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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are de

inthel
docum

scribed

bnt should be noted.

ISO and IEC draw attention to the possibility that the implementation of this document may involve th

(a) pat
patent
notice

rights in respect thereof. As of the date of publication of this document, ISO and1EC had not r

cautiorled that this may not represent the latest information, which may be obtained from the patent d

availablle at www.iso.org/patents and https://patents.iec.ch. ISO and IEC shall'not be held respons

identifying any or all such patent rights.

Any tr
constit

For an
related

ite an endorsement.

explanation of the voluntary nature of standards, the meaning of ISO specific terms and expr

50/1EC Directives, Part 1. In particular, the different approval criteria needed for the differentfypes of

b use of

ent(s). [ISO and IEC take no position concerning the evidence, validity or applicability of any ¢laimed

bceived

of (a) patent(s) which may be required to implement this document. However, implementers are

htabase
ble for

ide name used in this document is information given for thé)convenience of users and d¢es not

pssions

to conformity assessment, as well as information~about ISO's adherence to the World| Trade

Organization (WTO) principles in the Technical BarriersteTrade (TBT) see www.iso.org/iso/forewoid.html.

In the |

[EC, see www.iec.ch/understanding-standards.

This ddcument was prepared by ITU-T (as ITU-T Rec T.803) and drafted in accordance with its editorigl rules,
in collaboration with Joint Technical CommittéeISO/IEC JTC 1, Information technology, Subcommitte¢ SC 29,

Coding

This fo

of audio, picture, multimedia and hypermedia information.

The mdin changes are as follows:

— thd maximum allowable errors associated with compliance Class 1, for both Rec. ITU-T T.800 | I

15
en

should be able'to pass all compliance tests for Class 1;

— tw

h additional test codestreams have been added along with conformance bounds, to facilitate te

inverse wavelet and component decorrelating transform accuracy;

irth edition cancels and replaces the third edition (ISO/IEC 15444-4:2021), which has been technically
revised.

50/1EC

144-1 and Ret. JTU-T T.814 | ISO/IEC 15444-15 codestreams, have been relaxed in a few dases to
ure that welldesigned 16-bit fixed-point implementations of the inverse discrete wavelet transform

sting of

— anumber of codestreams and files conforming to Rec. ITU-T T.801 | ISO/IEC 15444-2 have been included
for informative purposes only, to facilitate the development of decoders and file format readers that are
able to support features beyond the core capabilities found in Rec. ITU-T T.800 | ISO/IEC 15444-1 and
Rec. ITU-T T.814 | ISO/IEC 15444-15.

Alist of all parts in the ISO/IEC 15444 series can be found on the ISO and IEC websites.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees.

© ISO/IEC 2024 - All rights reserved

iv


https://www.iso.org/members.html
https://www.iec.ch/national-committees
https://www.iec.ch/national-committees
https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

ISO/IEC 15444-4:2024(en)

