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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 partin

the work.
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Introduction

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

In many use cases during production or transmission of a movie, limiting the latency and the
recompression loss is a more important aspect than the compression efficiency. The JPEG XS coding
system offers compression and recompression of image sequences with very moderate computational
resources while remaining robust under multiple compression and decompression cycles and mixing
of content sources, e.g. embedding of subtitles, overlays or logos. Typical target compression ratios
ensuring visually lossless quality are in the range of 2:1 t0 10:1 _depending on the nature of the source
material. The end-to-end latency can be confined to a fraction of a frame, typically bétween a small
number of lines down to below a single line.

This document provides the reference software of the ISO/IEC 21122 series. It f1as been|successfully
compiiled and tested on Linux®%Y and Windows™1) operating systems at the tifrie of writing.

1) Linux® and Windows™ are examples of suitable products available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO or IEC of these products.

© ISO/IEC 2020 - All rights reserved v
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INTERNATIONAL STANDARD ISO/IEC 21122-5:2020(E)

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

Part 5:
Reference software

1 Scope

This Hdocument contains the reference software of the ISO/IEC 21122 series. It acts”as a guideline for
implgmentation and as a reference for conformance testing.

ormative references

llowing documents are referred to in the text in such a way‘that some or all of §heir content
consfitutes requirements of this document. For dated references) 'only the edition cited|applies. For
undafed references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 21122-1, Information technology — JPEG XS low:-latency lightweight image coding system —

ISO/IEC 21122-2, Information technology — JPEGXS low-latency lightweight image coding system —

ISO/IEC 21122-4, Information technology —JPEG XS low-latency lightweight image codifg system —

erms, definitions and abbreviated terms

3.1 |Terms and definitions

For the purposes of thiss<document, the terms and definitions given in ISO/IEC 21122-1, ISO/[EC 21122-2,
ISO/IEC 21122-4 apply:

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

— [P0 Onlinebrowsing platform: available at https://www.iso.org/obp

et

ECElectropedia: available at http://www.electropedia.org/

3.2 Abbreviated terms

MSE mean square error

PSNR peak signal to noise ratio

4 Conventions

4.1 Operators

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

© ISO/IEC 2020 - All rights reserved 1
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addition
subtraction (as a binary operator) or negation (as a unary prefix operator)
multiplication

division without truncation or rounding

4.2 Typesetting

Regular face fonts as this text describe informative text that provides instructions, comments or details

for the readé

Monospaced
run the sof]

5 Reference software

5.1 Purpgse

The purposq of this document is to provide the following.

— Provide| a reference decoder software capable of decoding‘“codestreams that confor
ISO/IEC|21122-1, or to ISO/IEC 21122-1 and ISO/IEC 21122-2.

— Provide| a sample encoder software capable of produeing codestreams that confor
ISO/IEC|21122-1 and ISO/IEC 21122-2.

The use of {
decoder in ¢
ISO/IEC 211

The referen

I.

text as this paragraph indicates program input or output as necessary (toVe]
tware, or as generated by the software on the console.

he reference software is not required forxmaking an implementation of an encod
pnformance to any of the parts of the [SO/IEC 21122 series. Requirements establish
P2-1 and ISO/IEC 21122-2 take precedence over the behaviour of the reference softwa

ce software decoder generates:the output of the decoding process specifie

ISO/IEC 211
candidate i

testing is specified in ISO/IEC 21122:4_The reference software decoder can also be used to va
the syntactif correctness of a codeStream by attempting to decode a candidate codestream wit
reference software.

5.2 Examples of use
Some examplles of use for'the reference decoder software implementations are as follows:

— As anillpstration of how to perform the decoding processes specified in ISO/IEC 21122-1.

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

22-1. It therefore allows confermance testing by means of comparing the outputf

ther

In to

m to

er or
ed in
re.

d by
of a

plementation by that of the reference software specified in this document. Conformance

idate
h the

specified in ISO/IEC 21122-4. Details on reference testing can be found in ISO/IEC 21122-4.

in ISO/IEC 21122-1.

For testing the conformance of a decoder implementation to ISO/IEC 21122-1 with the procedures

For (non-exhaustive) testing of the conformance of a codestream (or file) to the constraints specified

The lack of detection of any conformance violation by any reference software implementation should not
be considered as a definite proof that the codestream under testing conforms to all constraints required
for it be conforming to ISO/IEC 21122-1. In fact, ISO/IEC 21122-4 defines additional testing procedures
that can be used to test a codestream for conformance to ISO/IEC 21122-1 and ISO/IEC 21122-2, such as
for example testing the conformance to the buffer models specified there.

