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Foreword

021(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies

that are

members of ISO or IEC participate in the development of International Standards through technical

committees established by the respective organization to deal with particular fields of technical

activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The procedures used to develop this document and those intended for its further mainten
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neede
ifferent types of document should be noted.

Q. QO

ttention is drawn to the possibility that some of the elements of this document may be the s
atent rights. SO and IEC shall not be held responsible for identifying any or(all such patent right
f any patent rights identified during the development of the document will be in the Introductio
n the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list g
eclarations received (see https://patents.iec.ch).

Q.0 O T o

o>y

ny trade name used in this document is information given for the convenience of users and
onstitute an endorsement.

Q

or an explanation of the voluntary nature of standards, the meaning of ISO specific te
xpressions related to conformity assessment, as wellas information about ISO's adherence to th
rade Organization (WTO) principles ih> the Technical Barriers to Trade

ce www.iso.org/iso/foreword.html. In the IEE; see www.iec.ch/understanding-standards.

v ] @®

—

his document was prepared by ITU-T (@sITU-T REC. T.803) and drafted in accordance with its
ules, in collaboration with Joint “\Fechnical Committee ISO/IEC JTC1, Information teg
ubcommittee SC 29, Coding of audio; picture, multimedia and hypermedia information.

L=

=

his third edition cancels and-replaces the second edition (ISO/IEC 15444-4:2004), which }
bchnically revised.

[l

The main changes are'as follows:

— addition ofthecriteria to be achieved to claim compliance with Rec. ITU-T 814 | ISO/IEC 15

=

list of allparts in the ISO/IEC 15444 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards

hnce are
1 for the

ibject of
. Details
hand/or
f patent

does not

'ms and
e World
(TBT)

editorial
hnology,

1as been

144-15.

body. A
hational-

complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch /1

committees.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology —
JPEG 2000 image coding system: Conformance testing

1 Scope

This Recommendation | International Standard specifies the framework, concepts, methodology for testing, and criteria
to be achieved to claim compliance to Rec. ITU-T T.800 | ISO/IEC 15444-1 or Rec. ITU-T T.814 | ISO/IEC 15444-15.
It provides a framework for specifying abstract test suites (ATSs) and for defining the procedures to be followed during
compliance testing.

This|Recommendation | International Standard:

—  specifies compliance testing procedures for encoding and decoding using Rec. §TU-T T.800 |
ISO/IEC 15444-1 and Rec. ITU-T T.814 | ISO/IEC 15444-15;

—  specifies codestreams, decoded images, and error metrics to be used with the testing\procedures;
—  specifies ATSs;

—  provides guidance for creating an encoder compliance test

This|[Recommendation | International Standard does not include the following tests:

Accqptance testing: the process of determining whether an implementation satisfies“acceptance criteria and enables the
user [to determine whether or not to accept the implementation. This includesythe planning and execution of seeral
kind$ of tests (e.g., functionality, quality, and speed performance testing)/that demonstrate that the implementgtion
satisfies the user requirements.

Performance testing: measures the performance characteristics of:an implementation under test (IUT) such 4ds its
throyghput and responsiveness, under various conditions.

Robdstness testing: the process of determining how well an implementation processes data which contains errors.

2 References

The following Recommendations and International Standards contain provisions which, through reference in this|text,
constitute provisions of this Recommendation.| International Standard. At the time of publication, the editions indi¢ated
werg valid. All Recommendations and.Standards are subject to revision, and parties to agreements based on this
Recgmmendation | International Standard are encouraged to investigate the possibility of applying the most r¢cent
editipn of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currgntly
valid International Standards. The jTelecommunication Standardization Bureau of the ITU maintains a list of currgntly
valid ITU-T Recommendations)

— Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG R000
image coding system: Core coding system.

— Recommendation ITU-T T.814 (2019) | ISO/IEC 15444-15:2019, Information technology — JPEG R000
image coding system: High-throughput JPEG 2000.

3 Definitions

For the purposes of this Recommendation | International Standard, the terms and definitions given in
Rec. ITU-T T.800 | ISO/IEC 15444-1, Rec. ITU-T T.814 | ISO/IEC 15444-15 and the following apply.

3.1 abstract test suite (ATS): Generic compliance testing concepts and procedures for a given requirement.

3.2 arithmetic coder: An entropy coder that converts variable length strings to variable length codes (encoding)
and vice versa (decoding).

3.3 big endian: An order of bytes with the most significant byte first.

34 bit: A contraction of the term "binary digit"; a unit of information represented by a 0 or a 1.

35 bit-depth: The number of bits required to represent an original component of an image.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.803 (06/2021) 1
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3.6 bit-plane: A two-dimensional array of bits. In this Recommendation | International Standard, a bit-plane
refers to all the bits of the same magnitude in all coefficients or samples. This could refer to a bit-plane in a component,
tile- component, code-block, region of interest, or other.

3.7 bitstream: The actual sequence of bits resulting from the coding of a sequence of symbols. It does not include
the markers or marker segments in the main and tile-part headers or the end of codestream marker. It does include any
packet headers and in stream markers and marker segments not found within the main or tile-part headers.

3.8 box: A portion of the file format defined by a length and unique box type. Boxes of some types may contain
other boxes.

3.9 byte: Eight bits.

3.10 Cclass: Defines a level of performance for a decoder. Also provides guidance for encoders to produce
codeptreams that are easily decodable by compliant decoders.

311 code-block: A rectangular grouping of coefficients from the same sub-band of a tile-component.
3.12 coder: An embodiment of either an encoding or decoding process.

3.13 codestream: A collection of one or more bitstreams and the main header, tile-part headers, and the efd of
codeptream required for their decoding and expansion into image data. This is the image data in @-compressed form|with
all of the signalling needed to decode. This does not include the file format.

3.14 coding pass: A procedure accessing coefficients in a code-block where the context and bit are determjined.
Typirally, there are three different coding passes for each bit-plane, each coefficient-will be represented in exactly one
of the three passes. For an encoder a coding pass examines coefficients and augments a bitstream. For a decogler a
coding pass reads a bitstream and updates coefficients.

3.15 coefficient: The values that are the result of a transformation.

3.16 component: A two-dimensional array of samples. An imagé typically consists of several components [e.g.,
red, green, and blue).

3.17 compressed image data: Part or all of a codestream. €an also refer to a collection of bitstreams in part ¢r all
of a godestream.

3.18 compliance: Fulfilment of the specified requirements, as defined in this Recommendation | Internatjonal
Stanglard, for a given Profile and Cclass.

3.19 compliance test procedure: The process.of assessing compliance.

3.20 context: Function of coefficients préviously decoded and used to condition the decoding of the prgsent
coefficient.

3.21 decoder: An embodiment ef:a-decoding process, and optionally a colour transformation process.

3.22 decoding process: A (process that takes as its input all or part of a codestream and outputs all or part|of a
recomstructed image.

3.23 decomposition level: A collection of wavelet sub-bands where each coefficient has the same spatial impgct or
span|with respect to the\seurce component samples. These include all sub-bands of the same two-dimensional sub-band
decomposition. Forthe“last decomposition level, the LL sub-band is also included.

3.24 discrete'wavelet transformation (DWT): A transformation that iteratively transforms one signal into two or
morg filtered:-and decimated signals corresponding to different frequency bands. This transformation operatds on
spatiplly-discrete samples.

3.25 encoder: An embodiment of an encodingprocess.-and optionally a colour transformation process
. g T g P4 g

3.26 encoding process: A process that takes as its input all or part of a source image data and outputs a
codestream.

3.27 executable test suite (ETS): Set of executable test cases that support the abstract test cases.

3.28 file format: A codestream and additional support data and information not explicitly required for the
decoding of the codestream. Examples of such support data include text fields providing titling, security and historical
information, data to support placement of multiple codestreams within a given data file, and data to support exchange
between platforms or conversion to other file formats.

3.29 fully decode: Applying Rec. ITU-T T.800 | ISO/IEC 15444-1 to produce an image from a codestream where
all coded data in the codestream has been used to produce the image.

2 Rec. ITU-T T.803 (06/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=f5feb6fc3fa94aa4d111624c27f3c580

ISO/IEC 15444-4:2021 (E)

3.30 guard bits: Additional most significant bits that have been added to sample data.

3.31 header: Either a part of the codestream that contains only markers and marker segments (main header and tile
part header) or the signalling part of a packet (packet header).

3.32 image: The set of all components.

3.33 image data: The component samples making up an image. Image data can refer to either the source image
data or the reconstructed image data.

3.34 implementation: A realization of a specification.

3.35 implementation compliance statement (ICS): Statement of specification options and the extent to which
they have been implemented by an implementation under test.

3.36 implementation under test (IUT): An implementation that is being evaluated for compliance.

3.37 irreversible: A transformation, progression, system, quantization, or other process that, due to-Systemiic or

quantization error, prevents lossless recovery.

3.38 JP2 file: The name of a file in the file format described in this Recommendation | International Stanfard.
Strugturally, a JP2 file is a contiguous sequence of boxes.

3.39 JPEG: Joint Photographic Experts Group — The joint ISO/ITU committee responsible for develgping
standards for continuous-tone still picture coding. It also refers to the standards preduced by this commjttee:
Rec.[ITU-T T.81 | ISO/IEC 10918-1, Rec. ITU-T T.83 | ISO/IEC 10918-2, Rec. ITU:T"T.84 | ISO/IEC 10918-3 and
Rec.[ITU-T T.87 | ISO/IEC 14495-1.

3.40 LL sub-band: The sub-band obtained by forward horizontal low-passfiltering and vertical low-pass filtgring.
This|sub-band contributes to reconstruction with inverse vertical low-pass filtefing and horizontal low-pass filtering.

341 layer: A collection of compressed image data from coding-passes of one, or more, code-blocks of g tile-
component. Layers have an order for encoding and decoding that has-to'be preserved.

3.42 lossless: A descriptive term for the effect of the overall €ncoding and decoding processes in which the optput
of the decoding process is identical to the input to the encoding4process. Distortion-free restoration can be assured. All
of the coding processes or steps used for encoding and decoding are reversible.

3.43 lossy: A descriptive term for the effect of the.@verall encoding and decoding processes in which the output of
the pecoding process is not identical to the input to the encoding process. There is distortion (meagured
mathematically). At least one of the coding processes or steps used for encoding and decoding is irreversible.

3.44 main header: A group of markers.and marker segments at the beginning of the codestream that describg the
image parameters and coding parameters that can apply to every tile and tile-component.

3.45 marker: A two-byte codes«in 'which the first byte is hexadecimal FF (OxFF) and the second byte is a yalue
between 1 (0x01) and hexadecimalFE (OXFE).

3.46 marker segment: A'marker and associated (not empty) set of parameters.

3.47 packet: A part-of-the codestream comprising a packet header and the compressed image data from one Jayer
of onje precinct of onereselution level of one tile-component.

3.48 packetheader: Portion of the packet that contains signalling necessary for decoding that packet.
3.49 parser: Reads and identifies components of the codestream down to the code-block level.

3.50 partial decoding: Producing an image from a subset of an entire codestream.

3 51 + e A % 1 + £ + £ atil + o ™% Lts 1 l of L 't'
. PIC\JIII\IL- —\ ICULGIIHUIGI ICyIUII Ul A uaariorurimticu ouic \JUIIIPUIICIIL, Wit TavliT TCoOUTULIVIT TCVET, USTU TUT T1T1 I Ing

the size of packets.

3.52 precision: Number of bits allocated to a particular sample, coefficient, or other binary numerical
representation.

3.53 progression: The order of a codestream where the decoding of each successive bit contributes to a "better"
reconstruction of the image. What metrics make the reconstruction "better" is a function of the application. Some
examples of progression are increasing resolution or improved sample fidelity.

