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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.
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cedures used to develop this document and those intended for its further maintenance
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval (criterip
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tion and/or on the ISO list of patent declarations received (see wwxviso.org/patents) or the [EC
tent declarations received (see https://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
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fument was prepared by Joint TechnicalCommittee ISO/IEC JTC 1, Information technolog]
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.
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ond edition cancels and replaces:the first edition (ISO/IEC 21122-5:2020), which has bee
lly revised.

ated reference software:
b1l parts in the ISO/IEC 21122 series can be found on the ISO and [EC websites.

dback or questions on this document should be directed to the user’s national standard
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Introduction

This document is part of a series of standards for a low-latency lightweight image coding
denoted JPEG XS.

It provides the software reference implementation of the ISO/IEC 21122-1 and ISO/IEC

system,

21122-2

standards. It has been successfully compiled and tested on various operating systems at the time of

writing. It is important to note that this reference software implementation represents just on

e way of

implementing JPEG XS. This implementation can serve as a validation anchor to other implementations.

o guarantee of the quality that will be achieved by an encoder is provided by its conf
tp ISO/IEC 21122-1 and ISO/IEC 21122-2, as the conformance is only defined in terms of
nstraints imposed on the syntax of the generated codestream. In particular, while-sample
spftware implementations may suffice to provide some illustrative examples of which qualit
chieved within the ISO/IEC 21122 series, they provide neither an assurance of.minimum gus
inage encoding quality nor maximum achievable image encoding quality.

imilarly, the computation resource characteristics in terms of programi or data memor
xecution speed, etc. of sample software encoder or decoder implementations should not be cd
s a representative of the typical, minimal or maximal computational resource characterist
xhibited by implementations of the ISO/IEC 21122 series.

O QO D

|

he International Organization for Standardization (ISO)(and the International Electro
(Jommission (IEC) draw attention to the fact that it is claimfed that compliance with this docum
hvolve the use of a patent.

—e

p—

50 and [EC take no position concerning the evidence, validity and scope of this patent right.

he holder of this patent right has assured ISO and'lEC that he/she is willing to negotiate licenc
easonable and non-discriminatory terms and:¢onditions with applicants throughout the worl
espect, the statement of the holder of thispatent right is registered with ISO and IEC. Informat
e obtained from the patent database ayailable at www.iso.org/patents or https://patents.iec.d
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encoder
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ttention is drawn to the possibilitithat some of the elements of this document may be the
f patent rights other than those.in"the patent database. ISO and IEC shall not be held respon
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INTERNATIONAL STANDARD ISO/IEC 21122-5:2022(E)

Information technology — JPEG XS low-latency lightwe
image coding system —

Part 5:
Reference software

1 Scope

This document contains the reference software of the ISO/IEC 21122 series. It a6ts“as a guid
mplementation and as a reference for conformance testing.

—

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

]

50/1EC 21122-1, Information technology — JPEG XS low-latency lightweight image coding systen
: Core coding system

=

Ny —

: Profiles and buffer models

3 Terms and definitions

v wl

or the purposes of this document; the terms and definitions given in ISO/IEC 2112
50/1EC 21122-2 apply.

[l

I50 and IEC maintain terminolegy databases for use in standardization at the following addres

- ISO Online browsing platform: available at https://www.iso.org/obp

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

4 Reference software

4.1 General

ight

eline for

content
lies. For
applies.

1 — Part

5O/1EC 21122-2, Information technology — JPEG XSdew-latency lightweight image coding system — Part

2-1 and

Ses:

]

h@ddition to the main text, including Annexes A to C, the reference software is available at

https://

standards.iso.org/iso-iec/ 21122/-57ed-2/eny.

4.2 Purpose

The purpose of this document is to provide the following:

— Provide a reference decoder software implementation, capable of decoding codestreams that

conform to ISO/IEC 21122-1, or to ISO/IEC 21122-1 and ISO/IEC 21122-2.

— Provide a sample encoder software implementation, capable of producing codestreams that
to ISO/IEC 21122-1, or to ISO/IEC 21122-1 and ISO/IEC 21122-2.

© ISO/IEC 2022 - All rights reserved
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The use of this reference software is not required for making an implementation of an encoder or
decoder in conformance to any of the parts of the ISO/IEC 21122 series. Requirements established in
ISO/IEC 21122-1 and ISO/IEC 21122-2 take precedence over the behaviour of the reference software.