CONTENTS
Page
1 Rl olo] o1 TP UPRUPTUPPR 1
2 RETEIEICES ...ttt bbb bbbt bbbt oAbt e h e bt bt b b e b e e E bbbt nenn e ne e 1
3 (D) 1] T ] LT PR TR RPRO 1
4 ADbbreviations and SYMDOIS ... e nrers 4
O R AN o] o] (AT Vo] OO OO OSSOSO 4
4.2 SYMBOIS....ciiiee et bbbttt Re bt r et st e e 5
L0001 o1 1] OSSR 6
GEME T UESCPOTT . s 6
6.1  Profiles, derived sets and complianCe ClaSSES .........ccevveiririeiriinireeeee e ) 7
LT B 1= Tolo o L £ PO SOURUURTRPRPRRRRP - I 8
6.3 ENCOders and COUESIIBAMS ........cueiuiriirierieitisieeiierie e ste st st sie s eseeseesteseestesnesseeseeseesteseessesseenees b feeneens 8
6.4  Implementation compliance STAtEMENT ...........cooiriiiiiieiree e e 8
6.5  ADSACE tESE SUITES...e.viviitiitiieiirie ettt et e et nre e 8
6.6  Encoder compliance testing ProCEAUIE..........c.coveiieieeiesie e see e e e ere e e e e B et 9
6.7  Decoder compliance testing ProCeAUre ..........cccvevveveeiesiesieesee e e see e s e b 9
6.8  Procedures for testing file format readers ..........cccevviiinie i e e 9
6.9  Additional test codestreams and filesS.........ccocoveieneniinniniii e e 9
7 (O10]0)Y/ 1 T | 1 S 9
8 Compliance files availability and UPAAES ..ot S 9
Anngx A Decoder COmMPlIanCe CIASSES ..........voviiriiiiriiirerere e et 10
A1  Compliance class parameter definitioNS..........covieiiieine e e 10
A.L1  Profile: cOdeStream QUArANTEES. .......cveverie e et teeeeeeeeiesieseestesreeseereeeeseeseessessesseesesnseseeseeses 10
AL2  H, W, C: IMAaQe SIZ& QUAIANTEES. .....ecuvereeryiee ertisieetieieiesieseeseesreeseeseeeeseeseestesteeseeseeneeseeseeneas 10
A. 1.3 Neb: Code-block parsing QUArantee..... v e e e eeesee e e e ste et e e e e e teeae e 11
A.14  Ncomp: COMPONENT PArSING GUAIANTERN ... 7 c.ee ittt sttt st sre s 11
A.15  Lpody: Coded data buffering QUAKAITTER .........ccoiiriiiiieiee e 11
A.1.6  M: Decoded bit-plane QUarantel.........cccooeiiiiieiieieee e 12
N A S B I o] = To R o gl U= U L] (=T USRI 12
A.18  B:5-3R PreCiSion QUAIANTER ........ccceiiiieieie ettt sttt sttt nes 12
AL9 T Transform leVel QUAIENTEE .........ciiiiiiieee e 12
ALLL0 L LAY O QUAIANTEE. St it etee st ste ettt e ste e bt te e st e sreesteesteesteeeeeneeaseesaeesaeesteeteeneeanees 12
ALLLL PrOGIESSIONS ... ittt ettt ettt ettt b et b b b s bt b stk b et b bbb bbb bbb 12
O 1= o U £ SRS 12
O T =T o] 1 Tod i SRRSO 13
A.1.14 MmaceMagnitude bOUNT QUAIANTEE ..........coiiiiiiiecree e 13
A2  Compliance G1ass AefiNItiONS.........cceiiiiiiciice bbbt sre e 13
A.3  Lo0sslessentoding and ABCOUING ......ueiveiieeiieeie ettt et re et e ta e beeste e e e aeaneas 14
Anngx B Decoder€ompliance teSting PrOCEAUIES .........cviiiiiie ettt ete et e st te et e e s e e e steeaeensesssesraenreens 15
Bl GRIETAL ...t h bbbttt bbb bbb e e e nae e e 15
A [l ot o T g TS o] (0ol =T LU - USSR 15
B.2.1  FilES TOF tESTING. .. e te ittt bbb bt 16
B.2.2  DECOUEE SELLINGS .. everveteite ettt sttt sttt b et b e bbb b et b e bbbttt b 16
B-2.3— Outputfileformat COAVBFSIBA—rrrrrrrrrrrrrrrrrrrrerrrrrrrrerr e 16
B.2.4  Compare decoded and formatted components with reference components ...........cccccevveeee. 18
B.2.5 Compare error metrics With SPeCIfiCation .........cccvviveieririiie i 18
B.2.6  Reference components file fOrmat ..........ccocviiiviiiiicic e 18
ANNEX C COMPIIANCE TESES. ...ttt ettt ettt bttt e bt bbbt e st e e e eb e ke s bt e b e e b e eme e s e e eb e besbeebesbeeneeneenbe e e 20
C.1  Abstract test suite (INFOrMALIVE) .......c.oouiiiiiiiii e e 20
C.1.1  Syntax and compresSed data OFAEN ..........cooeiiiiiieieiere et 20
C.1.2  Arithmetic entropy ENCOUING .. ..cuiiiieriiiiie ettt et 20
C.1.3  Coefficient bit MOGEITING .....c.oiiiiiiie e 21
O @ TUT: T | (2 4 o] PSSRSO 21
C.1.5 Discrete Wavelet transformM.........couooieieiiririe e 21
C.1.6  DC level shift and multiple component transform .........cccccoevviveiieienerie s 21
Rec. ITU-T T.803 (V3) (02/2024) v

© ISO/IEC 2024 - All rights reserved


https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

ISO/IEC 15444-4:2024(en)

C.1.7  ReQION OF INTEIES......eiiiiei ittt bbb et bbbttt ee b b e 21

C.1.8  JP2 FIlE FOIMAL ...ttt et b e bt b e et ae b b e 21

C.1.9  High throughput cleanup pass COAING ........ccireiiiiriiiirieiee et 22

C.1.10  HT refinement Pass COUING ......cuiireiiiieiitiiieieie ettt et sne e 22

C.1.11  PlaCeNOIUB PASSES. .. cueitieeiietiieeieete sttt sttt sttt ettt eb e et b bbbt eb e b e bbb e bt b e enenne e 22

C.1.12 Mixing of HT and J2K code-blocks within HTJ2K codestreams............ccocevevvveiveirervennnnenns 22

C.1.13  JPH Rl FOIMAL ..oeveieiiiicese e 22

C.2  EXECULADIE TESE SUIE .....veviveiiieeteisi ettt 22

C.2.1  ClaSS O Profile-0...cccciiieciiiee e 23

C.2.2  ClaSS O Profile-L. ..ot 27

C.2.3  ClaSS L PrOfile-0...cccuciiieciiiiee e 28

C.2.4  ClaSS L Profile-L......cee ettt sttt st sb et ee e e e 30

(O I O - S o | o o (o) 1 [0 PO 30

Anngx D Encoder complianCe teSt PrOCEUUIE ..........eiviirieieirieieert et sn e Pt 32

[ 20 © =10 1= - | OO P R URO PRSP UUTPTPTURURPRRUIY S0 Pt 32

D.2  REFEIENCE UBCOUB ....c.eieiitiiieeiieie ettt sttt s a ettt e eesee st sbesbe e e e s e et e 32

D.3  Compliance requirement and aCCEPLANCE .......cveververierereiieieresie e e e e see e ¥t 32

D.4  Encoding complianCe teSt PrOCEAUIE.........viieierieereneseeieeeenie e e e s b e eesee e e 32

Anngx E Decoder implementation complianCe StateMENT ...........cccoviiiiie it 34

Bl GENEIAL ..o e Tt 34

E.2  Decoder implementation compliance StatemMeNnt...........cccveiieiieiiiie st e et 34

I T b (=] o [=T0 BTN o] o USSR oot~ USSR 34

Anngx F Encoder implementation compliance StateMENT...........coiieieiie i et e e e sre e e e enaeens 37