3.54 profile: A subset of technology, from Rec. ITU-T T.800 | ISO/IEC 15444-1, that meets the needs of a given
application with limits on parameters within a selected technology. This is a codestream limitation.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.803 (06/2021) 3
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3.55 quantization: A method of reducing the precision of the individual coefficients to reduce the number of bits
used to represent them. This is equivalent to division while compressing and multiplying while decompressing.
Quantization can be achieved by an explicit operation with a given quantization value (scalar quantization) or by
dropping (truncating) coding passes from the codestream.

3.56 reconstructed image: An image that is the output of a decoder.

3.57 reference grid: A regular rectangular array of points used to define other rectangular arrays of data. The
reference grid is used to determine the number of samples in tile-components for example.

3.58 region of interest (ROI): A collection of coefficients that are considered of particular relevance by some
user-defined measure.

3.59 reversible: A transformation, progression, system, or other process that does not suffer systemic or
quantization error and therefore allows for lossless signal recovery.

3.60 reversible filter: A particular filter pair used in the wavelet transformation which allows,“logsless
compression.

3.61 sample: One element in the two-dimensional array that comprises a component.

3.62 selective arithmetic coding bypass: A coding style where some of the code-block passes are not codqd by
the arithmetic coder. Instead, the bits to be coded are appended directly to the bitstream without'coding.

3.63 shift: Multiplication or division of a number by powers of two. Division @f an integer via shift implies
trungation toward minus infinity of the non-integer portion.

3.64 sign bit: A bit that indicates whether a number is positive (value 0) or negative (value 1).

3.65 sign-magnitude notation: A binary representation of an integer‘where the distance from the origin is
expressed with a positive number and the direction from the origin (positie or negative) is expressed with a sepgrate
single sign bit.

3.66 source image: An image used as input to an encoder.

3.67 sub-band: A group of transform coefficients resulting from the same sequence of low-pass and highfpass
filtening operations, both vertically and horizontally.

3.68 testing: The process of evaluating compliance!

3.69 tile: A rectangular array of points on the)reference grid, registered with an offset from the reference| grid
origih and defined by a width and height.

3.70 tile-component: All the samples/ofa given component in a tile.

3.71 tile-part: A portion of the codestream with compressed image data for some, or all, of a tile. The tile-parti may
inclyde one or more packets that make-up the coded tile.

3.72 tile-part header: A_group of markers and marker segments at the beginning of each tile-part i the
codeptream that describe the tile-part coding parameters.

3.73 transformatiom A mathematical mapping from one signal space to another.

3.74 transform coefficient: A value that is the result of a transformation.

4 Abbreviations and symbols

41 Abbreviations

For the purposes of this Recommendation | International Standard, the abbreviations given in Rec. ITU-T T.800 |
ISO/IEC 15444-1 and the following apply.

ATS Abstract Test Suite

BSET subset of the ETS consisting of HTJ2K test codestreams that differ only by Buacs value
ETS Executable Test Suite

HT High Throughput

HTJ2K High Throughput JPEG 2000

ICC International Colour Consortium

4 Rec. ITU-T T.803 (06/2021) © ISO/IEC 2021 - All rights reserved
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ICS Implementation Compliance Statement
ICT Irreversible Component Transform
IDWT Inverse Discrete Wavelet Transformation
IEC International Electrotechnical Commission
I1SO International Organization for Standardization
ITU International Telecommunication Union
ITU-T International Telecommunication Union — Telecommunication Standardization Sector
uT Implementation Under Test
J2K JPEG 20001
JPEG Joint Photographic Experts Group
MAGB Magnitude Bound
MSE Mean Squared Error
RCT Reversible Component Transform
ROI Region Of Interest
SRGB standard Red-Green—-Blue
TCS Test Codestream
4.2 Symbols
For the purposes of this Recommendation | International Standard, the following)symbols apply.
0x---- Denotes a hexadecimal number
B Bit-depth precision for reversible 5-3
Bmacs Magnitude bound parameter for an HTJ2K codestream
C Component guaranteed to be decoded
CAP Capabilities
cocC Coding style Component
COoD Coding style Default
COM Comment
CPF Corresponding Profile
CRG Component Registration
EPH End of Packet Header
EOC End ef Codestream
H image Height guarantee
L layer guarantee
Liody code data buffering guarantee
M decoded bit-plane guarantee
Niwacs Magnitude bound decoding guarantee
Neo code-block parsing guarantee
Ncomp component parsing guarantee
P irreversible 9-7 Precision guarantee
PLM Packet Length, Main header marker
PLT Packet Length, Tile-part header marker
POC Progression Order Change marker
PPM Packed Packet headers, Main header marker

1 As defined in Rec. ITU-T T.800 | ISO/IEC 15444-1.
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PPT Packed Packet headers, Tile-part header marker
PRF Profile marker

QcCcC Quantization Component marker
QCD Quantization Default marker
RGN Region of interest marker

SIZz image and tile Size marker

SOC Start Of Codestream marker
SOP Start Of Packet marker

SOD Start Of Data marker

SOT Start Of Tile-part marker

T Transform level guarantee

TLM Tile-part Lengths marker

W image Width guarantee

Conventions

compliance files including test codestreams, JP2 files, JPH files, reference decodedvimages, and descriptive

bssed relative to the top level of the directory tree. A Unix style file structure and’delimiters are assumed.

ded by ISO | ITU-T beyond that offered in this Recommendation | Interhational Standard.

General description

be accessed at a reduced resolution, at a reduced quality (higher compression), at a reduced number of compor
ven over a reduced spatial region. Moreover, this;Recommendation | International Standard supports a rich f3

rtion. This enables a single compressed codestream to serve the needs of a diverse range of applications.

EC 15444-15. To avoid confusion, the-terms JPEG 2000 (J2K) and high throughput JPEG 2000 (HTJ2K) are
s Recommendation | InternationahStandard, where necessary, to differentiate between JPEG 2000 codestream

ctively. J2K codestreams can,be reversibly transcoded to HTJ2K and vice-versa, without any loss in informa
property allows compliance-for HTJ2K and J2K implementations to be treated in a very similar manner. In fag

files

Lpplied in the form of a compressed file. File locations given in this Recommendation | International Standarpl are

Recommendation | International Standard contains instructions for the-use of these files. No support cgn be

hps the most distinctive feature of JPEG 2000 is its emphasis on and support for scalability. An existing codestfeam

ents,
mily
onal

Recommendation | International Standard also covers compliance for implementations of Rec. ITU-T T.814 |

used
that

brm to Rec. ITU-T T.800 | ISO/IEC 15444-1 and those that conform to Rec. ITU-T T.814 | ISO/IEC 15444-15,

tion.
t, all

e HTJ2K test codestréams and JPH files are provided zipped with this Specification at https://www.itu.int/neft/itu-

t/siggib/speimage/ImageEerm-s.aspx?val=10100803 or at https://standards.iso.org/iso-iec/15444/-4/ed-3/en have

obta
deco|
J2K

ned by reversibly. transcoding corresponding J2K test codestreams and JP2 files available at the same location

been
The

ed output from an HTJ2K decoder is expected to conform to the same guidelines as the decoded output frpm a
ecoder, processing the corresponding J2K codestream or JP2 file.

does
oder
e-off

between implementation complexity and reconstructed image quality. Considering this difference between HTJ2K and
J2K, this Recommendation | International Standard provides multiple transcodings of J2K test codestreams, allowing
implementations to be tested at multiple quality operating points.

JPEG 2000 encoders may employ only a fraction of the features supported by Rec. ITU-T T.800 | ISO/IEC 15444-1.
Likewise, some decoders will not support all the features supported by this Recommendation | International Standard. It
is impossible to provide test cases for all possible combinations of tools that an encoder or decoder may choose to
implement. This Recommendation | International Standard provides abstract test procedures for J’PEG 2000 encoders
and decoders. A developer may designate the features that have been implemented and determine a set of test cases that
applies to those features. For the greatest level of interoperability, there are explicit decoder test procedures. These tests
are run for a particular Profile (defined in Rec. ITU-T T.800 | ISO/IEC 15444-1) and a particular compliance class
defined herein. Passing the explicit tests allows a decoder to be labelled "Profile-x Cclass-y Compliant”.
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Even with the explicit decoder tests, it is expected that some decoders may not decode all of the information that was
originally incorporated into the codestream by an encoder. This is the only way to truly exploit the scalability of
Rec ITU-T T.800 | ISO/IEC 15444-1. It is desirable to allow decoders to ignore information that is not of interest to
their target application. While this flexibility is one of the strengths of JPEG 2000, it also renders inappropriate some of
the conventional compliance testing methodologies that have been applied to non-scalable or less scalable compression
standards.

Many approaches to compliance could be taken. At one extreme, decoder implementations might be allowed to decode
any portion of the codestream that is of interest to them. At the other extreme, they might be required to correctly
decode the entire codestream. The first approach offers content providers and consumers no guarantee concerning the
quality of the resulting imagery. The other approach is also inappropriate because it offers the implementer no
guarantee concerning the resources that may be required for decoding, and in many cases the codestream may contain
information that is of no interest to the application

This|Recommendation | International Standard describes compliance for JPEG 2000 decoders in terms of a systegm of
guargantees. These guarantees serve to discourage encoders from producing codestreams that will be~exceed|ngly
diffi¢ult or impossible for a decoder to process, to encourage decoders to provide quality images fromany‘reasomable
codeptream, and to encourage use of the flexibility and scalability of JPEG 2000 codestreams.

Prof{les define a subset of technology, from Rec. ITU-T T.800 | ISO/IEC 15444-1, that meets \the needs of a given
application with limits on parameters within a selected technology. Profiles limit bitstreams. Decoders dgfine
capabilities for all bitstreams within a profile. Encoders achieve quality guarantees for particular decoders by encqding
bitstreams which meet a particular profile definition. Compliance classes (Cclass) defing.guarantees of a given leyel of
image quality for a decoder and guidance for encoders to produce codestreams thatare, easily decodable by compliant
decoplers.

Esseptially, if a JPEG 2000 encoder produces a codestream with certain propetties, then a decoder of a certain Cclass
will pe capable of producing an image with some defined level of quality.<Fhe compliance class of a decoder is ased
solely on passing certain tests. The tests in this Recommendation | International Standard are designed to require a
compliant decoder to be capable of decoding all codestreams with a set'ef defined properties.

6.1 Profiles, derived sets and compliance classes

Twolprofiles are defined in Rec. ITU-T T.800 | ISO/IEC.15444-1, labelled Profile-0 and Profile-1. The two profiles
descfibe bitstream constraints for a Rec. ITU-T T.800_{ZISO/IEC 15444-1 encoder. Profile-0 is a subset of Profile-1.
Henge, any implementation capable of decoding Profile-1 test streams shall be capable of passing the compliance|tests
for Frofile-0 of the same Cclass.

For HTJ2K codestreams, no profiles are defined in Rec. ITU-T T.814 | ISO/IEC 15444-15. All of the HTJ2K test
codeptreams and JPH files are provided zipped with this specification at https://www.itu.int/nejt/itu-
t/sigdlb/speimage/ImageForm-s.aspx?val=10100803 or at https://standards.iso.org/iso-iec/15444/-4/ed-3/en include a
CPF|[marker segment, that indicates the\profile of the J2K codestream from which they were transcoded.

Rec.| ITU-T T.814 | ISO/IEC 15444-15 defines constrained codestream sets that partition the space of all HTJ2K
codeptreams as a function of the capabilities, complexity or throughput of an HTJ2K decoder. One important example is
the HTONLY set, which consists of HTJ2K codestreams that use only HT code-blocks. Codestreams that do not bglong
to the HTONLY set may)yuse the J2K block coding algorithm for some or all of their code-blocks. In particulaf, the
D set of HTJ2K\codestreams involve tile-components that use a mixture of HT and J2K code-blocks.