The reference decoder software generates the normative output of the decoding process specified
by ISO/IEC 21122-1. The output of the reference decoder satisfies the requirements of the strict
conformance point of ISO/IEC 21122-4. It therefore allows conformance testing by means of comparing
the output of a candidate implementation by that of the reference software specified in this document.
Conformance testing is specified in ISO/IEC 21122-4. The reference decoder software can also be used
to validate the syntactic correctness of a codestream hy attempting to decode a candidate caodestrean

with thd reference software.

4.3 Examples of use
Some exfamples of use for the reference decoder software implementations are as follows:
— As dn illustration of how to perform the decoding processes specified in ISO/IEC21122-1.

— As the starting basis for the implementation of a decoder that conforms to ISO/1EC 21122-1.

[72)

— For [testing the conformance of a decoder implementation to ISO/IEC 21122-1 with the procedurg
spetified in ISO/IEC 21122-4. Details on reference testing can be foundin ISO/IEC 21122-4.

o

— For[non-exhaustive) testing of the conformance of a codestreamqor file) to the constraints specifie
in I§O/1EC 21122-1.

The lacK of detection of any conformance violation by any reference software implementation shoul
not be donsidered as a definite proof that the codestream under testing conforms to all constraint
required for it be conforming to ISO/IEC 21122-1 or ISQ/AEC 21122-2. In fact, ISO/IEC 21122-4 defing
additionjal testing procedures that can be used to test a’codestream for conformance to ISO/IEC 21122
and ISO/IEC 21122-2, such as for example testing thé’conformance to the buffer models specified ther¢

R own

Some exfamples of use for a sample encoder softiare are as follows:

— As 3n illustration of how to implement-an encoding process that produces codestreams that are
conforming to ISO/IEC 21122-1 and 1SO/IEC 21122-2.

jom

— As starting point for an implémentation of an encoder that conforms to ISO/IEC 21122-1 an
ISOfIEC 21122-2.

—

— As 4 means of generatinig/codestreams conforming to ISO/IEC 21122-1 and ISO/IEC 21122-2 fo
testjng purposes.

— As 4 means of demonstrating and evaluating examples of the quality that can be achieved by ap
encpding process that conforms to ISO/IEC 21122-1 and ISO/IEC 21122-2.

—

It is not{recommended to use the reference software in a production environment, as it lacks propg
protectipn:mechanisms against memory corruption and code execution exploits.

5 Copyright, licensing and intellectual property

The reference software was originally developed by the parties indicated in the file LICENCE.md within
the package forming a part of this document, in the course of development of ISO/IEC 21122-5. ISO/
IEC draws the attention of the users of this software to the license terms and conditions specified in the
same LICENSE.md file.

2 © ISO/IEC 2022 - All rights reserved
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Annex A
(informative)

Building the reference software

o

1.1 Unpacking the software

—

he reference software is provided in the form of a ZIP archive named xs ref sw _ed2.'zip. Uy
he archive is operating system specific, but on most POSIX compliant operating systems thi
done by opening a command line terminal and issuing the following:

—

unzip xs ref sw ed2.zip

—

his will unpack all files in the archive into the current directory.

NS

1.2 Building the software

—

he source code is written in C11 and is designed to run on miest modern operating systems. Tj
pols and versions depend on the operating system and thé ¢ompiler to be used. A README.n
hcluded with the software describing the steps to build the software.

— =+

packing
s can be

he exact
nd file is
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Im

B.1 G

The reference software supports a wide variety of image file formats, used as input for the encoder an
as output for the decoder, that are well established and easy to use, understand, and implement. Thi

Annex B
(informative)

age file formats read and written by the reference software

bneral

n

annex describes the three most important image file formats.

B.2 PGX

B.2.1 General

This clapse describes the PGX image file format, supported by the reference software and used by
ISO/IEC|21122-4 for the decoded reference images. This file format is capable of representing any inpyt
or outpyt image that is supported by JPEG XS (1 or more components and 1 to 16 bits per componerjt
value).

The format consists of a directory file, one header file per’component, and one raw data file pdr
compongnt.

NOTE The difftest ng tool (see ISO/IEC 21122-4)-¢an convert between PGX and many other image file
formats.

B.2.2 Directory file

The dirgctory file is the file that is provided as input file to the comparison tool (PGX file extension). It

consists|
relative

line feed character (ASCII 10=0x0a).

NOTE

sequencyq.