FoL o GRNEIAL ...l e 37

F.2  ENCOUEr dESCIIPIION......ciiiieiiiitiiieiciirieeic ettt bbbt 37

Anngx G JP2 and JPH file format reader compliance testing proCedures.:..........cccoouviiiiiiiiiiini e 39

LT R €= 1< | 30 USRS 39

G.2  JP2file compliance requirement and aCCEPTANCE il . iiiiriiiiiiiirerier e 39

G.3 Reading a JP2 file compliance teSt ProCRAUIE ¢ .. i 39

G.4  JP2file format test codestreams and IMAJES, . ....oirirrrireieire et 40

LR N =11 1 S SRS 40

G.4.2 Reference decoded IMagES i) . i ettt se et sre e sae et e esreesreenreens 40

G.4.3  TOIEIANCES ..o Sttt r et r e 40

G.4.4  Additional informatioinregarding the JP2 teSt filleS........cevvvevveieiie i 41

G.5  JPH file format test codestreams and IMAQES .........ccveiiriieiiieiiee e sreesre s 42

G5 1 TSt IIES e e 42

G.5.2 Relationship-between the JP2 and JPH test fileS ... 42

Anngx H Test codestreams and filés conforming to Rec. ITU-T T.801 | ISO/IEC 15444-2 .........cccooevvvvniniiinennn. 43

L T -1 o= - | ST 43

H.2  EXtended 1€ST-COUESIIEAMS .......cuieieie et ie ettt ee et te et e e st e ae st e ntesaeeteeneeneeseenaeneenes 43

L IO N 1o G (11 1 SR 44

BIDIIOGIAPNY ... et b b bR bR e R e bbb bt b et b e 45
Electronic attachment: Codestreams used in the application of the procedures described in this Specification.

List of Tables

Page

Table 1 — HTJ2K derived sets employed in this Recommendation | International Standard.............ccccorviiiiinenne. 8

Table A.1 — Definitions of compliance classes (Cclass) for J2K deCOUEIS..........ccoiiiiriieiieiieie e 13

Table A.2 — Definitions of derived compliance classes (Cclass) for HTJ2K decoders .........ccooevirineiininncnenene, 13

Table A.3 — Definitions of HiFi COMPIENCE CIASSES .......cceiiiiiiiiirieiciireere s 14

Table C.1 — Class 0 Profile-0 reference images and allowable €rTors ..........ccvvrviiiriininee s 23

Table C.1bis — Additional allowable errors for HTJ2K TCSs belonging to derived Set 0.........cccoceveveiiniicieienienne. 24

Table C.2 — Items tested by Profile-0 COUBSIIBAMS..........oiiiiiieieie ittt 24

Table C.2bis — Items tested by derived set 0 HTJ2K COUESIIEAMS ........cceiiiiiiiiiiiiesiereeeeee e 25

vi Rec. ITU-T T.803 (V3) (02/2024)

© ISO/IEC 2024 - All rights reserved


https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

ISO/IEC 15444-4:2024(en)

Table C.3 — Profile-0 codestream 0 CONTENTS ..........ooiiiiiiiiieie ettt e bbb e bbb e 26
Table C.4 — Class 0 Profile-1 reference images and allowable errors ... 27
Table C.4bis — Additional allowable errors for HTJ2K TCSs belonging to derived set L.........coceovviniineneincnnenn, 27
Table C.5 — Items tested by Profile-1 COUBSIIBAMS.........cccviieieere ettt re e see e 28
Table C.5his — Items tested by derived set 1 HTJ2K COUESIIEAMS ........ccvevreiiriiiiiesirse et 28
Table C.6 — Class 1 Profile-0 reference files and maXimum €ITOF.........cccovriiriniiineneise s 29
Table C.7 — Class 1 Profile-1 reference images and allowable rror ..o 30
Table C.8 — Class 1HF Profile 1 reference images and allowable error ... 31
Table E.1 — ICS for defined Cclasses, profiles and derived SETS...........ccuviiiriieineeisiees s 34
Table E.2 — Extended capabilities fOr CClass 0........ccciiviiiieiiieieieie sttt seenre e 35
Table E.3 — Extended capabilities fOr CCIass L........ccciiviiiieiiieieieie e e e s sne e e e e o e 35
Table E.4 — Extended capabilities fOr CCIass 2.......cccviviiiieiiieieicie e sre e sne e e e Cannees 35
Tablp E.5 — Extended capabilities for derived CClass ON...........ccociiiiiniiiiiieeeseecseee e s 36
Tablp E.6 — Extended capabilities for derived Cclass 1h........ccoceoiiiiiininiinieeeee g 36
Tablp E.7 — Extended capabilities for derived CClass 2N ..o s 36
Tablg F.1 — Encoder implementation MAarker USAQE .......c.cccveiverrereeiesieseeseesee e envesne s o nrsenseassessaesneesseessesnseanns 37
Tablg G.1 — JP2 reference images and allowable error...........ccoovvevveiiiieiieiie e o e 41
Tablg H.1 — Properties of each extended COAESIIEAM .........c.ocviiieiieiiiie e Seadr et 43
Tablp H.2 — Properties of each JPX teSt file .......cccovveiiiniiiiiiecnie e b s 44
List of Figures
Figufe B.1 — Decoder compliance test FIOW Chart............ccooiei e eerienieiieesee e 15
Figufe D.1 — Encoder compliance test DIOCK Iagram ... e 33
Figure G.1 — JP2 file format reader compliance test blocKZ@iagram............cccceveiiiiiiiecicicic e 40
Rec. ITU-T T.803 (V3) (02/2024) vii

© ISO/IEC 2024 - All rights reserved


https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

© ISO/IEC 2024 - All rights reserved



https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

ISO/IEC 15444-4:2024(en)

INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology — JPEG 2000 image coding system:
Conformance testing

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

com
This

This

AccH
user
of te
user

Performance testing: measures the performance characteristics of.an implementation under test (IUT) such &

throd

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

2

The
cons
werg
Recd
of th
Inter
ITUA

3

pliance testing.