This|International\Recommendation | Standard provides test procedures and codestreams for HTJ2K decoders thgt are
derijed from_the same compliance points as those for J2K decoders, by means of a transcoding step. The defived
HTJ2K testeodestreams are classified into the four derived sets defined in Table-1. Each of the two DSO0 sets is a spibset

of the eorresponding DS1 set, being derived from J2K profiles 0 and 1, respectively. Also, the HT derived sets are[each
subsets-af the rnrrp:lnnnding HM set

NOTE — There are many other ways to construct and classify test codestreams for HTJ2K decoders that can be useful for specific
applications. The principles embodied by this Recommendation | International Standard can be readily extended to the testing of
HTJ2K decoders whose capabilities are classified in a different manner to that set out in Table 1.

Annex A defines three compliance classes (Cclass) for J2K codestreams, and three derived compliance classes for
HTJ2K codestreams. These Cclasses define levels of image quality guarantees for decoders and guidance for encoders
to produce codestreams that are easily decodable by compliant decoders. Cclass guarantees increase with the increasing
Cclass numbers.
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Table 1 — HTJ2K derived sets employed in this Recommendation | International Standard

Derived set Definition

DSO_HT HTJ2K codestreams with a CPF marker segment that identifies Profile-0 as the compatible profile, that
belong to the HTONLY set of HTJ2K codestreams

DS1 HT HTJ2K codestreams with a CPF marker segment that identifies Profile-1 as the compatible profile, that
belong to the HTONLY set of HTJ2K codestreams

DS0_HM HTJ2K codestreams with a CPF marker segment that identifies Profile-0 as the compatible profile, that are
not HTONLY

DS1 HM HTJ2K codestreams with a CPF marker segment that identifies Profile-1 as the compatible profile, that are
not HTONLY

liant implementations of the decoder are not required to decode each codestream in its entirety, but are requirpd to
guargntee performance up to one Cclass for some profile. These guarantees are directly connected with,.the resoyirces
requ(red by a decoder. They may be interpreted as a contract by the implementation to recover, decode and transfdrm a
well{defined minimal subset of the information contained in any codestream. This contract is describéd in a mannef that
s with the Cclass. The contract may be exploited by content providers to optimize recovered image quality oper a

dimgnsions, H (height) and W (width), and a number of components, C, for the "Cclass. The parameters ar¢ not
depenhdent on the codestream that is actually being decoded. Annex A defines the (parameters and the classes for which
compliance claims may be made and tested. Annex E allows a decoder to definé guarantees that are greater than that of

A sipgnificant characteristic of an HTJ2K decoder is the largest valde,Mmacs Of the magnitude bound (MAGB)
eter Bumacs that it supports, as defined in Rec. ITU-T T.814.| 1SO/IEC 15444-15. Every HTJ2K codestfeam
adveftises a value for this parameter that lies in the range 8 to.\74, encoded within its capabilities (CAP) mparker
segment. For HTJ2K decoders, the Muace value is one of the guarantees that forms part of the implementation's
contfact. The decoder is not required to exhibit any particular‘defined behaviour when presented with a codestrearn for
whidh Bumage exceeds the decoder's Mmace value. Howevery, for HTJ2K codestreams whose Buags value is less than or
equal to Mmace, the decoder is expected to exhibit de¢oded image quality that conforms to the other aspects of the
Cclaps to which conformance is advertised.

6.3 Encoders and codestreams

Rec.|ITU-T T.800 | ISO/IEC 15444-1 describes two restricted profiles (Profile-0 and Profile-1) that provide guaraptees
concprning the parameter ranges and_ information placement in a codestream. Since codestream limitations may| also
adversely affect scalability and intéroperability, the smallest possible number of limitations are imposed by these
profiles. Annex F allows an encader to define guarantees of codestreams produced by the encoder.

Encqders may also be required to conform to certain guarantees in particular application areas of interest that are
outside the scope of this.Récommendation | International Standard. As an example, a medical image application|may
require the encoder tolguarantee lossless performance up to a given image size.

6.4 Implementation compliance statement

Evalpation\of compliance for a particular implementation may require a statement of the options that have [been
implemented. This will allow the implementation to be tested for compliance against only the relevant requirements.

Such a statement is called an implementation compliance statement (ICS). For J2K implementations, this statement
shall contain only options within the framework of requirements specified in Rec. ITU-T T.800 | ISO/IEC 15444-1. For
HTJ2K implementations, the ICS for decoders shall also include the Mmags limit on supported Buace values. An
HTJ2K decoder may provide separate Muace guarantees for codestreams that use irreversible spatial transformations
and those that use only reversible spatial transformations, as identified by the HTIRV flag (bit-5) of Ccap®® in the CAP
marker segment, as specified in Rec. ITU-T T.814 | ISO/IEC 15444-15.

Examples of ICSs can be found in Annex E for decoders and Annex F for encoders.
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Abstract test suites

The ATSs define general tests for sub-systems of Rec. ITU-T T.800 | ISO/IEC 15444-1. Each ATS includes the
following parts and are defined in Annex C.

6.6

a) Test purpose: What the test requirement is.
b) Test Method: The procedures to be followed for the given ATS.
¢) Reference: The portion of the ISO document that is being tested by the given ATS.

Encoder compliance testing procedure

The informative procedures for testing encoders are defined in Annex D and are complemented by the information that
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EC 15444-1 and Rec. ITU-T T.814 | ISO/IEC 15444-15 are both codestream and decoder compliance standarg

Decoder compliance testing procedure

brocedures for testing decoders are defined in Annex B and use the executable test suites (ETSs), that are defin
X C. These procedures and ETSs will allow an IUT to evaluate compliance to each profile and*Cclass.

Copyright

e compliance files were originally developed by the parties indicated in the file’COPYRIGHT. In particula
hal developers of these files and their respective companies, the editors @nd their companies, and Internat
nization for Standardization/International Electrotechnical Commission ‘(\SO/IEC) have disclaimed liabilit

any proposed use of these files or modifications thereof.
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Annex A

Decoder compliance classes

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex describes the compliance classes for J2K and HTJ2K codestreams. The classes and parameters are described
to provide assistance in designing a compliant decoder. Actual compliance is determined by the testing procedures in
Annex B and the codestreams, reference images, and tolerances in Annex C. The definitions of compliance classes in
this annex are useful for the design of an encoder. The parameters may correspond to particular parts of an
implementation.

Al Compliance class parameter definitions

Becduse of resource limitations, implementations of JPEG 2000 sometimes will not be able to decode a.codestregm in
its emtirety. This subclause defines various parameters for which a specific implementation might be.limited. A set of
valu}s for every parameter defines a compliance class. Thus an implementation of a particular Cclass shall guarantee
resoyrces as defined in all the parameters.

All Profile: codestream guarantees

Proffles provide limits on the codestream syntax parameters. Two profiles are~defined in Rec. ITU-T T,800 |
ISONEC 15444-1, labelled Profile-0 and Profile-1. Other profiles exist, including:one that allows unrestricted uge of
capapilities in Rec. ITU-T T.800 | ISO/IEC 15444-1. Testing arbitrary codeStreams requires almost unlifited
computational resources. Thus, all defined tests for J2K decoders pertain €0 "a specific profile and will only use
codeptreams compliant with that profile. The defined tests for HTJ2K decodérs are based on the derived sets defingd in
Tablg 1 that are obtained only from J2K codestreams conforming to Profile-0 and Profile-1.

A.1l2  H,W,C: Image size guarantees

Decqders may be limited in the size of the output image that.they are capable of producing, due to physical digplay
chargcteristics or memory limitations. H, W, and C are “respectively the largest height, width, and numbgr of
components that are required to be decoded for a decoder in the compliance class. Codestreams containing [nore
samples than the H, W, and C for a Cclass shall still\be decoded. Compliance for these codestreams is based op the
abilify to decode at the largest resolution smaller_than or equal to that specified by the decoder's Cclass. This largest
resolution size is determined by the component in the codestream with the smallest sampling factor relative t¢ the
referpnce grid. For images with different subSampling on different components, the smallest subsampling valuef are
used|to determine the region that is decoded, and the corresponding region of each component shall be decoded.

For Cclass 0, a decoder shall be able.to.decode the largest resolution level that is no larger than 128 samples in gither
image dimension and that requirés)yno more than three levels of inverse discrete wavelet transformation (IDWT)
procgssing. For Cclass 1, a decoder shall be able to decode the largest resolution level that is no larger than p048
samples in either image dimension and that requires no more than seven levels of IDWT processing.

Fornulae A-1 and A-2 express these restrictions for a single tile image. The minimization with respect to XRsz ovgr all
components selects the component with the smallest sampling relative to the reference grid. The maximum r < T that
satisfies both conditions is the number of levels that shall be decoded. T, is defined in A.1.9. Xsiz, Ysiz, XOsiz, and YOs)z
comg¢ from the-image and tile size (SIZ) marker segment defined in Rec. ITU-T T.800 | ISO/IEC 15444-1. N is the
numbper of wavelet transform levels used in the image as specified in the coding style default (COD) or coding [style
component (€OC) marker segments. (If a non-negative r does not exist to satisfy both conditions, then no degoder
obligTation exists.)

n Xsiz 3 X0, _‘ W v
a (XRgz (1) 2NL"W L,”i'“ (XRy, (i) 2" |~ (A1)
_ Yoz 3 YO,,, —‘ o .
\r:iIn (YRg, (1)) - 2Nt —‘ |7$im (YRg, (1)) - oNe-r |7 (A-2)

For images with multiple tiles, a tile with top left and bottom right coordinates (txo, tyo), (X1, tys) on the reference grid,
and number of decompositions levels N, is decodable at resolution r < T, subject to the restrictions in Formulae A-3
and A-4.
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I tx, tx,
(KR (1)) 2" w { (XRey (1)) 2" f}w A9

I ty, ty,
(YR, (1)) 2" w { (YR, ()2 f}H (A4

See Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex B for an exact definition of txo, tyo, tx1, and ty; including
limitations to S1Z marker parameters. If a non-negative r does not exist to satisfy both conditions for any tile, then no
decoder obllgatlon exists. Other\lee one or more tlles shall be decoded where the total decoded width need not exceed

5 test
dition.

owever, some post processing will be permitted as described in Annex B.

A decoder claiming compliance at some Cclass with image dimensions H x W and number of componénts C shall also
be c@pable of decoding any image with width less than or equal to W, height less than or equalttoH, and numbger of
components less than or equal to C. For each Cclass, the minimum values for H, W, and C are spécified in Table A.[L.

Al Neb: Code-block parsing guarantee

Decqders need not decode compressed bits that cannot be recovered from the codestream due to excessive parser
menrory being required. An upper bound for the parser state memory required to.réach a point x in the codestream{may
be determined from the total number of code-blocks for which state information*has to be kept, the total numbgr of
precincts for which a packet has been encountered, and the total number of components of the codestream.

At ppsition x in the codestream, Ney(X) is defined as the total number ef\code-blocks in every precinct where the first
headgr byte of at least one received packet for the precinct lies outside the range 0x80 to Ox8F.

Decqders are permitted to stop parsing the codestream at the point,~X, once Nen(X) > Ncb, Where Ngy is defined for|each
compliance class. Decoders are permitted to stop parsing the.cedéstream once packet headers with more than N, ¢ode-
blocks have been encountered. Code-blocks in packets prior, to-the packet with the Nesth code-block shall be decodgd up
to the limits of other parameters in the compliance class.
NOTE - Packets headers with the first bit set to 0 are defiried as empty. The above definition adds all the code-blocks assogiated
with such precincts to Necb for these empty packets,because a decoder requires more memory for these packets than for pgckets
sfarting in the listed range.