© ISO/IEC 2020 - All rights re

served


https://iecnorm.com/api/?name=b87de8c84d859a4eaa592b1ecb2e91db

ISO/IEC 21122

Some examples of use for a sample encoder software are as follows:

Howsg
to IS
synta3
may
[SO/I1
quali

Simil
execy

as a

exhih

5.3

Ann

-5:2020(E)

As an illustration of how to implement an encoding process that produces codestreams that are

conforming to ISO/IEC 21122-1 and ISO/IEC 21122-2.

As starting point for an implementation of an encoder that conforms to ISO/IEC 21122-1 and

ISO/IEC 21122-2.

As a means of generating codestreams conforming to ISO/IEC 21122-1 and ISO/IEC
testing purposes.

21122-2 for

As a means of demonstrating and evaluating examples of the quality that can be achieved by an

agncoding process that conforms to [SO/IEC 21122-1 and ISO/IEC 21122-2.

ver, no guarantee of the quality that will be achieved by an encoder is providedby)its
/IEC 21122-1 as the conformance is only defined in terms of specific constraints im

suffice to provide some illustrative examples of which quality can' b€ achieved
EC 21122 series, they provide neither an assurance of minimum. guaranteed ima
'y nor maximum achievable image encoding quality.

hrly, the computation resource characteristics in terms of\program or data me

‘epresentative of the typical, minimal or maximal computational resource characte
ited by implementations of ISO/IEC 21122-1.

Layout of this document

ek A describes unpacking, configuration and.eompiling the reference software. Anney

the

recor
refer

6

Thes
the p

IEC
spe
soft

deve

and

there

f{le formats in which the sample encodercaccepts images and into which the refere
structs images. Annex C describes its tise as encoder or decoder. In addition to the nj
bnce software is available at https://standards.iso.org/iso-iec/21122/-5/ed-1/en.

(opyright, licensing and intellectual property

e software modules were priginally developed by the parties indicated in the file LIC
ackage forming a part of this document, in the course of development of ISO/IEC 2
raws the attention.gf the users of these software modules to the licence terms an

d

are products are advised that their use may infringe existing patents. In particular,
pers of these software modules and their respective companies, the editors and thei

cv1£ed in the same(LICENSE file. Those intending to use these software modules in

|
of.

ronformance
bosed on the

x of the generated codestream. In particular, while sample encoder software implementations

within the
ge encoding

nory usage,

tion speed, etc. of sample software encoder or decoder implementations should not lbe construed

ristics to be

t B describes
nce decoder
1ain text, the

ENSE within
1122-5. 1SO/
d conditions
hardware or
the original
r companies,

50/1EC have disclaimed liability for any proposed use of these software modules or nmpodifications
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Annex A
(informative)

Unpacking and compiling the reference software

A.1 Unpacking the software

The referende software is available at https://standards.iso.org/iso-iec/21122/-5/ed-1/en in the folrm of

a ZIP archiv¢ named reference.zip. Unpacking a ZIP file is system specific. Under POSIX®2) comj
tems, open a command line window and enter

unzip regference.zip

This will ugpack all components of the software into the current directory: Under a Windg

bliant

wsIM

operating system, double-clicking on the ZIP archive will open it. The complete contents of thle ZIP

archive shoyld then be copied to a convenient target directory for compilation.

A.2 Prerequisites for building the software

A.2.1 Prerequisites for building the software under a POSIX® compliant system

Under a POS[X® compliant system, the following additional.components need to be installed to b
to compile the reference software:

— The GNU gcc compiler collection, version 4.4.3 ot later;

— The GNU make utility version 4.1 or later.

A.2.2 Prerequisites for building the software under Windows™
Under the Windows™ operating system, the following components are necessary:

— The Visyal Studio™?2) compiler version 15.0 or later.

A.3 Compiling the software

A.3.1 Compilingthe software under a POSIX® compliant operating system

To compile thelreference software under a POSIX® compliant operating system, open a comman

b able

d line

and Change the current r]irnr‘fnry to the Hirnrfnry into which the software was nnpar‘l{nﬂ Then

enter

the following command:

make -C build

This will create the reference software binary in either build/bin/linux64 or build/bin/linux32,
depending on the native bit depth of the processor of the system on which the build command has

been issued.

2) POSIX® and Visual Studio™ are examples of suitable products available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO or IEC of these

products.

4 © ISO/IEC 2020 - All rights re
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A.3.2 Compiling the software under Windows™

Open the Visual Studio™ solution file that is found in the directory build/vs_2015/jxs_reference.sln
relative to the unpacking location of the archive.