Recommendation | International Standard:

—  specifies compliance testing procedures for encoding and decoding using Rec. KTU-T T.8
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

Recommendation | International Standard does not include the following tests:

ptance testing: the process of determining whether an implementation satisfies‘acceptance criteria and enable]
fo determine whether or not to accept the implementation. This includes, the planning and execution of several |
bts (e.g., functionality, quality, and speed performance testing) that demenstrate that the implementation satisfig
requirements.

ghput and responsiveness, under various conditions.

References

following Recommendations and International Standards contain provisions which, through reference in this
itute provisions of this Recommendation.} International Standard. At the time of publication, the editions indi
valid. All Recommendations and-Standards are subject to revision, and parties to agreements based on
mmendation | International Standatd are encouraged to investigate the possibility of applying the most recent ed
e Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
hational Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
T Recommendations.

—  Recommendation ITU-T T.800 | ISO/IEC 15444-1, Information technology — JPEG 2000 image c(
system; Core coding system.

—  Recommendation ITU-T T.814 | ISO/IEC 15444-15, Information technology — JPEG 2000 image cq
system: High-throughput JPEG 2000.

00 |

s the
inds
s the

S its

text,
ated

this
ition
valid
valid

ding

ding

Definitions

For the purposes of this Recommendation | International Standard, the terms and definitions given in Rec. ITU-T T.800 |

I1SO/
3.1

3.2
vice

IEC 15444-1, Rec. ITU-T T.814 | ISO/IEC 15444-15 and the following apply.

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

arithmetic coder: Entropy coder that converts variable length strings to variable length codes (encoding) and

versa (decoding).

1 This Recommendation | International Standard includes an electronic attachment with the codestreams used in the application of
the procedures described the Specification.

Rec. ITU-T T.803 (V3) (02/2024)
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3.3 big endian: Order of bytes in which the most significant byte comes first.

3.4 bit: Contraction of the term "binary digit"; a unit of information represented by a 0 or a 1.

3.5 bit-depth: Number of bits required to represent an original component of an image:

3.6 bit-plane: Two-dimensional array of bits, referring to all the bits of the same magnitude in all coefficients or

samples, within a component, a tile- component, a code-block, a region of interest, or other.

3.7 bitstream: Sequence of bits resulting from the coding of a sequence of symbols, not including any markers or
marker segments from the main and tile-part headers, not including packet headers, and not including in stream markers
or marker segments or the end of codestream marker.

3.8 box: Portion of the file format defined by a length and unique box type.
Note on entry: Boxes of Some types may contain Other DOXES.

3.9 byte: Eight bits.

3.10 Cclass: Defines a level of performance for a decoder, also providing guidance for encoders*to prdduce
codeptreams that are easily decodable by compliant decoders.

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

3.13 codestream: Collection of one or more bitstreams and the main header, tile<part headers, and the end of
codeptream marker required for their decoding and expansion into image data.

Note on entry: This is the image data in a compressed form with all of the signalling needed to decode, but not including the file
format.
3.14 coding pass: Procedure accessing coefficients in a code-block whefe the context and bit are determined.

Note on entry: Typically, there are three different coding passes for each bif-plane, each coefficient will be represented in exactly
he of the three passes; for an encoder a coding pass examines coefficients and augments a bitstream; for a decoder a coding pass
reads a bitstream and updates coefficients.

o

3.15 coefficient: Value that result from a transformation:

3.16 component: Two-dimensional array of samples:
Note on entry: An image typically consists of several compohents (e.g., red, green, and blue).

3.17 compressed image data: Part or all of a’codestream, or a collection of bitstreams in part or all of a codestieam.

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: TFhe process of assessing compliance.

3.20 context: Function of ogfficients previously decoded and used to condition the decoding of the prgsent
coefficient.

3.21 decoder: Embodiment of a decoding process, and optionally a colour transformation process.

3.22 decoding process: Process that takes as its input all or part of a codestream and outputs all or part|of a
recopstructed imaget

3.23 decomposition level: Collection of wavelet sub-bands where each coefficient has the same spatial impdct or
span| with tespect to the source component samples, including all sub-bands of the same two-dimensional sub-band
decompaosition, where the last decomposition level also includes the LL sub-band.

3.24 discrete wavelet transformation (DWT): Transformation that iteratively transforms one signal into two or
more filtered and decimated signals corresponding to different frequency bands.

Note on entry: This transformation operates on spatially discrete samples.
3.25 encoder: Embodiment of an encoding process, optionally including a colour transformation process.
3.26 encoding process: 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: Codestream and additional support data and information not explicitly required for the decoding
of the codestream.

2 Rec. ITU-T T.803 (V3) (02/2024)
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Note on entry: 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.

3.30 guard bits: Additional most significant bitplanes, beyond the nominal dynamic range of a wavelet sub-band,
that have been included in coding of the 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: Set of all components.
3.33 image data: Component samples making up an image.
Note on entry: Image data can refer to either the source image data or the reconstructed image data.
3.34 implementation: 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): Implementation that is being evaluated for compliance.
3.37 irreversible: Transformation, progression, system, quantization, or other proeess that, due to systemjc or

quantization error, prevents lossless recovery.

