xFFC8 JPG Reservedfor JPEG exten- |Rec.ITU-T T.81 | ISO/
sions [EC 10918-1

0xFFCC DAC Define arithmetic coding
conditions

0xFFDC DNL Define number of lines

0xFFDE DHP Define hierarchical pro-
gression

0xFFDF EXP Expand reference compo-

All other valyes

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

B.4 MarKer segments

A marker s
parameter i

poment. consists of a marker followed by a sequence of related parameters. The
a marker segment is the two- -byte length parameter. This length parameter encode

number of b , ,
marker. The marker segments 1dent1f1ed by the SOF and S0S marker codes are referred to as headers
the frame header and the scan 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 marker, followed by a single frame,
followed by a single EOl marker. The high level syntax is depicted in Table B.2.

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

SOI Marker | Frame EOI

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

A frame consists of zero or more table definitions containing the coding parameters of th¢ image data,
followed by the frame header, followed by one or more scans over the'image. The scan typg is indicated
by the type of the SOF (start of frame) marker starting the frame-header, see Table B.1. The frame header
syntdx is defined in B.2. The syntax of a frame is indicated in Table B.3.

Table B.3 — Syntax-of a frame

[[Fables/JPEG extensions Frame header Scan, Scan o
markers/misc]

The tpbles consist of zero or more of the follewing marker segments:

— Zero or more DHT marker segments@efining the Huffman code required for decoding the entropy
oded segment,

Q

|
N

ero or more DQT marker segments defining the quantization matrix required to redonstruct the
DCT coefficients,

— most one DRI marker segment defining the restart interval,

— an optional component decorrelation control marker, defining the inverse multi-component
ecorrelation transformation for the bitstream,

— dptionally~additional application specific data encoded in APP, markers, defined in other parts of
the ISO/IEC 18477 series.

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

NOTE Unlike Rec. ITU-T T.81 | ISO/IEC 10918-1, DNL markers are not valid in this document. The size of the
image is thus to be completely defined by the frame header.

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

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

markers/misc] header
B.7 Frame header syntax
Table B.5 snecifies-the frame header which shall be present-at the start of 2 frame. Frame headers
always starf with a SOF,, marker, where n defines the type of the scans contained in the frath¢. See
Table B.1 for|scan types supported by this document.
The frame h¢ader specifies the dimensions of the image, the components in the frame, and\the sanjpling
factors for epch component, and specifies the destinations from which the quantized tables to bel used
with each component are retrieved.

Table B.5 — Frame header parameters and values
Parametey Size Value Meaning
(in bits)
SOF, 16 0xFFCO through 0xFFC2 |Start of frame marker, indicating this marker seg-
ment and theé type of the scans
Lf 16 8+3*Nf Size of théumarker segment not including the marker
P 8 8 Precision of the low dynamic range representati¢pn of
thel4imiage 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

G; 8 0-255 Component identifiers

H; 4 1 o1-2 Specification of the component sampling factors,

V. 4 Por 2 see Table A.1 for allowable values and the relatiop

! between H; V;ands; , ands, ,

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 1091B-1 except that\some parameters are restricted. Specifically, the bit precision of the compgnents
is always eight, the heightis greater than zero indicating that the number of lines of the image is knowjn, the
number of components 1§ either one or three and the horizontal and vertical sampling factors are constrained to

the values lisf

ed inFable A.1.

B.8 Scan

eader syntax

The scan header defines the parameters necessary to decode a single scan over the image. For the
baseline or sequential frame syntax, this is the only scan that represents the image. Multiple scans are
possible 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 10918-1, though some of the parameters are here more constrained than in Rec. ITU-T T.81 |
ISO/IEC 10918-1. The parameters and sizes of the scan header are defined in Table B.6.

12
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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
SCan
(if the progressive
scan is a subse-
quent scan and
includes AC com-
ponents, only 1 is
allowed here)
Cs; 8 0-255 Component identifiers of the
(shall be a subset of the component identifiers componentzcierfmed by the
defined in the frame header)
Td; 4 0-1 0-3 Huffman DC table|specification
Ta; 4 0-1 0-3 Huffman AC table|specification
Ss 8 0 0-63 Start of spectrdl selection
Se 8 63 Ss-63 End of spectral|selecation
Ah 4 0 0-9 Successive approyimation high
If nonzero, must be bit position
equal to Al+1
Al 4 0 0-8 Successive approximation low
bit positfion

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

B.9 [Component decorrelation control marker

The APP,; controls whether the multi-component decorrelation transformation describegl in Annex C
is applied to the components before subsampling and entropy coding. This transformatjon typically
impr¢ves the compression performance by representing data in an RGB type colourspace, e.g. RGB
with primaries‘defined by ITU-R Rec. BT.601 in a luma/chroma format that is close to YCb(r, e.g. ITU-R
Rec. BT.601.:Fhis marker shall only be inserted into the codestream as parts of the table/misc segment
if thg number of components in the frame (Nf) is 3, and there shall be at most 1 such njarker in the
codegtream. The marker parameters and sizes are defined in Table B.8, the organization olf the marker

is showainTable B+

NOTE This marker is identical to the "adobe colour management”" marker defined 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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