Ald Neomp: COmponent parsing guarantee

Decqders could be required to buffertinformation about each component for many thousands of components just to
pars¢ a codestream. To limit the required memory, decoders are permitted to stop parsing the codestream at a poipt, X,
once|the following condition is reached:

Cmax(X) > Ncomp

whete Cnax(X) is defingd as the largest component index for which a packet has been encountered up to pojnt x
regardless of the emptiness or the relevance of the packet.

Codg-blocks_invpackets prior to the above stop condition shall be decoded up to the limits of other parameters ip the
compliance-¢lass.

Alb Luoay: Coded data buffering guarantee

The parser state memory described in A.1.3 is required to parse packets regardless of whether their code-blocks are
relevant to the dimensions and number of components for which compliance is being claimed. For those code-blocks
that are relevant, the implementation is required to store the recovered packet bytes. These are the code bytes that are
processed by the block decoder (Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annexes C and D).

After a given number of decoded codestream bytes, x, the quantity Luogy(X) is defined as the total number of packet bytes
that have been encountered so far in packets whose precincts are relevant to the dimensions and components for which
compliance is being claimed. Although some implementations may be able to decode some of these packet bytes
incrementally, Lyogy represents an upper bound on the number of packet bytes that have to be stored by the decoder prior
to decoding. If the number of relevant packet bytes exceeds Luoay, then the IUT is allowed to stop reading the
codestream and to decode the code-blocks obtained up to the limits of other parameters in the compliance class.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.803 (06/2021) 11
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A.1.6  M: Decoded bit-plane guarantee

The decoder shall decode all of the packet bytes recovered by the parser in accordance with the requirements described
above. This obligation is limited to the most significant M bit-planes of each code-block. Specifically, the block decoder
shall correctly decode the first 3(M — Py) — 2 coding passes, if available, of any relevant code-block, b, where Py, is the
number of 0-valued most significant bit-planes signalled in the relevant packet header as described in Rec. ITU-T T.800
(2019) | ISO/IEC 15444-1:2019, Annex B. The decoder is free to decode any number of additional coding passes for
any code- block. Codestreams with large values for the number of guard bits will have a larger number of 0-valued most
significant bit-planes, and thus a decoder of any given Cclass will decode fewer useful bit-planes. Likewise,
codestreams with large values for the shift in the region of interest (RGN) marker segment may have fewer bit-planes
decoded.

A.1.7  P:9-71 precision guarantee

Codgstreams that make use of the irreversible 9-7 discrete wavelet transform will require dequantization, the 9-7 inyerse
discrete wavelet transform, and potentially the inverse irreversible component transform (ICT). The precisiof valugs for
the Wavelet transform are chosen to allow high quality imagery at various bit-depths, e.g., 8, 12, or 16 hits jper sample.
Howgver, for Cclass 0, the accuracy of the 9-71 filter required is set such that it is possible to be compliant by decqding
and Jnverse quantizing and performing a 5-3I (irreversible 5-3) inverse wavelet transform. This\allows lower| cost
decogers to be used for the lowest compliance class only. For higher compliance classes, using the’5-3 filter in plage of

the 5-3 inverse wavelet transform to decode imagery compressed with the 9-7-Wwavelet introduces sjgnal
depehdent noise. For example, errors are highest around edges in the imagery. BecauSe induced errors are sjgnal
dependent, there is no "precision” specified for the implementation of the wavelet-transform for Cclass 0. Instead, the
bourjds on accuracy of the 9-7 transform have been set for each Cclass 0 referencé.mage to allow an implementatipn to
use the 5-3I inverse wavelet filter. Using the 5-31 inverse wavelet transform instead of a 9-71 filter does not religve a

ompliance classes other than Cclass 0, the precision guarantée’in Table A.1 refers to the implementafion's
um word size that will achieve the target mean squared error (MSE) values for the test streams.

To fcilitate end-to-end testing for compliance, dequantization may be performed using mid-point rounding. That i$, the
valug of r in Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Formula G-6 can be r = 1/2. Implementations ynder
ay provide the option of using different values for the\reconstruction parameter, r; however, if the value r = 1/2 is

A dgcoder is expected to implement the reversible 5-3R IDWT exactly, for component bit-depths of B bits/samgle or
less, |as specified in the SIZ marker segment’(see Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex A)| If a
codeptream employs the reversible component transform (RCT) and the IUT claims compliance at three or more
onents, it shall be able to perform both the 5-3R IDWT and the inverse RCT exactly for bit-depths pof B
bits/$ample or less.

A.1l9  T.: Transform level guarantee

For g¢ach Cclass, a decéder is expected to be able to synthesize a minimum number of levels of the IDWT, T/ For
codeptreams that contain more than T, decomposition levels, the decoded image from a compliant decoder in a given
Cclaps may includeanly the top resolution levels.

A.1.10 L:Jayer guarantee

For gach*Cclass, a decoder is expected to decode a minimum number of layers, L, in a codestream. For codestreams that
contginZmore than L layers, the decoded image from a compliant decode in a given Cclass may include only thg top
L layers. This relieves compliant decoders from the burden of decoding inefficient codestreams with an excessive
number of layers.

A.1.11 Progressions

For all Cclasses, a decoder is expected to decode all possible progressions as specified in the COD marker segment. If a
progression order change (POC) marker segment is used in a codestream, a Cclass O decoder shall decode packets
associated with the first progression order specified in the POC marker segment for that tile. Additional packets in the
tile may be skipped. For all other Cclasses, packets may be skipped only due to other limitations (e.g., Neo and Luegy) and
there is no explicit limitation on the number of POCs that may occur.
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A.1.12 Tile-parts

Codestreams may contain multiple tile-parts for each tile. Profile-0 codestreams require all initial tile-parts to appear in
spatial order in the codestream before other tile parts. Cclass O decoders may ignore tile-parts beyond the first even if
Neb OF Lbogy has not been reached. For all other Cclasses, tile-parts may be skipped only due to other limitations (e.g., Neo
and Lyoay) and there is no explicit limitation on the number of tile-parts that may occur.

A.1.13 Precincts

Tiles may contain several precincts. Cclass 0 decoders need only decode the first precinct in each sub-band of each tile.
Note that Profile-0 codestreams are designed to have only one precinct in each sub-band up to the resolution level
decoded by a Cclass 0 decoder. Other profiles do not have this guarantee. Other Cclass decoders shall decode all
relevant precincts.

Al14 Mmacs: Magnitude bound guarantee
For IHTJ2K decoders, compliance classes are further qualified by a maximum supported value for the Buage-parameter
of the codestream.
A2 Compliance class definitions
Table A.1 defines three compliance classes for J2K decoders, in terms of the parameters in-A.1.2 to A.1.13. Tabl¢ A.2
defirles three derived compliance classes for HTJ2K decoders, in terms of the parameters in‘A.1.2 to A.1.14.
Table A.1 - Definitions of compliance classes (Cclass) forld2K decoders
Parameter Cclass 0 Cclass 1 Cclass 2
W« H (size) 128 x 128 2048 x 2048 16384 x 16384
C (¢omponent) 1 4 256
Neb (HW/1024 + 32)C = 48 (HW/256 +.128)C = 66 048 (HW/256 + 128)C = 268 468 224
Neorip 64 256 16 384
Lbod 8192 bytes 223 bytes 2% pytes
M 11 15 30
P Low enough to allow 5-3I 16-bit fixed point 32-bit single precision floats
decoding of 9-71 data implementation
B 8 12 16
Tu 3 7 12
L 15 255 65535
Progressions All "basic" pregressions in Limited only by number of Limited only by number of leve|s,
COD, only\need decode first levels, layers and components | layers and components
progression per tile
Tilg Parts Decode only first tile-part per Decode all tile-parts up to Neo | Decode all tile-parts up to Ncb 0
tile or Lbody limits Lbody limits
Pregincts Becode 1st precinct per Decode all precincts up to Neo | Decode all precincts up to Nes 0
sub-band or Lbody limits Lbody limits
Table A.2 — Definitions of derived compliance classes (Cclass) for HTJ2K decoders
Parameter Cclass Oh Cclass 1h Cclass 2h
WxH,C, N, ... As specified for As specified for As specified for
precincts Cclass 0 in Table A.1 Cclass 1 in Table A.1 Cclass 2 in Table A.1
Mwmacs >11 > 15 > 30
© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.803 (06/2021) 13
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A3

Lossless encoding and decoding

The minimum compliance point, Cclass 0, guarantees sufficient resources to ensure truly lossless decoding to a bit-
depth of at least 8 bits per sample. However, this does not mean that lossless performance will be achieved, even if the
codestream contains a lossless representation of the image. A compliant Cclass 0 decoder may fail to reproduce a
perfectly reconstructed 8-bit version of a losslessly compressed image if the codestream contains a large amount of
irrelevant information (e.g., extra image components or resolutions that are not targeted by the particular decoder
implementation under consideration). Extra irrelevant information may cause a compliant decoder to stop reading the
codestream due to Lnody OF Nep limits being reached before all relevant information has been recovered.

Again, lossless decompression may not be achieved, even if the codestream contains a lossless representation of 8-bit
imagery, if the compressor employed an unnecessarily large number of guard bits or unnecessarily large sub-band
dynamic range parameters, g, (Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex E), for some sub-bands, or if
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Decoder compliance testing procedures

(This annex forms an integral part of this Recommendation | International Standard)

General

This annex defines the procedure to follow to determine if a decoder is compliant with a particular compliance class
(Cclass) for a particular profile. The Cclass is a level of quality achieved by a decoder. A decoder of a higher Cclass is
required to achieve a higher quality image for the same codestream. A decoder compliant with a certain Cclass may
have capabilities beyond those required for compliance to that Cclass, but not sufficient for compliance with the next

high
the |

B.2
The

Decoder test procedure

st Cclass. In such a case, It may be necessary to alter the outputs of the decoder In order to test Its compliance
pwer Cclass. This annex defines procedures for such alterations.

brocedure defined herein will determine if a decoder is compliant at a chosen profile and Cclass!

R1

R2

T.803(21)_FB.1

with

S1: Select first test codestream (TCS)
S2: Decode TCS with IUT

S3: Convert outputs of decoder

S4: Compare with reference image
S5: Select next TCS

D1: Any error metrics within tolerance?
D2: More tests?

R1: Decoder failed compliance

R2: Decoder passed compliance

Figure B.1 — Decoder compliance test flow chart
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The following steps for testing the set of codestreams are shown in Figure B.1:
a) each relevant codestream is decoded using the decoder under test;
b) the decoded outputs are format converted if necessary;
c) the difference between the decoded outputs and reference images are measured; and
d) the measurements are compared with the limits for the particular image and compliance class.

These steps are defined in more detail below. Failure to meet the tolerance limits for a single image results in the
decoder failing to be compliant at the profile and Cclass being tested.

The relevant codestreams for testing a J2K decoder consist of each J2K test codestream in the ETS that belongs to the

profile against which the IUT claims compliance. For example, to test a J2K decoder against Profile-0, each TCS with
the Inmfi\( "Inﬁ" isused.inthe r‘nmplinnr‘n fncfing Inmr‘mr‘lum

The frelevant codestreams for testing an HTJ2K decoder consist of the highest precision compatible TCS_from |each
subsgt of the ETS consisting of HTJ2K test codestreams that differ only by Buace value (BSET) in the ETY that
belofgs to the derived set against which the IUT claims compliance. A BSET is a collection of test codestreamg that
diffef by Bmace Vvalue, but otherwise represent the same content, with the same coding parameters. The highest
precision compatible test codestream from a BSET is the one with the largest Buacs value that.is\no larger thap the
Mwmaks limit claimed by the IUT. For example, if a BSET contains codestreams with suffix " _b1#"and " b13", thq first
one |s used for testing an IUT whose claimed Muacs limit is smaller than 13, while the second is used for testing an
IUT [whose claimed Mwags limit is 13 or more. Each BSET in the ITU-T T.803 codestreanis archive&ror! Bookmarknotd
sfined| or |ISO/IEC 15444-4 codestreams archiveErrort Bookmark not defined. jnclydes one test codestream with Byacs no lprger
than|11, and the minimum Mwace Value for the lowest defined Cclass is 11, so all BSETs can be used in testing an
HTJ2K decoder for compliance with each defined Cclass.