3.38 JPEG (Joint Photographic Experts Group): The joint 1SO/ITU committee responsible for develqping
standards for continuous-tone still picture coding, also referring to the standards produced by this committee: 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
| ISQ/IEC 14495-1.

3.39 LL sub-band: Sub-band obtained by forward horizontal low=pass filtering and vertical low-pass filtering
Note on entry: This sub-band contributes to reconstruction with inverse vertical low-pass filtering and horizontal low-pass filtpring.

3.40 layer: Collection of compressed image data from-coding passes of one, or more, code-blocks of a] tile-
component, where layers have an order for encoding and-decoding that has to be preserved.

341 lossless: Descriptive term for the effect of the' overall encoding and decoding processes in which the output of
the decoding process is identical to the input to the‘encoding process, such that distortion-free restoration can be asgured
and all of the coding processes or steps used for gncoding and decoding are reversible.

3.42 lossy: Descriptive term for the effe¢t of the overall encoding and decoding processes in which the output gf the
decopling process is not identical to thetinput to the encoding process, because at least one of the coding processes or pteps
used|for encoding and decoding is jrreversible.

3.43 main header: 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.

3.44 marker: Twosbyte code in which the first byte is hexadecimal FF (OxFF) and the second byte is a value betyveen
1 (0%01) and hexadecimal FE (OXFE).

3.45 markersegment: Marker and associated (not empty) set of parameters.

3.46 packet: Part of the codestream comprising a packet header and the compressed image data from one layer of
one precinct of one resolution level of one tile-component.

3.47

3.48 parser: Reads and identifies components of the codestream down to the code-block level.
3.49 partial decoding: Producing an image from a subset of an entire codestream.

3.50 precinct: Rectangular region of a transformed tile-component, within each resolution level, used for limiting
the size of packets.

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

3.52 progression: Order of a codestream where the decoding of each successive bit contributes to a "better"
reconstruction of the image.

Note on entry: What metrics make the reconstruction "better” is a function of the application; some examples of progression are
increasing resolution or improved sample fidelity.
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3.53 profile: 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.

Note on entry: Profiles are codestream limitations.
3.54 quantization: Method of reducing the precision of the individual coefficients to reduce the number of bits used
to represent them.
Note on entry: Quantization can be achieved by an explicit operation with a given quantization value (scalar quantization) or by
dropping (truncating) coding passes from the codestream.
3.55 reconstructed image: Image that is the output of a decoder.

3.56 reference grid: Regular rectangular array of points used to define other rectangular arrays of data.
Note on entry: The reference grid is used to determine the number of samples in tile-components for example.

3.57 region of interest (ROI): Collection of coefficients that are considered of particular relevance by sonme: liser-
defirfed measure.

3.58 reversible: Transformation, progression, system, or other process that does not suffer systemicior quantizption
errorn and therefore allows for lossless signal recovery.

3.59 reversible filter: Particular filter pair used in the wavelet transformation which allowsAossless compressipn.
3.60 sample: One element in the two-dimensional array that comprises a component.

3.61 selective arithmetic coding bypass: Coding style where some of the code-block’passes are not coded by the
arithmetic coder, where the bits to be coded are instead appended directly to the bitstream without coding.

3.62 shift: Multiplication or division of a number by powers of two, where ivision of an integer via shift implies
trundation toward minus infinity of the non-integer portion.

3.63 sign bit: Bit that indicates whether a number is positive (value.Q) or negative (value 1).

3.64 sign-magnitude notation: Binary representation of an integer where the distance from the origin is expréssed
with|a positive number and the direction from the origin (positivé<or negative) is expressed with a separate single|sign
bit.

3.65 source image: Image used as input to an encoder.

3.66 sub-band: Group of transform coefficients resulting from the same sequence of low-pass and high-pass filtering
opergtions, both vertically and horizontally.

3.67 testing: Process of evaluating compliance.

3.68 tile: Rectangular array of points'‘an the reference grid, registered with an offset from the reference grid grigin
and defined by a width and height.

3.69 tile-component: All the samples of a given component in a tile.

3.70 tile-part: Portion of the codestream with compressed image data for some, or all, of a tile, including ope or
morg packets that make up&heToded tile.

3.71 tile-part header Group of markers and marker segments at the beginning of each tile-part in the codestream
that glescribe the til€-pafrt coding parameters.

3.72 transformation: Mathematical mapping from one signal space to another.

3.73 transform coefficient: 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 Buace value
ETS Executable Test Suite
HT High Throughput
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HTJ2K High Throughput JPEG 2000
ICC International Colour Consortium
ICS Implementation Compliance Statement
ICT Irreversible Component Transform
IDWT Inverse Discrete Wavelet Transformation
IEC International Electrotechnical Commission
I1ISO International Organization for Standardization
ITU International Telecommunication Union
ITU-T International Telecommunication Union — Telecommunication Standardization Sector
IuT Implementation Under Test
J2K JPEG 20002
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
Bmace Magnitude bound parameter for an"HTJ2K codestream
C Component guaranteed to be decoded
CAP Capabilities

cocC Coding style Compaonent

COoD Coding style Default

COM Comment

CPF Corresponding Profile

CRG Companent Registration

EPH End of Packet Header

EOC End of Codestream

H image Height guarantee

L Layer guarantee

LS50y code data buffering guarantee

M decoded bit-plane guarantee

Mwmacs Magnitude bound decoding guarantee
Neb 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

2 As defined in Rec. ITU-T T.800 | ISO/IEC 15444-1.
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POC Progression Order Change marker
PPM Packed Packet headers, Main header marker
PPT Packed Packet headers, Tile-part header marker
PRF Profile marker
QcCcC Quantization Component marker
QCD Quantization Default marker
RGN Region of interest marker
SIz image and tile Size marker
SOoC Start Of Codestream marker
SOD Start Of Data marker
SOP Start Of Packet marker
SOT Start Of Tile-part marker
T Transform level guarantee
TLM Tile-part Lengths marker
W image Width guarantee
5 Conventions

The compliance files including test codestreams, JP2 files, JPH files, reference decoded images, and descriptive filgs are
supplied in the form of a compressed file. File locations given in this Recommendation | International Standard are
expressed relative to the top level of the directory tree. A Unix style file stfucture and delimiters are assumed.