B.2.3
The hea

the posflfix , zaw and replacing it by the postfix .h. It describes the format in which the raw format is
encoded. There is one separate header file per component.

for each component, of the file.name of the raw data file encoded in ASCII (see Reference [1]),
to the path where the directory file is located. Each raw data file name is terminated by a single

The PGX directory.file/does not separate lines by CR/LF pairs, i.e. the ASCII 13=0x0d, 10=0x0a code

Header file

ler file is\derived from the file name of the raw data file listed in the directory file by removinig

Each header file consists of a single line, terminated by a single Line Feed character (ASCII 10=0x0a)

describi

ng the format. It consists of the following fields, where angle brackets < > indicate parameters

described below and spc indicates a blank space (ASCII 32=0x20):

p<d
where:
P

4

ataformat>SPC<endian>SPC<signed><precision>SPC<width>SPC<height>

identifies the header file and shall be present. It has no particular meaning beyond
format identification.

© ISO/IEC 2022 - All rights reserved
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<dataformat> identifies the sample format. ISO/IEC 21122 stores integer samples only, which are

indicated by the single character G as dataformat.

<endian> identifies the endianness of the encoded data. The character sequence M1 indicates
big endian encoding, i.e. most significant byte first, the character sequence 1u little

endian encoding, i.e. least significant byte first.

<signed> indicates whether sample values are signed or unsigned. ISO/IEC 21122 covers only

unsigned samples, indicated by the character + in this field.

B.2.4 Data file

ach data file contains the sample values themselves in raster scafi-order, left to right, top to
[ the precision of the component is 8 bits or below, each sampleiis‘represented in 8 bits, right
b the entire byte, i.e. unused bits remain 0 and make up the most-significant bits of the by
recision of the component is larger than 8 bits, each sample\is represented by two bytes, en
he order indicated by the header, i.e. either most significant byte first if the endianness field
yith the least significant byte first if the endianness field is 1. The data bits are right-aligned
wo bytes, most significant bits remain 0 if necessary:.

& < oty et =

=

.3 NetPBM (PPM/PGM)

=

0.3.1 General

he NetPBM formatl2l is capable of ¢drrying images of bit depths P between 1 and 16 bits per con
Uith either 1 or 3 components perJsample. In the case of single component (i.e. grayscale) im4
le extension PGM (Portable Gray Map) is used. In the case of 3 component images, the file e
PM (Portable Pixel Map) is-used.

o <

Vhile 3 component PPM:files are specified to describe images in the sRGB colour space, the r
pftware is agnostiCto” any colour space specification and will only encode and decode raw
alues.

< W

PGM/PPM<file consist of a header that describes the dimensions and bit depth of thg
oncatenated with the binary sample values contained in the image in raster scan order, left
pbp to bettom, with 1, 2, 3 or 6 bytes per sample (depending on the number of components an
epth P).

Q. o N

precision> indicates the bit depth of the sample values in the component described by this header
file. The bit depth is represented as ASCII encoded decimal number.

width> is the number of samples per line for this component, represented'as’ASCII pncoded
decimal number.

height> is the number of lines of the image, represented as ASCII encoded decimal number.

bottom.
aligned
e. If the
roded in
is ML, or
into the

hponent,
hges, the
Ktension

bference
sample

b image,
to right,
d the bit

it dppfhc of P>16 cannothe rnprpcpnh:d hy the NetPBM format

B.3.2 Header

The header is constructed as follows:

— Two ASCII (see Reference [1]) characters identifying this file as a NetPBM file:
— For single component images (PGM): ps

— For 3 component images (PPM): p¢

— Anarbitrary number of white space characters, i.e. blank (ASCII 32=0x20), TAB (ASCII 9=0x09) Line

Feed (ASCII 10=0x0a) or Carriage Return (ASCII 13=0x0d);

© ISO/IEC 2022 - All rights reserved
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— Ani

ntegral image width in the number of sample positions, formatted as ASCII decimals;

— White space;

— Ani

ntegral image height in the number of sample positions, formatted as ASCII decimals;

— White space;

— A maximum sample value formatted as ASCII decimals. This maximum sample value is a number of
the form 2P-1 where P is the bit depth of the samples.

— Asi
B.3.3

B.3.3.1

Followirx
follow, i
bytes, d

B.3.3.2
In thisc
significg
B.3.3.3

In this d
aligned
8 most §
denoted

B.3.3.4

In this d

ngle white space character.

Data

General

[72)

g the header (immediately after the single white space character), the WxH sample valug
h raster scan order, left to right, top to bottom. Each sample value is represénted by 1, 2, 3 or
epending on the bit depth P and the number of components (i.e. 1 or 3 components).

[®))

Bit depth P<8 and 1 component

hse, each sample value is encoded in binary, in a single byte, fight aligned with the unused mogt
nt bits set to zero.

Bit depth P>8 and 1 component

ase, each sample value is encoded in binary, in>16 bits (two bytes). The data bits are right
nto the two bytes, with the unused most significant bits set to zero. The first byte contains th
ignificant bits, while the second byte contains the least 8 significant bits. This format is als
as big endian.