© ISO/IEC 2020 - All rights reserved 5
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Annex B
(informative)

File formats read and written by the reference software

B.1 General

This annex

which the rd
pprm for 4:4:4
other conten
of pgx files is

B.2 ppm

B.2.1 ppn

The ppm for
3 componen
the referenc
raw sample

lescribes the file format of the images the reference software is able to encode, 0
ference software will decode images. The reference software supports three file) for
sampled content for bit depths between 8 and 16 bits, yuv for 4:2:2 content,.and pgx f
t. Clause B.2 describes the format of ppm files, Clause B.3 the format of yuvAfiles. The f¢
specified in ISO/IEC 21122-4.

format

| capabilities

mat is capable of carrying images of bit depths betweenl and 16 bits per component
[s per sample. While ppm files are specified to desCribe images in the sRGB colour s
P software is agnostic to any colour space specification and will only encode and d
alues.

A ppm file c

nsists of a header that describes the dimensions and bit depth of the image, concate

" into
mats:
or all
rmat

with
pace,
bcode

nated

with the binpry sample values contained in the image‘in raster scan order, left to right, top to bottom,
with 1 or 2 Hytes per sample.

B.2.2 Des¢ription of the ppm header

The ppm hedder consists of the followingicomponents:

The two] ASCII (see Reference [2})/characters p6 identifying this file as ppm file.
An arbitrary number of white space characters, i.e. blank (ASCII 32 = 0x20), tab (ASCII 9 = 0x09

feed (ASCII 10=0x0a) orcarriage return (ASCII 12=0x0c).

An ima

An ima

width inthe'number of sample positions, formatted as ASCII decimals.

White space.

height in the number of sample positions, formatted as ASCII decimals.

) line

White space.

the form 2P-1 where P is the bit precision of the samples.

A single white space character.

B.2.3 Description of the ppm body

A maximum sample value formatted as ASCII decimals. This maximum sample value is a number of

Following the ppm header, the WxH sample values follow, in raster scan order, left to right, top to
bottom. For a sample precision P<8, each sample value is encoded in binary, in 3 bytes, first the red,
then the green, then the blue colour coordinates relative to colour primaries that are of no relevance for
the reference software. This implies that most significant bits not required to represent sample values

with P bits p

6

recision are zero.

© ISO/IEC 2020 - All rights re
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For sample precisions P>8, also WxH binary encoded sample values follow, though each sample value
is represented in 6 bytes. Most significant bits not required to represent sample values with P bits
precision are zero. First the 8 most significant bits of the red colour coordinate, followed by the least 8
significant bits of the red colour coordinate, followed by the 8 most significant bits of the green colour
coordinate, followed by the 8 least significant bits of the green colour coordinate, followed by the 8
most significant bits of the blue colour coordinate, then the 8 least significant bits of the blue colour
coordinate. This format is also denoted as big endian.

Sample precisions P>16 cannot be represented by ISO/IEC 21122-1 and are thus irrelevant for the

purposes of this document.

B.3

The
and
line

such

Ayuy

Ayuy

Samplenprecisions P>16 cannot he represented hy ISQ/IEC 21122-1 and are thus irreld

yuv format description

uv format is an unframed format, i.e. the data does not include any indication|of thg
it depths of the image. Such side information needs to be given to the sample‘ericoder
arameters and needs to be available for converting yuv into other formats for visual
mages. yuv files consist of an even width of (luminance) samples.

N
o

¢

file of an image of width W and height H of a sample precision P<8 consists of the fol

V
t

VxH bytes, encoding the sample values of the luminance channelY, in raster scan ordet
bp to bottom, one byte per sample value.

V/2xH bytes, encoding the sample values of the U chrominance channel, in raster scan
ight, top to bottom, one byte per sample value.

=<

V/2xH bytes, encoding the sample values of the Vichrominance channel, in raster scan
ight, top to bottom, one byte per sample value.

=<

Nlost significant bits not required to represent sample values with P bits precision are
file of an image of width W and height H of a sample precision P>8 consists of the fol

WxHx2 bytes of luminance dataswhere each luminance sample is encoded in two byte
1
VxH bytes of chrominance data for the U channel, where each chrominance sample i

wo bytes, with the 8 least significant bits first, followed by the 8 most significant bit
er sample.

V
t
s
WxH bytes of chréminance data for the U channel, where each chrominance sample i
two bytes, with'the 8 least significant bits first, followed by the 8 most significant bit
fder sample;

Mostsignificant bits not required to represent sample values with P bits precision are

bast significant bits first, followed by the 8 most significant bits, i.e. 2 bytes per sample.

dimensions
as command
nspection of

owing:

left to right,

order, left to

order, left to

Zero.
owing:

s, with the 8

s encoded in
5, .e. 2 bytes

s encoded in
5, i.e. 2 bytes

ZEro.

vant for the

purpose of this document.