This[Recommendation | International Standard contains instructions for the use of these files. No support can be proyided
by I$O | ITU-T beyond that offered in this Recommendation | International Standard.

6 General description

Perhpps the most distinctive feature of JPEG 2000 is itssemphasis on and support for scalability. An existing codestfeam
may [be accessed at a reduced resolution, at a reduced’quality (higher compression), at a reduced number of components,
and ¢ven over a reduced spatial region. Moreover; this Recommendation | International Standard supports a rich fgmily
of information progression sequences whereby the information may be reordered without introducing additjonal
distgrtion. This enables a single compressed-Codestream to serve the needs of a diverse range of applications.

This| Recommendation | Internationat=Standard also covers compliance for implementations of Rec. ITU-T T.814 |
ISOMEC 15444-15. To avoid copfusion, the terms JPEG 2000 (J2K) and high throughput JPEG 2000 (HTJ2K) are|used
in th|s Recommendation | International Standard, where necessary, to differentiate between JPEG 2000 codestreamg that
confprm to Rec. ITU-T T.800+ ISO/IEC 15444-1 and those that conform to Rec. ITU-T T.814 | ISO/IEC 15444-15,
respgctively. J2K codestreams can be reversibly transcoded to HTJ2K and vice-versa, without any loss in informgtion.
This|property allows compliance for HTJ2K and J2K implementations to be treated in a very similar manner. In fagt, all
of the HTJ2K testcodestreams and JPH files provided in the electronic attachment have been obtained by reversibly
trangcoding copresponding J2K test codestreams and JP2 files available at the same location. The decoded output from an
HTJ2K decaderis expected to conform to the same guidelines as the decoded output from a J2K decoder, processing the
corrgsponding J2K codestream or JP2 file.

From the perspective of compliance, the main distinction between HTJ2K and J2K is that an HTJ2K codestream dogs not
generally possess the same quality scalability attributes as the corresponding J2K codestream. An HTJ2K decoder cannot
choose to stop the decoding of a code-block bit-stream at an arbitrary bit-plane, providing a fine grain trade-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 JPEG 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
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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".

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 rgsulting imagery. The other approach Is alSo Inappropriate because It offers the Implementer No guarantee concetning
the resources that may be required for decoding, and in many cases the codestream may contain information that is'pf no
intergst to the application.

This|[Recommendation | International Standard describes compliance for JPEG 2000 decoders in terms\of a system of
guargntees. These guarantees serve to discourage encoders from producing codestreams that will be exceedingly difficult
or impossible for a decoder to process, to encourage decoders to provide quality images from any,reasonable codestream,
and o 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 define capabilities
for all bitstreams within a profile. Encoders achieve quality guarantees for particular_decoders by encoding bitstrgams
whigh meet a particular profile definition. Compliance classes (Cclass) define guarantees of a given level of image quality
for a[decoder and guidance for encoders to produce codestreams that are easily decodable by compliant decoders.

Esseptially, if a JPEG 2000 encoder produces a codestream with certain properties, then a decoder of a certain Cclasg will
be capable of producing an image with some defined level of quality. The'compliance class of a decoder is based splely
on passing certain tests. The tests in this Recommendation | International Standard are designed to require a comgliant
decoger to be capable of decoding all codestreams with a set of 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. These two profiles
descfibe bitstream constraints for a Rec. ITU-T T800 | ISO/IEC 15444-1 encoder. Profile-0 is a subset of Profjle-1.
Henge, any implementation capable of decoding, Profile-1 test streams shall be capable of passing the compliance|tests
for Hrofile-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 provided in the electronic attachment include a CPF marker segment, that indicates the profile
of thp J2K codestream from whichthey 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 set4nay use the J2K block coding algorithm for some or all of their code-blocks. In particulaf, the
MIXED 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 that are
derived fron1the same compliance points as those for J2K decoders, by means of a transcoding step. The derived HTJ2K
test godestreams are classified into the four derived sets defined in Table-1. Each of the two DSO sets is a subset gf the
corrgsponding DS1 set, being derived from J2K profiles 0 and 1, respectively. Also, the HT derived sets are each supsets
of the corresponding 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

not HTONLY

HTJ2K codestreams with a CPF marker segment that identifies Profile-0 as the compatible profile, that are

DS1_HM

not HTONLY

HTJ2K codestreams with a CPF marker segment that identifies Profile-1 as the compatible profile, that are
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Decoders

pliant implementations of the decoder are not required to decode each codestream in its entirety, but are requir

red by a decoder. They may be interpreted as a contract by the implementation to recover, decode and transfg
defined minimal subset of the information contained in any codestream. This contract is describéd in a manne
s with the Cclass. The contract may be exploited by content providers to optimize recovered image quality o
y of decoders according to their known Cclasses.