B.2.] Files for testing

A particular ETS defines the codestreams, output images, and error-tolerances. This is done in Annex C for|four
fundpmental compliance points (two Cclasses and two profiles), which are split into eight derived compliance poings for
HTJ2K decoders (two Cclasses and four derived sets).

B.2.2 Decoder settings

Decqders may have mechanisms for supporting various*decompression settings. These may be set in the most
advahtageous way to achieve compliance. For examplé;a decoder with a "fast mode" and an "accurate mode" may be
the "accurate mode" for compliance. These settings should be noted in any statement of compliance. Settingg that
the output resolution or spatial region of, the*reference decoded images to be matched may be changed for|each
decofded image. The same user controlled:.settings for accuracy or quantization reconstruction factor of wajelet
coefficients shall be used for all test codestreams.

For gach reference decoded image it.is\uséful to know the output resolution and spatial extent; this is provided with the
ETS]| All reference decoded images begin at the upper left corner of the TCS image area and include decoded tiles pip to
the width and height declared in_these tables. The reduction in resolution from the full TCS resolution is providgd in
thesq tables, as well. For Cclass)0, when several reference decoded images are provided for a single test codestreany, the
decofler output need only becompared with one of the reference image choices.

The yeference decoded images are provided in a specific format defined below. In order to compare decoded inmages
the decoder’ under test with these images, several conversions may be necessary. These conversions are dope as
post{processing steps outside of the decoder solely for determining compliance. There is no requirement for a compliant
decofer"te, perform these processes as part of its normal operation. These conversions shall not introduce a qyality
chanpe(€ither loss or gain) except as required by the specific conversions described in the following subclauses.

B.2.3.1 Order-dependent conversions

The following post-processing conversions, if required, shall be performed in the indicated order and prior to the order-
independent conversions.

B.2.3.1.1 Scaling

Decoders may produce a high resolution image even when testing for a low Cclass. For example, a full 256 x 256
component from Profile-0 test codestream 3 might be produced by a decoder attempting to pass Cclass 0. The reference
image for Cclass 0 is only 128 x 128. Thus, the decoded image shall be scaled to 128 x 128. Components should be
scaled by applying the forward wavelet transform (5-3 or 9-7 according to which was used to decode the component)
and keeping only the required low pass sub-band. It is preferable but not required for decoders to be able to decode any
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desired resolution. The reference images were created by decoding the number of wavelet decomposition levels
specified in the tables for each test.

B.2.3.1.2 Multiple component transform

For Cclass 0 only, a decoder can decode a single component. For multiple component images this will be the first
codestream component, which may correspond to the luminance of the multi-component image. A decoder that decodes
3 components from the image and performs the inverse colour transform shall use post-processing to extract a single-
component image to be compared with the reference image. This post-processing consists of a forward colour transform
and extraction of the first component of the output. If the components were transformed with the 9-7 filter, the forward
ICT from Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Formula G-9 shall be used. If the components were
transformed with the 5-3 reversible filter, the forward RCT from Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019,
Formula G-3 shall be used.

B.2.3.1.3 Conversion to integer
A degoder producing floating point output samples shall have the samples converted to the nearest integer.
B.2.3.1.4 Clipping

Becguse of quantization and potential differences in the forward and inverse wavelet transformsydecoded compgnent
samples may be outside their nominal range. They shall be clipped as follows for unsigned components:

07 Xunclipped < O
_ D
Xclipped - Xunclipped’ O < Xunclipped < 2 B_l)
D D
27 -1, 2" < Xunclipped

whete D is the bit-depth of the component. For sighed components, clipping is defined as:

D-1 D-1
277, Xunclipped <=2
— DL D-1
Xclipped - Xunclipped’ _2 = Xunclipped < 2 B'Z)
D-1 D=1
2 _1’ 2 < Xunclipped

whete D is the bit-depth of the component.

B.2.3.1.5 Bit-depth scaling

The flecoded images shall be scaled tothe-smaller of the image component bit-depth and the compliance class bit-depth.
For ¢xample, if a decoder decodes-a12-bit component into the most significant bits of a 16-bit word, the compgnent
shall| be scaled to 8 bits per sample for a Cclass 0 decoder test. If the decoder produces an 8-bit component Tor a
codeptream with a 4-bit component, the component shall be scaled to 4-bits per sample. The scaling shajl be
implemented by simple arithmetic shifts. This can be expressed as:

X
Xscaled =l: L;;cﬂed j| B-3)

whetle d is the'nominal bit-depth of the decoded component and r is the bit-depth of the reference image.

B.2.3.1.6 Subsampling

All reference components contain the number of samples expected from Rec. ITU-T T.800 (2019) | ISO/IEC
15444-1:2019, Formula B-2, restricted to H and W for the Cclass. For testing purposes, it is preferable for a decoder to
not upsample the image (e.g., by replication by XRS;, or YRS, to create a component the size of the reference grid). If
such upsampling cannot be turned off, a post-processing step to subsample the upsampled image shall be used to return
the component to the appropriate size.

B.2.3.1.7 Cropping

Decoders may have the capability to decode the entire image when presented with a test codestream, and in some cases
this may yield an image that is larger than the H and W requirements for the Cclass being tested. In such cases, the
decoded image shall be cropped for testing purposes, leaving the upper left corner to be the size of the appropriate
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reference image for the Cclass being tested. Cropping is accomplished by discarding all samples outside of the

dimensions of the reference component.

NOTE - For a decoder of a given Cclass, there may be several possible ways to produce an output image that satisfies the H and
W requirements for that Cclass. The possibilities will depend upon the specific capabilities of the decoder, the size of the image
and its tiles, and the number of decomposition levels present in each tile. The reference images for each codestream are produced
in one of two ways when possible. First, the decoder processes the first image tile to its maximum resolution consistent with the
size constraint for the given Cclass. If possible, additional tiles are included at the same resolution to bring the final output image
size as near as possible to the Cclass H and W size limits. (Note that this implies the tiles are produced at full resolution.) Second,
the decoder processes all tiles of the image at a common resolution consistent with the Cclass H and W size limits. This latter
strategy produces something similar to a thumbnail or overview image, typically at a resolution reduced from that of the original

image.

B.2.3.2 Order-independent conversions

The [following post-processing conversions, if required, shall be performed after any order-dependent convergions.
These conversions may be applied in any convenient order.

B.2.3.2.1 Component de-interleaving

Decqded images in interleaved format (e.g., one red sample followed by one green sample followed by one|blue
sample) shall be converted to one file per component.

B.2.3.2.2 Endianness

All rpference images are stored in big endian (i.e., with most significant byte first). If the.decoded image is producgd in
littlelendian format then the bytes shall be swapped for comparison purposes.

B.2.3.2.3 Sign extend to byte boundary

All reference images are stored with either 8 or 16 bits per sample. For exafmple, 4- and 12-bit component samplesishall
be padded in the most significant bit positions with an additional 4 bits))These bits shall be "1" for negative samples in
signgd images and "0" for all other samples. The sign extensionsshall properly account for the endianness of the
samples.

B.24  Compare decoded and formatted components with reference components

components for each Cclass are listed in the tables-defining the ETS. The decoded components shall be com

Oncg the decoded image has been properly formatted it is compared with the reference image. The refe;lence

ared

sepafately for all components for which there is\ateference decoded image. For each component, the MSE shgll be
deteimined as follows:
1 2
MSE == (x — i) B-4)
N 3
where N is the number of samples in the component (reference width times reference height), xi is a sample from the
reference image, and X; isithe-corresponding sample from the decoded and formatted image.
The Peak error, p, shallbe’determined as follows:
N
p= M_Al\X X — S(i‘ B-5)
i=

B.2.1 Compare error metrics with specification

Each ETS defines a peak error and MSE error for each test codestream and reference decoded image. These are defined

in Annex C.

For the CclassO tests, only the first codestream image component is decoded. Any ICT or RCT indicated in the
codestream is not performed. When multiple reference files are provided, the decoder output shall be tested against at

least one of these references.

Other Cclasses require decoding multiple components. Separate reference images are provided for each component
which has to be decoded, with the suffix C, which indicates the component number. The IUT shall make comparisons

for all the component reference files listed in tables defining the ETS.
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B.2.6 Reference components file format

This subclause describes the file format, called PGX, of the reference images used for comparison with the output of the
decoder under test. The decoder under test is not required to produce this particular file format. Any necessary
conversion, as specified in B.2.3, may be applied. The reference decoded files are stored with one file per component.
There is also a header line that describes the size of the components.

NOTE - In some operating systems the PGX test files provided may be split into a header only file and a raw data file with no
header using the commands 'head -1 file.pgx >header.txt' and 'tail +1 file.pgx >file.raw'.

B.2.6.1 Header format
The header used by the reference images consists of a single text line of the form:

PG <hytp order> [+!-]<hi'r-dr—‘-p'rh> <width> <hpighr> <newline>

EacH of the fields is separated by one space character, 0x20.

<byte order> literal "ML" (0x4D, 0x4C)

NOTE — Some PGX writers will use the literal "LM" to indicate least significant byte first. This is not used.'by the refefence
hages with this Recommendation | International Standard.

[+|-1xbit-depth> If this field begins with an ASCII digit or a '+' character, the image data is unsigned,; if the field bggins
withla '-' character the data is signed. The ASCII value indicates the bit-depth. There may be-a space (0x20) betweeh the
sign ((+' or '-') and the bit-depth.

<width> the number of samples horizontally for the image. There are no offsets or supsampling with this format.
<height> the number of samples vertically for the image. There are no offsets or.subbsampling with this format.

<newline> may consist of the two bytes 0x0d, 0x0Oa, or the single character. 0x0a, the character Ox0Oa shall be th¢ last
befofe the beginning of the raw data and will always be present.

Example — PG ML +8 128 128

B.2.6.2 Data format

The pinary data appears immediately after the 0x0a byte in the-header. The data in the raw file is stored most significant
byte[first using 1, 2, or 4 bytes per sample. One byte is used for component depths of 1 to 8 bits, two bytes are used for
component depths of 9 to 16 bits, and four bytes aré used for depths of 17 to 32 bits. Signed data is stored ip 2's
commlement, with sign extension throughout the 1, 2)or 4 bytes (e.g., —1 is stored as OXFFFF for a 12-bit signed impge).
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Annex C

Compliance tests

(This annex forms an integral part of this Recommendation | International Standard.)

This annex specifies the ATSs and ETSs that will be used in the compliance test procedures from Annex B.

C1

ISO/I

C.lL

C1l?

20

Abstract test suite (informative)
The ATS defines the general tests for components of Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.814 |

a)

b)

0)

EC 15444-15. The lists in this subclause are used to define the decoder ETS and could be used to de
additional encoder or decoder ETSs.

| Syntax and compressed data order

Arithmetic entropy encoding

Test purpose: To test the ability of an implementation to encode and decode codestreams with opt
markers, marker values, and markers in different locations in the codestream.