[N ¢’]

Bit depth P<8 and 3 components

ase, each sample value is encoded in binary, in 3 bytes, first the red, then the green, then t

blue colpur coordinate relative toscolour primaries that are of no relevance for the reference softwar¢.

The dat:
colour c

B.3.3.5

In this ¢
two byt
colour c
most sig

| bits are right-aligned with the unused most significant bits set to zero. This format stores t
pbordinates interleaved:

Bit depth P>8.and 3 components

hse, each sample value is encoded in binary, in 6 bytes. The data bits are right-aligned into t

s, with.the 'unused most significant bits set to zero. First the 8 most significant bits of the re
pbordinate, followed by the least 8 significant bits of the red colour coordinate, followed by the
nifieant bits of the green colour coordinate, followed by the 8 least significant bits of the gree

colour c

pordinate, followed by the 8 most significant bits of the blue colour coordinate, then the 8 leagt

significant bits of the blue colour coordinate. This format is also denoted as big endian, and stores the
colour coordinates interleaved.

B.4 Planar YUV

B.4.1 General

The YUV image file format is an unframed format, i.e. the data does not include any indication of the
dimensions and bit depths of the image. Such side information need to be given to the sample encoder as
command line parameters, and is required for converting YUV into other formats for visual inspection

of such i

6

mages. YUV files always consist of an even width of (luminance) samples.

© ISO/IEC 2022 - All rights reserved
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Sample precisions P>16 cannot be represented by ISO/IEC 21122-1 and are thus irrelevant for the
purpose of this document.

A YUV file of an image of width W and height H consists of the following (in order):

— Ny sample values of the luminance channel Y, in raster scan order left to right, top to bottom;

— N, sample values of the U chrominance channel, in raster scan order, left to right, top to bottom;

— N, sample values of the V chrominance channel, in raster scan order, left to right, top to bottom.

H
f

A —

v w]

ach individual sample value is encoded in either one or two bytes, depending on the bit de
bllows:

- If P<8, one byte per sample is used to encode a value, and the data bits are right‘aligned,
unused most significant bits set to zero.

- [f 8<P<16, two bytes per sample are used to encode a value, and the databits are right-alig
the two bytes, with the unused most significant bits set to zero.

h addition, values Ny N,, and N, represent the number of sample\ values for respective
hminance, the U chrominance, and the V chrominance channels. Their specific value depend
UV subsampling format.

or YUV 4:4:4, the following numbers apply: Ny = WxH, N, = WxH,and N, = WxH.
or YUV 4:2:2, the following numbers apply: N, = WxH, No& WxH/2, and N, = WxH/2.
or YUV 4:2:0, the following numbers apply: N, = WxHN, = WxH/4, and N, = WxH/4.

bth P, as

with the

ned into

y the Y
s on the
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Annex C
(informative)

Using the reference software

C1l G
This ant]
pleaser
C2 D

The dec
support

Jxs
The dec

-D

-F <fil

-f <num

-n <num
-V

NOTE
encoding

Example

Ixs

bneral

ex provides guidelines on how to use the reference decoder and encoder. For more information,
bfer to the packaged rREaDME . md and the source code.

pcoding

[}

pder takes a JXS file and generates from that a decoded image (many output image formats ar
bd, like PPM, PGM, YUV, and PGX). To run it, use:

| decoder [options] <codestream.jxs> <output>

pder accepts the following options:

This option will print to the console the acttial JPEG XS configuration used in thie
JXS file as a string. The string represents.XS'encoding parameters that were used tp
generate the codestream. Applying theption twice (i.e. as -pp or as -p -p) will alsp
show the gain and priority values. See‘also Clause C.4 for the in-depth definition of
the syntax and the parameters.

i This option will generate a text'output file containing the extraction of codestream
fragment sizes and code group counts, as described in Reference [3].
per> Tells the decoder to interpret the input and output as a sequence of files (for framg-

based video sequencing). The number specifies the first frame index to process. T|
be used in combination with -n.

o

per> Specifies the total number number of frames to process.

Output'verbose. Use multiple times to increase the verbosity.

w

If the -D optiowis provided, but the output file name is not given, the decoder will only output the X
parameters.of the codestream.

| deCoder -v woman.jxs out.ppm

C.3 Encoding

The encoder is capable of reading various input file formats, such as PPM, PGM, PGX, planar YUV, and
raw RGB, and encodes them with JPEG XS into JXS codestream(s). To run it, use:

jxs _encoder [options] <input> <codestream.jxs>

NOTE

The reference software encoder is provided only as an example implementation. It might not be

capable of delivering optimal quality performance due to limitations of the implementation.