given profile, decoder guarantees are expressed in terms of several parameters including decoded image dimens
pight) and W (width), and a number of components, C, for the Cclass. The pafameters are not dependent o
stream that is actually being decoded. Annex A defines the parameters and the-elasses for which compliance cl
be made and tested. Annex E allows a decoder to define guarantees that are greater than that of the defined Cclg

nificant characteristic of an HTJ2K decoder is the largest value Muagg @f the magnitude bound (MAGB) parar
g that it supports, as defined in Rec. ITU-T T.814 | ISO/IEC 15444-~15,/Every HTJ2K codestream advertises a

his parameter that lies in the range 8 to 74, encoded within its.capabilities (CAP) marker segment. For H1
fers, the Muacs Value is one of the guarantees that forms part-0f the implementation's contract. The decoder i
red to exhibit any particular defined behaviour when presented with a codestream for which Buace exceed
fer's Muacs Value. However, for HTJ2K codestreams whose Buace value is less than or equal to Muacs, the de
pected to exhibit decoded image quality that conformsito the other aspects of the Cclass to which conforman
Ftised.

Encoders and codestreams

ITU-T T.800 | ISO/IEC 15444-1 deseribes two restricted profiles (Profile-0 and Profile-1) that provide guara
erning the parameter ranges and information placement in a codestream. Since codestream limitations may
Fsely affect scalability and interoperability, the smallest possible number of limitations are imposed by these pro
X F allows an encoder to define'guarantees of codestreams produced by the encoder.

ders may also be required-ta conform to certain guarantees in particular application areas of interest that are ou
cope of this Recommendation | International Standard. As an example, a medical image application may requir
fer to guarantee lossless performance up to a given image size.

Implementation compliance statement

Jation ef:compliance for a particular implementation may require a statement of the options that have
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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 Muagcs limit on supported Buacs values. An HTJ2K decoder
may provide separate Muage 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.

6.5

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.
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a) Test purpose: What the test requirement is.
b) Test Method: The procedures to be followed for the given ATS.
c) 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
is gathered from a completed ICS (Annex F). These procedures are informative since Rec. ITU-T T.800 |
ISO/IEC 15444-1 and Rec. ITU-T T.814 | ISO/IEC 15444-15 are hoth codestream and decoder compliance standards.

6.7

The
AnNn{

6.8
The

6.9

The
I1SO/,

v
Theg
origi
Org4
prop

8

The
avail

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.

Procedures for testing file format readers

brocedures for testing readers of the JP2 and JPH file format are defined in Annex G.

Additional test codestreams and files

nformative Annex H describes additional test codestreams and files that exercisg features from Rec. ITU-T T
EC 15444-2 [1].

Copyright

e compliance files were originally developed by the parties indicated in the file COPYRIGHT. In particulal

nization for Standardization/International Electrotechnical. Commission (ISO/IEC) have disclaimed liability fo
bsed use of these files or modifications thereof.

Compliance files availability and-updates

compliance test images released with this"Récommendation | International Standard are the latest tested ver:
able at the date at which the text was approved.

ed in

801 |

, the

hal developers of these files and their respective companies, the editors and their companies, and Internatjonal

rany

5ions
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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.
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Compliance class parameter definitions

use of resource limitations, implementations of JPEG 2000 sometimes will not be able to decode a codestream
bty. This subclause defines various parameters for which a specific implementation might be limited.tA sét of v
very parameter defines a compliance class. Thus an implementation of a particular Cclass shall guarantee reso
fined in all the parameters.

| Profile: codestream guarantees

EC 15444-1, labelled Profile-0 and Profile-1. Other profiles exist, including one\that allows unrestricted u
pilities in Rec. ITU-T T.800 | ISO/IEC 15444-1. Testing arbitrary codestreams requires almost unlir
putational resources. Thus, all defined tests for J2K decoders pertain to a-Specific profile and will only
streams compliant with that profile. The defined tests for HTJ2K decoders are based on the derived sets defin
b 1 that are obtained only from J2K codestreams conforming to Profile=@ and Profile-1.

p H, W, C: Image size guarantees

ders may be limited in the size of the output image that théy-are capable of producing, due to physical di
cteristics or memory limitations. H, W, and C are respectively the largest height, width, and number of compo

nd C for a Cclass shall still be decoded. Compliance;for these codestreams is based on the ability to decode 3
e component in the codestream with the smallest sampling factor relative to the reference grid. For images

fed, and the corresponding region of each{component shall be decoded.

Cclass 0, a decoder shall be able to decode the largest resolution level that is no larger than 128 samples in €
e dimension and that requires.no. more than three levels of inverse discrete wavelet transformation (1D
pssing. For Cclass 1, a decodershall be able to decode the largest resolution level that is no larger than 2048 san
her image dimension and thatrequires no more than seven levels of IDWT processing.

ponents selects the Component with the smallest sampling relative to the reference grid. The maximum r< T
ies both conditions)is the number of levels that shall be decoded. Ty is defined in A.1.9. Xsiz, Ysiz, XOsiz, and

b from the image~and tile size (S1Z) marker segment defined in Rec. ITU-T T.800 | ISO/IEC 15444-1. N i
per of wavelet transform levels used in the image as specified in the coding style default (COD) or coding
ponent (COC) marker segments. (If a non-negative r does not exist to satisfy both conditions, then no de
ation exists.)
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For images with multiple tiles, a tile with top left and bottom right coordinates (txo, tyo), (tx1, ty1) 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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See Rec. ITU-T T.800 | ISO/IEC 15444-1 for an exact definition of txo, tyo, tx1, and ty: including limitations to SIZ marker
parameters. If a non-negative r does not exist to satisfy both conditions for any tile, then no decoder obligation exists.
Otherwise, one or more tiles shall be decoded, where the total decoded width need not exceed W and the total decoded
height need not exceed H. There is no obligation to decode partial tile areas.