Test method: Using lossless codestreams, encode or decode several different codestreams with varia
of markers, marker values, and marker locations. Parameters and existence af markers may be limit¢
the profile being tested. Specific test items include:

— location of markers in codestream: optional markers in different positions of the codestream;
—  priority of markers: markers in the codestream that override previous markers;

—  proper use of the pointer markers: tile-part length (TLM), packet length, tile-part header (H
packet length, main header (PLM) correct;

— image offsets: XOsiz and YOsgz with several values including odd, even, large, and small;
— tile dimensions: several size tiles including oddyeven, very small tiles;

—  tile offsets: XTOgjz and YTOsz with severakvalues including odd and even;

—  component subsampling: XRsiz and YRsiz With several values including odd and even;

—  code-blocks dimensions: all values;

—  progression orders: five progression orders, POCs;

—  packet headers: include start-of packet (SOP) and end of packet header (EPH), number of 14
different locations of packet headers (main header, tile-part header, codestream), bit stuffing;

— precincts: having several values of precinct sizes (including different for each sub-band 4
precinct that is_smaller than the code-block sizes), precinct and tile boundaries equivalent af
resolution, different at high resolution;

—  precinctscontaining no data, resolution levels containing no valid coefficient, precincts that ha
coefficients’in several/all bands;

—  packetnon-empty bit of the packet header;

— <sub“bands: with no precincts;

£\ tile-parts: placing the tile-parts in different locations in the codestream, POC in second tile-part
Reference: Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annexes A and B.
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Test purpose: To evaluate the correct operation of the implementation of the arithmetic encoder within

the IUT.

Test method: Losslessly compressed images using different combinations of options. Can change within

a single image by changing the options in each tile. Encode, or decode several different codestreams
different arithmetic entropy coding parameters. Specific test options include:

— arithmetic coder bypass;

—  context reset on coding pass boundaries;
—  termination on each coding pass;

— vertically causal context;

—  predictable termination;

with
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—  segmentation symbols;
—  combinations of options.
Reference: Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex C.

C.1.3  Coefficient bit modelling

a) Test purpose: To test the correct operation of the coefficient bit modelling of the arithmetic encoding of
the IUT.

b) Test method: Encode, or decode several different codestreams with all possible neighbouring location
contexts. Test all contexts occurring in all sub-band types and with and without vertically causal
contexts.

c) Reference: Rec |ITU-T T 800 (2019 | ISQ/IEC 15444-1:2019 _Annex D

7

C.14  Quantization

a)
b)

<)

C.1l5 Discrete wavelet transform

Test purpose: To test the accuracy of the quantization implementation of the 1UT.

Test method: Encode or decode several different codestreams with zero levels of decomposition if the
wavelet transform so that the quantization is the only parameter being tested. The accuracy is tested|with
MSE and max error. Specific items to test include:

—  exponent and mantissa;

— guard bits;

— dequantization offset value;

—  derived and explicit quantization.

Reference: Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Arnex F.

a) Test purpose: To test the accuracy of the implementation of the two discrete wavelet transforms.

b) Test method: Encode or decode several different-codestreams with the two filters, varying the tile|size,
and number of levels, and test the accuracy of‘each of the filters. The accuracy of the 9-7 filter shgll be
defined by MSE and max error while the5-3 filter shall have no difference. Specific items tq test
include:

—  precision of 9-7;
—  reversibility of 5-3;
— number of decomposition-levels, including 0;
—  different offset conditions and tile sizes, very small sub-bands down to 1 x 1, empty sub-bands} one
column sub-bapds;-ohe-row sub-bands;
—  saturation conditions.
c) Reference: Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex F.
C.1. DC level shift-and multiple component transform

a) Testlpurpose: To test the ability of the implementation to achieve the DC level shift and the accuragy of
the\two multiple component transforms.

b)<—Test method: Encode or decode several different codestreams with IUT using different combinations of
options:
—  component depth;
—  component samples that are signed and unsigned;
—  precision of ICT,;
—  correctness of RCT.

c) Reference: Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex G.

C.1.7  Region of interest
a) Test purpose: To test the correct implementation of ROI in the IUT.
b) Test method: Encode or decode several different images with regions of different size, number, shift

value, different in each component:
—  different ROI in each component;
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— RGN marker in main and tile-part header, test for proper treatment of priorities;
—  shift value;
—  partial decoding of an image with ROI.

¢) Reference: Rec. ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Annex H.

C.18 JP2 file format

a) Test purpose: To test the ability of the implementation to accurately represent the JPEG 2000
compressed data within the JP2 file format.

b) Test method: Encode or decode several different codestreams with different parameters of the file
format.

C, Referencer Rec 1TO-T 1.800 (2@19, ISOAEC 10444-1.ZULY, ANTEX 1.

C.1.9  High throughput cleanup pass coding

a) Test purpose: To evaluate the correct operation of the implementation of the high throughput (HT)
Cleanup pass coder within the IUT.
b) Test method: Losslessly compressed images of various dimensions, with different values of the vertically
causal context mode flag (bit-3 of SPcod/SPcoc) . Can change within a single image by changing the
options in each tile.

c) Reference: Rec. ITU-T T.814 (2019) | ISO/IEC 15444-15:2019, Clause 6.

C.1.10 HT refinement pass coding

a) Test purpose: To evaluate the correct operation of the implementation of the HT block coder within
the IUT, including Cleanup, SigProp and MagRef coding passes:

b) Test method: Transcode reversibly transformed but lessy compressed J2K codestreams to HTJ2K
codestreams, so as to preserve the truncation boundaries'of the original block bit-streams. Verify that the
decoded J2K and HTJ2K codestreams produce identical images.

¢) Reference: Rec. ITU-T T.814 (2019) | ISO/IEC 15444-15:2019, Clause 6 and subclause 7.8.

C.1.11 Placeholder passes

a) Test purpose: To evaluate the correct fofmation of packet headers within the IUT, where multiple gyality
layer boundaries are to be recordedqin a codestream that uses the HT block coding algorithm without
multiple HT Sets.

b) Test method: Transcode reversibly transformed J2K codestreams with multiple quality layers to HTJ2K
codestreams with corresponding quality layers and packets for each precinct, so as to preserv¢ the
original coded values exactly using at most one HT Set for each code-block. Verify that the decoded J2K
and HTJ2K codestreams' produce identical images. Verify that the HTJ2K codestream can be transgoded
back to a non-HTJ2K codestream and that truncating this codestream and the original J2K codestredm to
a reduced number-of quality layers results in the same image upon decoding.

C.1.12 Mixing of HT-and J2K code-blocks within HTJ2K codestreams

a) Test plipose: To evaluate the correct construction of JPEG 2000 packets in the case where both HT and
J2K code-blocks may be present in a packet — bits 6 and 7 of SPcod/SPcoc are both set to 1 in this cgse.

b) ~Test method: Selectively transcode some code-blocks of a losslessly compressed J2K codestream tp HT
code-blocks, leaving the other code-blocks as J2K code-blocks, and regenerate JPEG 2000 packdts to
correctly signal and encapsulate the transcoded content. Decode the resulting J2K and HTJ2K
codestreams and verify that they are identical.

C.1.13 JPH File format

a) Test purpose: To test the ability of the implementation to accurately represent the JPEG 2000
compressed data within the JPH file format.

b) Test method: Encode or decode several different HTJ2K codestreams with different parameters of the
file format. Alternatively, transcode JP2 files with their embedded J2K codestreams to JPH files with
embedded HTJ2K codestreams.

c) Reference: Rec. ITU-T T.814 (2019) | ISO/IEC 15444-15:2019, Annex E.
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C.2 Executable test suite

The ETSs are the embodiment of the ATS. Commonly several ATSs are embodied in one ETS. This subclause defines
four ETSs for J2K decoders, namely Cclass 0 and Cclass 1 decoders for Profile-0 and Profile-1 codestreams. There are
16 test codestreams defined for Profile 0 and 7 test codestreams defined for Profile-1 (Profile-1 compliance requires
both Profile-0 and Profile-1 test codestreams). The tolerance values are defined as a function of Cclass for each image
and may be more difficult to achieve as Cclass increases for each image.

Each ETS consists of codestreams, reference decoded images, and tolerance values for MSE and peak error. In addition,
some information is provided about the test codestreams, which may aid correction of a non-compliant decoder. This
information consists of a table listing many of the markers in the codestream, the offset into the codestream where those
markers occur and the value of the parameters of those markers.

ETSs e decoders—are—dertred-from—the —Fhe—toterance—values—for—each etass are
identical to those for the J2K Cclass from which it was derived. The transcoding of each of the 16 J2K test codeStreams
results in a single HTJ2K BSET, belonging to one of the derived sets listed in Table 1. The HTJ2K test codestréarns in

each|BSET have different Byacg parameter values. One test codestream in each BSET has Byjags < 11.
C.21 Class 0 Profile-0

C.2.1.1 Codestreams

The P2K test codestreams for this ETS are in the directory codestreams_profile0. There are 16 codestrgams,
with[names of the form p0_#4# . j2k, where ## is the codestream number.

The perived HTJ2K BSETSs for this ETS are in the directory htj2k_bsets_pxrofile0. There are 16 BSETs,|with
namgs of the form pO_## bset, where ## is the J2K codestream number<Each BSET is a directory, conta|ning
codeptreams with names of the form dsO_ht_ ##_b$.3j2k or dsO hm’ ## b$.j2k, where ## is the[J2K
codeptream number and $ is the Byugg value. Names of the first formmare used for HTJ2K codestreams thaf are
HTQNLY, in which case the codestream belongs to derived set DSO<HT; otherwise, the second form of the name is
used|and the codestream belongs to derived set DSO-HM.

C.2.1.2 Reference decoded images

The [eference decoded images for this ETS are in the directory reference_class0_profile0. The filenamgs are
of the form cOpO_## [rN] .pgx, where ## is the-codestream number, and N is the number of inverse wavelet
trangforms that have been skipped in the decoding of-the codestream. A 0 indicates a full resolution image (typically
this s cropped to the upper left corner). A 1 indicates’an image with resolution reduced by 2! in each dimension.

The $ame reference decoded images are used \when testing both HTJ2K and J2K decoders.
C.2.1.3 Tolerances
The maximum allowable MSE and“peak errors are listed in Table C.1, along with the size of the reference decpded

images.

Table C.1 - Class 0 Profile-0 reference images and allowable errors

TCS Reference file | Resolution | qioned | Depth | width | Height | Peak | M9E
reduction

pQ_01.j2k cOp0_01.pgx 0 8 128 128 0 0
pQ_0242k c0p0_02.pgx 0 8 64 126 0 0
p0_0%j2k c0p0_03r0.pgx 0 - 4 128 128 0 0f

- cOp0_03rl.pgx 1 - 4 128 128 0 0
p0_04.j2k cOp0_04.pgx 3 + 8 80 60 33 55.8
p0_05.j2k cOp0_05.pgx 3 + 8 128 128 54 68
p0_06.j2k cOp0_06.pgx 3 + 8 65 17 109 743
p0_07.j2k c0p0_07.pgx 0 - 8 128 128 10 0.34
p0_08.j2k c0p0_08.pgx 5 - 8 17 96 7 6.72
p0_09.j2k c0p0_09.pgx 2 + 8 5 10 4 1.47
p0_10.j2k c0p0_10.pgx 0 + 8 64 64 10 2.84
p0_11.j2k c0p0_11.pgx 0 + 8 128 1 0 0
p0_12.j2k c0p0_12.pgx 0 + 8 3 0
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Table C.1 - Class 0 Profile-0 reference images and allowable errors

TCS Reference file ?Zg%lgtig)r? Signed Depth Width Height Peak MSE
p0_13.j2k c0p0_13.pgx 0 + 8 1 1 0 0
p0_14.j2k c0p0_14.pgx 2 + 8 13 13 0 0