NOTE

The difftest_ng tool that is supplied as an electronic attachment to ISO/IEC 21122-4 c

an be used to

convert such images to other formats. To this end, difftest_ng uses a format indicator. The format indicator for
yuv encoded files of precision P=8 of an image of dimension WxH reads

WxHx3:[8=0]:[8=1]/2x1:[8=2]/2x1

where the parameters W and H are substituted by the image width and height. The format indicator of
an image of dimensions WxH of a bit precision P28, with Q=16-P reads as follows:

WxHx3:[Q-1, [P-=0]:[0Q0-1/2x1, [P-=1]/2x1:[0Q-], [P-=2]/2x1

where the parameters W, H, P and Q are substituted accordingly by the width, height, precision and
16-P. Images can be converted from pgx to yuv with the following command line:

© ISO/IEC 2020 - All rights reserved
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difftest ng --convert out.yuv@<spec> out.pgx -

where <spec> is one of the format indicators above. Conversion from yuv into pgx is accomplished by

difftest ng --convert out.pgx out.yuv@<spec> -

8 © ISO/IEC 2020 - All rights reserved
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Annex C
(informative)

Using the reference software

C.1 General

This knnex provides guidelines how to use the sample software encoder and the refererllce software
decodler. The sample software encoder can compress ppm, pgx or yuv files into a JPEGXS dodestreams,
and the reference decoder can reconstruct JPEG XS codestreams into ppm, pgx or yut files, depending on
the saqmpling format encoded in the codestream.

C.2 |Running the sample software encoder

The gample software encoder is run on the command line as follows:

j4s_encoder <command line options> <inputfile> <outpgtfile>

wherp <inputfile> is a file name either ending on .ppm,.pgx ayyuv. If the file name ending i§.ppm, a ppm
encodled source image is assumed, if the file name ends‘en .yuv, a yuv encoded source fild is assumed.
If thq file name ends on .pgx, a pgx encoded source file.s assumed. The ppm, pgx and yuv|formats are
specified in Annex B.

The gvailable command line options are as follows (parameter values are indicated in angle brackets):

~p <grofile> Specifies the profiletin which the source image will be encoded. The following
profile indicatorsare available:

3 main profile;
4 high-profile;
5 light-subline profile;
6.5:light profile.

~b <pitrate> Specifies the target bitrate in bits per pixel. Fractional numbers are possible.

-s <Qytesizex Specifies the target file size in bytes. This command line option is mytually exclu-
sive to the -b command line option. The encoder requires either theg -b or the -s
command line option, but not both.

-0 < a fal L 4+l . 1l P | Tl £.11 - A | 111,
OPCULILICS UIT I'dlT dIIOLALIUIT TIIOUC. T1IT IUITUWIIG HITOUCS dI'C dvdIldDIC.
psnr  PNSR optimal encoding, i.e. minimize the mean square error;
visual optimize for best visual performance.
—w <width> Specifies the width of the source image in luminance samples. This argument is
only required for yuv input files.
~h <height> Specifies the height of the image in luminance samples. This argument is only

required for yuv input files.

-d <bitprecision> gpecifies the sample precision in bits for yuv input files. Not required for pgx or
ppm input.

© ISO/IEC 2020 - All rights reserved 9
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-f <frst idx>

-n <seq cnt>

-C <config>

With this option, the encoder is instructed to compress image sequences rather
than a single image. The image source file names are generated by concatenating
the sequence index to the input file name. This option specifies the index of the
first image in the image sequence. The output file names are generated similarly
by concatenating the sequence number to the output file name.

For image sequence compression (see the - £ option above), this parameter specifies
the number of images in the image sequence.

Specifies the name of a configuration file to be used. The following config files are

shipped with the reference software:

jpeg xs high.ini

jpeg xs main.ini

jpeg xs light.ini

jpeg xs light subline.ini

Enables additional output for debugging.

C.3 Running the reference software decoder

The referende software encoder is run on the command line as follows:

jxs decdder <command J<'ne options> <inputfile> <outputfile>

Configures the encoder in the high\p
with 5 horizontal and 2 verti€ad w3
decomposition levels, 1 colummn and un
quantization.

rofile
velet
iform

Configures the encoder in the main pfrofile

with 5 horizontal. and 1 vertical w3
decomposition leyel, 1 column and un
quantization.

Configuresthe encoder in the light p
with 5 orizontal and 1 vertical w3

velet
form

rofile
velet

decomposition level, 1 column and deagizone

gdantization.

Configures the encoder in the light su
profile with 5 horizontal and 0 vertical wi

b-line
hvelet

decomposition levels, 2 columns and unjfiform

quantization.

where <inp{tfile> is aJRPEG XS encoded input file whose sample values are decoded into the oytput.

The output fjle formatisinferred from the appendix of the output file name. If the output file name
encoded output image (see Annex B) is generated. If the output file name ends on .
yuv encoded| output image is created. If the output file name ends on .pgx, a pgx encoded output

on .ppm, ad pp

generated.

ends
yuv, d
file is

The following command line options are supported by the decoder:
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