The encoder provides the following options:

© ISO/IEC 2022 - All rights reserved
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—c <XS config> XS encoding parameters configuring the encoder. This option can be used multi-
ple times, combining the provided settings. See also Clause C.4 for the in-depth

definition of the syntax and the parameters.

-D This option will print the actual JPEG XS encoding parameters used in the JXS file
as a string (see also -c option). Applying the option twice (i.e. as -pp or as -p -D)
will also show the gain and priority values. See also Clause C.4 for the in-depth

definition of the syntax and the parameters.

-£ numbher TU

o oo AR AN SISE celoo e
based video sequencing). The number specifies the first frame index b/
To be used in combination with -n.

T <number> Specifies the total number number of frames to process.

T Output verbose. Use multiple times to increase the verbosity:

v <width> Specifies the width of the input file (required for unfranied formats like

T <height> Specifies the height of the input file (required fer unframed formats like

1@ <bit depth> Specifies the bit depth of the input file (required for unframed formats likg

NOTE For unframed input file formats, the number of compénents and often the bit depth are
derived from the file extension.

Hxamples
jxks_encoder -c profile=Main444.12 -c rate=2_ we@man.ppm woman.Jjxs

jlxs _encoder -c "profile=Main444.12;rate=2% woman.ppm woman.JjXs

These two examples are equivalent and encode the woman.ppm image using the Main 444.12 pr
thrget bit rate of 2 bits per pixel.

(.4 XS encoding settings

)

4.1 String syntax

he encoder -c option and the encoder/decoder -p options all use the same syntax to descr

onfiguration options as described in ISO/IEC 21122-1 and ISO/IEC 21122-2 (a few represent
roperties, suchas the target bitrate, target codestream size, or the rate-allocation line buffer

he profiles, levels and sublevels that can be used are all defined in ISO/IEC 21122-2. Settir
ne of thiese will impose specific XS encoding parameters and limitations. For example, selec

o — = o < =

r frame-
process.

yuvle).
yuv1le).
yuv16).

mplicitly

bfile at a

be JPEG

S encoding parameéters. These parameters are mostly one-to-one representations of codestream

implicit
budget).
g either

ting the
ralidates

ain420.12 profile will trigger the encoder to require subsampled 4:2:0 input. The encoder v
theprovided XS encoding parameters under the given restrictions and limitations and will pr

duce an

error in the case of conflicting settings.
The generic syntax and rules of the XS encoding parameters string are as follows:

— Each encoding parameter is specified as a key=value pair. The key is an alpha-numeric stri
all possible keys defined in C.4.2;

ng, with

— Encoding parameters are separated by semi-colons (“;” ASCII 59=0x3b). Multiple -c arguments are
internally concatenated to produce a single XS encoding parameters string comprised of key/value

pairs;

— Values can be either textual or numeric (integral or floating point), but a value is not allowed to be

an empty string;
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— The XS encoding parameters string is case insensitive (everything is converted to lower case);
— White spaces are ignored;

— By not specifying an XS encoding parameter, the encoder will resolve to either a default value (as
defined by the profile) or an automated best-effort guess;

— Not all encoding parameter configurations are valid, and the encoder will produce an error in case
a configuration is invalid.

C.4.2 Keys

The follpwing XS encoding parameter keys are defined (for more information, consult ISO/IEC 211221
and ISOfIEC 21122-2):

p The profile to use (by name). See ISO/IEC 21122-2 or the helploutput of thie

profile encoder if run without options.

1 The level to use (by name). See ISO/IEC 21122-2 ot-the help output of thie
encoder if run without options.

lev

level

s The sublevel to use (by name). See ISQ/IEC 21122-2 or the help output of
the encoder if run without options,

sublev

sublevell

rate Specify a target bit-rate (indbpp). Cannot be combined with size.

bpp

size Specify a target codéestream size (in bytes). Cannot be combined with bpp
Or rate.

budget [lines The size ofthe buffer model (in lines) for the rate allocation of the encoder.

pudget_Feport lines See ISO/IEC21122-2.

cpih Select'the multiple component transform (MCT). Valid options are:

mct
— none or 0 for no transform;

— rctorlfor RCT (RGB to YUV);

— tetrix,<Cf>,<el>,<e2> or 3,<Cf>,<el>, <e2> for Star-Tetrix (not
that additional settings are required, comma separated).

D

=

cfa In case of 1-component input with one of the Bayer profiles, a CFA patter
needs to be specified. Supported patterns are:

— RGGB;
— BGGR;
— GRBG;
— GBGR.
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