. c0p0_15r0.pgx 0 - 4 128 128 0 0
p0_15.j2k
c0p0_15r1.pgx 1 - 4 128 128 0 0
p0_16.j2k c0p0_16.pgx 0 + 8 128 128 0 0
The |values in Table C.1 are used when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K
decofler, the allowable MSE and peak errors may be increased, depending on the Muacs limit claimed by the) IU[T, in
accofdance with the values provided in Table C.1bis.
Table C.1bis — Additional allowable errors for HTJ2K TCSs belonging to derived\set 0
Reference Component 0 Component 1 Component-2 Component 3
TCS Bmacs Depth
Peak MSE Peak MSE Peak MSE Peak MISE
ds0] ht_01_b11.j2k 11 8 0 0
ds0] ht_02_b11.j2k 11 8 1 0.001
ds0| ht_02_b12.j2k 12 8 0 0
ds0] ht_03_b11.j2k 11 4 17 0.15
ds0] ht_03_b14.j2k 14 4 0 0
ds0| ht_04_b11.j2k 11 8 2 01 2 0.1 2 0.1
ds0| ht_04 b12.j2k 12 8 0 0 0 0 0 0
ds0] ht_05_b11.j2k 11 8 0 0 1 0.001 1 0.001 2 0.001
ds0| ht_05_b12.j2k 12 8 0 0 0 0 0 0 0 D
dsO| ht_06_b11.j2k 11 12 2500 75000 0 0 0 0 200 2000
ds0| ht_06_b15.j2k 15 12 0 0 0 0 0 0 12 10.0
ds0| ht_06_b18.j2k 18 12 0 0 0 0 0 0 0 D
ds0| hm_06_b11.j2k 11 12 0 0 0 0 0 0 200 2000
ds0] hm_06_b18.j2k 18 12 0 0 0 0 0 0 0 D
ds0| ht_07_b11.j2k 11 12 40 25.0 40 25.0 50 25.0
ds0| ht_07_b15.j2k 15 12 2 0.075 2 0.05 2 0.075
dsof ht_07_b16.j2k 16 12 0 0 0 0 0 0
ds0| ht_08_b11.j2k 11 12 40 45.0 40 30.0 40 45.0
ds0] ht_08_b15.j2k 15 12 0 0 0.001 0
dsof ht_08_b16.j2k 16 12 0 0 0 0
ds0| ht_09_b11.j2k 11 8 0 0
ds0] ht_10_hahjzk 11 8 0 0 0 0 0 0
ds0| ht 41 \610.j2k 10 8 0 0
ds0| Ht22_b11.j2k 11 8 0 0
ds0_ht_13_b11.j2k 11 8 0 0 0 0
dsO_ht_14 b11.j2k 11 8 0 0
ds0_ht_15 b11.j2k 11 4 17 0.15
ds0_ht_15_b14.j2k 14 4 0 0
ds0_hm_15_b8.j2k 8 4 0 0
ds0_ht 16_b11.j2k 11 8 0 0

NOTE — When applied to the tolerances in Table C.1, the additional peak errors are scaled by 2°~Pref and rounded up, while the
additional MSE values are scaled by 4P~Pref, where D is the bit-depth in Table C.1 and Drer is the reference depth in this table.
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C.2.1.4 J2K test codestream descriptions (informative)

Table C.2 describes the features being tested by the Profile-0 codestreams, while Table C.2bis describes the features
being tested by the derived set 0 HTJ2K codestreams. This information is provided solely to help correction of non-
compliant decoders when accuracy is not guaranteed.

Table C.2 — Items tested by Profile-0 codestreams

Codestream Tests
1 5-3 wavelet, 64 x 64 code-blocks, MQ-coder, context model
2 Component subsampling, multiple layers, termination every coding pass, predictable termination,

segmentation symbols, COD, quantization default (QCD), EPH, SOP, and 0xFF30 marker segments,
32 x 32 code-blocks

3 Multiple tiles, signed data, 4-bit/component data, quantization component (QCC), POC, componen
registration (CRG), TLM, and RGN marker segments

4 Multiple components, termination every coding pass, 9-7 wavelet, precinct sizes in CODxirreversiljle
component transform, scalar expound quantization

5 Different subsampling for different components, different wavelet filters and parameters for differept
components

6 12-bit component samples, RGN in main and tile

7 Large number of tiles

8 Large image

9 9-7 wavelet transform overflow

10 Image source is pseudo-random, subsampling by 4, 0 guard-Rits, reversible colour transform, tile-parts

11 1 sample high image, 0 decomposition level test, segmentation symbols

12 Special wavelet transform cases

13 Large number of components

14 5-3 wavelet transform saturation

15 RGN, POC, Signed, QCC, comment (COM)

16 Empty packet header bit

Table C.2bis — Items tested by derived set 0 HTJ2K codestreams

Jodestream BSET Tests

1 5-3 wavelet, 64 x 64 code-blocks

2 Componentsubsampling, COD, QCD, EPH, SOP, 32 x 32 code-blocks, multiple layers with
placeholder passes

3 Multiple-tiles, signed data, 4-bit/component data, QCC, POC, CRG, TLM, and RGN marker segments,
multiple layers with placeholder passes. HTJ2K features: HETEROGENEOUS and RGN

4 Multiple components, 9-7 wavelet, precinct sizes in COD, irreversible component transform, scalar
expound quantization, multiple layers with placeholder passes

5 Different subsampling for different components, different wavelet filters and parameters for differept
components, multiple layers with placeholder passes

6 12-bit component samples, RGN in main and tile headers, multiple layers with placeholder passes.
HTJ2K features: HETEROGENEOUS, RGN and MIXED

7 Large number of tiles, POC, multiple layers with placeholder passes. HTJ2K features:
HETEROGENEQOUS

Large image, multiple layers with placeholder passes.
9-7 wavelet transform overflow

10 Image source is pseudo-random, subsampling by 4, 0 guard bits, reversible colour transform, tile-parts,
multiple layers with placeholder passes

11 1 sample high image, 0 decomposition level test

12 Special wavelet transform cases

13 Large number of components. HTJ2K features: RGN

14 5-3 wavelet transform saturation

15 RGN, POC, Signed, QCC, COM, multiple layers with placeholder passes. HTJ2K features:

HETEROGENEOUS, RGN and MIXED

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.803 (06/2021) 25


https://standardsiso.com/api/?name=f5feb6fc3fa94aa4d111624c27f3c580

ISO/IEC 15444-4:2021 (E)

The directory descriptions_profile0 contains information about every J2K test codestream. The information
is of the type shown in Table C.3. Similarly, the directory descriptions_htj2k profileO contains

information about every HTJ2K test codestream.

Table C.3 — Profile-0 codestream 0 contents

Offset Item Value

0 SOC (start of codestream)

2 SIZ (Image and tile size)
Required Capabilities JPEG 2000 Profile-0
Reference Grid Size 128 x 128
Tmage Offset 0x0
Reference Tile Size 128 x 128
Reference Tile Offset 0x0
Components 1
Component #0 Depth 8
Component #0 Signed no
Component #0 Sample Separation 1x1

45 QCD (Quantization default)
Quantization Type None
Guard Bits 2
Exponent #0 8
Exponent #1 9
Exponent #2 9
Exponent #3 10
Exponent #4 9
Exponent #5 9
Exponent #6 10
Exponent #7 9
Exponent #8 9
Exponent #9 10

60 COD (Coding style-default)
Default precinCts of 215 x 215 Yes
SOP marker'segments No
EPH marker segments No
AllFlags 00000000
Progression Order Resolution level-layer-component-position
Layers 1
Multiple Component Transformation None
Decomposition Levels 3
Code-block size 64 x 64
Selective Arithmetic Coding Bypass No
Reset Context Probabilities No
Termination on Each Coding Pass No
Vertically Causal Context No
Predictable Termination No
Segmentation Symbols No
Wavelet Transformation 5-3 reversible

74 SOT (start of tile-part)
Tile 0
Length 7314
Index 0
Tile-Parts 1

7388 EOC (End of codestream)
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C.2.2 Class 0 Profile-1

C.2.2.1 Codestreams

The J2K test codestreams for this ETS are in the directory codestreams_profilel. The codestream names have
the form p1_#4#. j2k, where ## is the codestream number. In addition to passing the test for all these codestreams, a
decoder shall also pass the Class 0 Profile-0 test to pass the Class 0 Profile-1 test.

The derived HTJ2K BSETs for this ETS are in the directory htj2k bsets_profilel. The BSETs in this directory
have names of the form p1_##_bset, where ## is the J2K codestream number. Each BSET is a directory, containing
codestreams with names of the form dsl_ht ##_b$.3j2k or dsl_hm ## b$.j2k, where ## is the J2K
codestream number and $ is the Bygp value. Names of the first form are used for HTJ2K codestreams that are
HTONLY, in which case the codestream belongs to derived set DS1-HT; otherwise, the second form of the name is
used|and the codestream belongs to derived set DS1-HM.

C.2.2.2 Reference decoded images

The feference decoded images for this ETS are in the directory reference_class0_profilel. Thefilenamgs are
of the form cOpl_## [rN] . pgx, Where ## is the codestream number, N is the number of inversezwavelet transfprms
that have been skipped in the decoding of the codestream.

The $ame reference decoded images are used when testing both HTJ2K and J2K decoders.

C.2.2.3 Tolerances

The maximum allowable MSE and peak errors are listed in Table C.4, along withsthe size of the reference degoded
images. These values are used when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K decpder,
the allowable MSE and peak errors may be increased, depending on the MyacaJimit claimed by the IUT, in accordance
with|the values provided in Table C.4bis.

Table C.4 — Class 0 Profile-1 reference images and allowable errors

TCS Reference file Resolut_lon Depth Width Height Peak MSE
reduction
p1_01.j2k c0p1_01.pgx 0 8 61 99 0 0
pl1_02.j2k cOpl_02.pgx 3 8 80 60 35 74.0
p1_03.j2k cOp1_03.pgx 3 8 128 128 28 18.8
. cOp1_04r0.pgx 0 8 128 128 2 0.550
p1_04.j2k
cOp1_04r3.pgx 3 8 128 128 128 2042
p3_05.j2k cOpl_05.pgx 4 8 32 32 128 16384
p1_06.j2k cOp1_06.pgx 1 8 6 128 16384
p1_07.j2k c0p1_07.pgx 0 8 12 0 0

Table C.4bis— Additional allowable errors for HTJ2K TCSs belonging to derived set 1

Tes Bunce Reference Component 0 Component 1 Component 2 Component 3
depth Peak | MSE | Peak | MSE | Peak | MSE | Peak | MBE

ds1| ht_01\BTL j2k 11 8 1 | o000t
ds1| HE-01 b12j2k 12 8 0 0
ds1 ht 02 biljok 11 8 2 0.1 2 01 2 01
dsl_ht_02_b12.j2k 12 8 0 0 0 0 0 0
dsl_ht 03 b1lj2k 11 8 0 0 1 0.03 2 005 | 2 | 000l
ds1_ht 03_b12.j2k 12 8 0 0 0 0 0 0 0 0
dsL_ht_04_b9,j2k 9 8 0 0
dsl_ht 05_b1lj2k 11 8 0 0 0 0 0
ds1_ht 06_bllj2k 11 8 0 0 0 0 0
dsl_ht 07 bllj2k 11 8 0 0 0 0

NOTE — When applied to the tolerances in Table C.6, the additional peak errors are scaled by 2°~Pref and rounded up, while the additional MSE
values are scaled by 4°~Pref, where D is the bit-depth in Table C.6 and Dy is the reference depth in this table.
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C.2.2.4 Additional information

Table C.5 describes the key features being tested by the Profile-1 codestreams, while Table C.5bis describes the
features being tested by the derived set 0 HTJ2K codestreams. This information is provided solely to help correction of

non-

compliant decoders when accuracy is not guaranteed.

Table C.5 — Items tested by Profile-1 codestreams

Codestream # Tests
1 Image offsets, tile offsets
2 Reset context probabilities, vertically causal contexts, precinct sizes, packed packet headers,

tile-part header (PPT) marker segment

3 Packed packet headers, main header (PPM) marker segment

4 QCD marker segment in tile header

5 Odd-sized tile, non-square code-block size, multiple PPM marker segments

6 Small tile size

7 Small precincts, packet inclusion

Table C.5bis — Items tested by derived set 1 HTJ2K codestreams
Codestream BSET Tests

1 Image offsets, tile offsets, multiple layers with placehelder passes

2 Reset context probabilities, vertically causal contexts, precinct sizes, PPT marker segment
multiple layers with placeholder passes

3 PPM marker segment, multiple layers with)placeholder passes

4 QCD marker segment in tile header. HTJ2K features: HETEROGENEOUS

5 Odd-sized tile, non-square code-block Size, multiple PPM marker segments, multiple layers
with placeholder passes
Small tile size
Small precincts
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.1 Codestreams

2K test codestreams for this ETS are’in the directory codestreams_profile0. There are 16 codestrg
names of the form pO_## . j2k,Where ## is the codestream number. These are the same test codestreams 3
bs 0 Profile-0, but they shall be.decoded to higher quality.

Herived HTJ2K BSETSs forthis ETS are in the directory htj2k bsets_profile0. There are 16 BSETSs,
s of the form p0_## bset, where ## is the J2K codestream number. Each BSET is a directory, conta
streams with nameS) of the form dsO_ht ## b$.j2k or dsO_hm ## b$.j2k, where ## is the
Stream numberyand $ is the Byacg value. Names of the first form are used for HTJ2K codestreams tha
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and the codestream belongs to derived set DSO-HM.
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of the form cOpO_## [rN]-C.pgx, where ## is the codestream number, and N is the number of inverse wavelet
transforms that have been skipped in the decoding of the codestream, and C is the component number. A decoder shall
produce all components listed, it may produce more.

The same reference decoded images are used when testing both HTJ2K and J2K decoders.

C.2.3.3 Tolerances

The maximum allowable MSE and peak errors are listed in Table C.6, along with the size of the reference decoded
images.
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Table C.6 — Class 1 Profile-0 reference files and maximum error

TCS F;ielzi]r;rr:]cee Tg(sﬂéﬁfr? Signed Depth Width Height Peak MSE
p0_01.j2k ¢1p0_01-0.pgx 0 + 8 128 128 0 0
p0_02.j2k ¢1p0_02-0.pgx 0 + 8 64 126 0 0
p0_03.j2k | clp0_03-0.pgx 0 - 4 256 256 0 0
p0_04.j2k | clp0_04-0.pgx 0 + 8 640 480 5 0.776

¢1p0_04-1.pgx 0 + 8 640 480 4 0.626
c1p0_04-2.pgx 0 + 8 640 480 6 1.070
p0_05.j2k | clp0_05-0.pgx 0 + 8 1024 1024 2 0.302
¢1p0_05-1.pgx 0 + 8 1024 1024 2 0.307
¢1p0_05-2.pgx 0 + 8 512 512 2 0.269
¢1p0_05-3.pgx 0 + 8 512 512 0 0
pd 06.j2k | clp0_06-0.pgx 0 + 12 513 129 635 112B7
c1p0_06-1.pgx 0 + 12 257 129 403 6144
¢1p0_06-2.pgx 0 + 12 513 65 378 3948
¢1p0_06-3.pgx 0 + 12 257 65 0 0
pd 07.j2k | clp0_07-0.pgx 0 - 12 2048 2048 0 0
¢1p0_07-1.pgx 0 - 12 2048 2048 0 0
¢1p0_07-2.pgx 0 - 12 2048 2048 0 0
pd 08.j2k | clp0_08-0.pgx 1 - 12 257 1536 0 0
¢1p0_08-1.pgx 1 - 12 257 1536 0 0
¢1p0_08-2.pgx 1 - 12 257 1536 0 0
pd_09.j2k ¢1p0_09-0.pgx 0 + 8 17 37 0 0
pd_10.j2k ¢1p0_10-0.pgx 0 + 8 64 64 0 0
¢1p0_10-1.pgx 0 + 8 64 64 0 0
c1p0_10-2.pgx 0 + 8 64 64 0 0
pd 11.j2k ¢1p0_11-0.pgx 0 + 8 128 1 0 0
pd _12.j2k c1p0_12-0.pgx 0 + 8 3 5 0 0
pd 13.j2k ¢1p0_13-0.pgx 0 + 8 1 1 0 0
c1p0_13-1.pgx 0 + 8 1 1 0 0
c1p0_13-2.pgx 0 + 8 1 1 0 0
c1p0_13-3.pgx 0 + 8 1 1 0 0
pd 14.j2k ¢1p0_14-0.pgx 0 + 8 49 149 0 0
c1p0_14-1.pgx 0 + 8 49 49 0 0
c1p0_14-2.pgx 0 + 8 49 49 0 0
pd_15.j2k c1p0_15-0:pgx 0 - 4 256 256 0 0
pd 16.j2k | c1p0/16-0.pgx 0 + 8 128 128 0 0
These values arefused when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K decode, the
allowable MSE. and peak errors may be increased, depending on the Muags limit claimed by the IUT, in accordance
with|the values provided in Table C.2.
C.2.4 &+ Class 1 Profile-1

C.2.4.1 Codestreams

The J2K test codestreams for this ETS are in the directory codestreams_profilel. The codestream names have
the form p1_## . 32k, where ## is the codestream number. In addition to passing the test for all these codestreams, a
decoder shall also pass the Class 1 Profile-0 test to pass the Class 1 Profile-1 test.

The derived HTJ2K BSETs for this ETS are in the directory htj2k_bsets_profilel. The BSETs in this directory
have names of the form p1_##_ bset, where ## is the J2K codestream number. Each BSET is a directory, containing
codestreams with names of the form dsl_ht_ ##_b$.3j2k or dsl_hm ## b$.j2k, where ## is the J2K
codestream number and $ is the By,gg value. Names of the first form are used for HTJ2K codestreams that are
HTONLY, in which case the codestream belongs to derived set DS1-HT; otherwise, the second form of the name is
used and the codestream belongs to derived set DS1-HM.
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C.2.4.2 Reference decoded images

The reference decoded images for this ETS are in the directory reference_classl_profilel. The filenames are
of the form clpl_##[rN]-C.pgx, where ## is the codestream number, and N is the number of inverse wavelet
transforms that have been skipped in the decoding of the codestream, and C is the component number. A decoder shall
produce all components listed.

The same reference decoded images are used when testing both HTJ2K and J2K decoders.

C.2.4.3 Tolerances

The maximum allowable MSE and peak errors are listed in Table C.7, along with the size of the reference decoded
images. These values are used when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K decoder,

the allowable MSE and peak errors-mav-be increased.-depending-on-the Myiaes-limit-claimed by the IUT _in-accordance
g >4 T g T =4 P4 T

withlthe values provided in Table C.7.

Table C.7 — Class 1 Profile-1 reference images and allowable error

TCS Reference Resolution Depth Width Height peak MSE
p1 01.j2k clpl 01-0.pgx 0 8 61 99 0 0
p1 02.j2k clpl 02-0.pgx 0 8 640 48Q 5 0.76p

clpl_02-1.pgx 0 8 640 480 4 0.61p
clpl_02-2.pgx 0 8 640 480 6 1.05[L
p1 03.j2k clpl 03-0.pgx 0 8 1024 1024 2 0.30p
clpl 03-1.pgx 0 8 1024 1024 2 0.21p
clpl_03-2.pgx 0 8 512 512 1 0.20p
clpl_03-3.pgx 0 8 512 512 0 0
p1 04.j2k clpl_04-0.pgx 0 12 1024 1024 624 308(
p1 _05.j2k clpl_05-0.pgx 0 8 512 512 40 8.45B
clpl_05-1.pgx 0 8 512 512 40 9.71p
clpl_05-2.pgx 0 8 512 512 40 10.134
p1 _06.j2k clpl_06-0.pgx 0 8 12 12 2 0.60p
clpl 06-1.pgx 0 8 12 12 2 0.60p
clpl_06-2.pgx 0 8 12 12 2 0.60p
pl 07.j2k clpl_07-0.pgx 0 8 12 0 0
clpl_07-1.pgx 0 8 12 0 0
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Annex D

Encoder compliance test procedure

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex defines testing compliance of an encoder. A J2K encoder may produce any subset of Rec. ITU-T T.800 |
ISO/IEC 15444-1, but whatever it does produce shall be a conforming JPEG 2000 codestream. Similarly, an HTJ2K
encoder may produce any codestream that conforms to Rec. ITU-T T.814 | ISO/IEC 15444-15.

D.1

It is
man

suppbrt the concepts in this subclause. It is impossible to define tests for every encoder variation. Therefaore; it is |
the User to define the tests that are appropriate for a given implementation. This subclause gives guidance based o
abstract test procedures, the compliance statement, and the procedures below.

D.2
The

ITU{T T.804 | ISO/IEC 15444-5. The reference decoder has been developed by. the ISO/IEC JTC 1/SC 29/W
committee for the purpose of guidance for implementers and data providers. The reference decoder should be af

deco

D.3

It is
shall
the r
This
in s
legal
errof

D.4
Figu

General

modes and capabilities are desirable for many applications. The ATSs, as described in Annex C;jare us

Reference decoder

reference decoder is used for the evaluation of compliance of an encoder. The reference decoder is defined in

He all encoder developed codestreams that fall within reasonable limits of gheoder applications.

Compliance requirement and acceptance

hot a requirement for an encoder to produce any specific codestream. However, any codestream that is prod
be a legal JPEG 2000 codestream. A reasonable way that this can be verified is by decoding the codestream
eference decoder.

test procedure is adequate for many but not all possible’ encoder implementations. The reference decoder is lif
me parameters (such as the number of componetts’and component bit-depth) and may not support all pog
codestreams. On the other hand, the reference~decoder may be sufficiently resilient to ignore codestream sy
5 in some cases.

Encoding compliance test procedure

e D.1 shows the flow for the entoder compliance test. The steps for this compliance test are as follows.

a) Select a test image sthat represents the type of imagery that the encoder is designed to compress.
reference decaded-images provided for decoder compliance tests are acceptable but not required.

b) Encode withthe encoder under test.
¢) Send the'codestream to the reference decoder.
d) An-encoder is found to be compliant if the reference decoder can fully decode the image.

e) ~Repeat steps a) to d) for all parameters for which the encoder is designed. These parameters (tile
number of decomposition levels, bitrates, etc.) should be varied to the extent to which the encoder w
used.

not a requirement to implement or support all possible encoding modes or capabilities of JPEG 2000, Howgver,

bd to
bft to
h the

Rec.
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sible
/ntax

The

size,
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size,

large image size, odd image sizes, number of components, components depths, component sampling) the

encoder is designed to compress.

If the codestream output by the encoder is embedded within other file formats, it is the responsibility of the tester to
strip away any preceding and trailing file information before sending the encoded codestream to the reference decoder.
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I1: BEGIN D1: Tested all images?
I1P: Test image D2: Tested all compression parameters?
IB: Campressed codestream D3: Did decoder parse codestream without errors?
I4:(Reconstructed image D4: Is reconstructed image acceptable?

—Sefecttestimage

S2: Encode image (encoder under compliance test)
S3: Modify compression parameters

S4: Expand image (reference decoder)

S5: Encoder passed this compliance test

Figure D.1 — Encoder compliance test block diagram

It is up to the implementer to establish requirements for accepting a reconstructed image. For example, a lossless
encoder would be expected to produce a reconstructed image identical to the test image. Requirements for a lossy

Ri—Emcoder faitedcomptiamce
R2: Encoder passes compliance test procedure

encoder might include obtaining peak error or MSE values in a specified range or similar evaluation.
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