NOTE - For the purposes of compliance testing, all possible combinations of these parameters will NOT be provided. as test

r¢ference images. It can be necessary for the IUT to provide the ability to set the decode resolution and decoded tile|pogition.
However, some post processing will be permitted as described in Annex B.

A deroder claiming compliance at some Cclass with image dimensions H x W and number of components‘C shall also be
capaple of decoding any image with width less than or equal to W, height less than or equal to\H, and numbgr of
components less than or equal to C. For each Cclass, the minimum values for H, W, and C are specified in Table A.[L.

Al3B Neb: Code-block parsing guarantee

Decqders need not decode compressed bits that cannot be recovered from the codestream du€ to excessive parser memory
being required. An upper bound for the parser state memory required to reach a point x in the codestream magy be
deteqmined from the total number of code-blocks for which state information has te be kept, the total number of predincts
for which a packet has been encountered, and the total number of components of.the codestream.

At ppsition x in the codestream, Neo(X) is defined as the total number of-eode-blocks in every precinct where the first
headgr byte of at least one received packet for the precinct lies outside the range 0x00 to Ox7F.

Decqders are permitted to stop parsing the codestream at the point,*X; once Neb(X) > Nep, Where Ngp is defined for|each
compliance class. Decoders are permitted to stop parsing the codestream once packet headers with more than Ng, ¢ode-
blocks have been encountered. Code-blocks in packets prior{@_the packet with the N 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 defined as empty. The above definition adds all the code-blocks assogiated
ith such precincts to Neo for these empty packets because a decoder requires more memory for these packets than for pgckets
arting in the listed range.

[%2]

Al4 Neomp: Component parsing guaranteé

Decqders could be required to buffer information about each component for many thousands of components just to parse
a codestream. To limit the required memory, decoders are permitted to stop parsing the codestream at a point, X, onde the
following condition is reached:

Cmax(X) > Ncomp

where Cmax(x) is definedas the largest component index for which a packet has been encountered up to point x regargdless
of the emptiness orihgwrelevance of the packet.

Codg-blocks inpdckets prior to the above stop condition shall be decoded up to the limits of other parameters ip the
compliance elass.

Alb knody: 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, as specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

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, Loogy 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 Luodgy, 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.
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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
| ISO/IEC 15444-1. 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

0 fryerse
mponent transform (ICT). The s for
nple.
ding
ders
e 9-7

Using the 5-3 inverse wavelet transform to decode imagery compressed with the 9-7 wavelet-introduces signal depefdent
noisg. For example, errors are highest around edges in the imagery. Because induced errorS.are signal dependent, there is
no "precision” specified for the implementation of the wavelet transform for Cclass 0. lastead, the bounds on accurapy of
the 9-7 transform have been set for each Cclass 0 reference image to allow an implementation to use the 5-31 inyerse
wavelet filter. Using the 5-3I inverse wavelet transform instead of a 9-71 filter-does not relieve a decoder of the
requ{rement to perform inverse quantization.

For gompliance classes other than Cclass 0, the precision guarantee in TalleyA.1 refers to the implementation's minimum
word size that will achieve the target mean squared error (MSE) values‘for the test streams.

To facilitate end-to-end testing for compliance, dequantization may~be performed using mid-point rounding. That i$, the
valug of the reconstruction parameter r in Rec. ITU-T T.800 | ISQ/IEC 15444-1 can be r = 1/2. Implementations under
test may provide the option of using different values for the reeonstruction parameter, r; however, if the value r = 1/2 is
suppprted and employed for compliance testing this will typically increase the ease of passing.

AlS3 B: 5-3R precision guarantee

A degoder is expected to implement the reversible 53R IDWT exactly, for component bit-depths of B bits/sample or|less,
as specified in the SIZ marker segment (see Re¢.ATU-T T.800 | ISO/IEC 15444-1). If a codestream employs the reversible
component transform (RCT) and the IUT claims compliance at three or more components, it shall be able to perform{both
the 5-3R IDWT and the inverse RCT exactly for bit-depths of B bits/sample or less.

A.1.9 Ty Transform level guarantee

For gach Cclass, a decoder iS“expected to be able to synthesize a minimum number of levels of the IDWT, T.| For
codeptreams that contain rheré than T, decomposition levels, the decoded image from a compliant decoder in a given
Cclaps may include only-the top resolution levels.

A.110 L: Layerguarantee

For gach Cclass, a decoder is expected to decode a minimum number of layers, L, in a codestream. For codestreams that
contgin maresthan L layers, the decoded image from a compliant decode in a given Cclass may include only the top
L layfers/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 0 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., Ne» and Luody) and there
is no explicit limitation on the number of POCs that may occur.

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 0 decoders may ignore tile-parts beyond the first even if N,
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or Luogy has not been reached. For all other Cclasses, tile-parts may be skipped only due to other limitations (e.g., Nep and
Luody) 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.

A.1.14 Mwmacs: Magnitude bound guarantee

For HTJ2K decoders, compliance classes are further qualified by a maximum supported value for the Bmacs 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
definjes 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) for J2K decodefs
Parameter Cclass 0 Cclass 1 Cclass 2
W H{ H (size) 128 x 128 2048 x 2048 16384 x 16384
C (gomponent) 1 4 256
Neb (HW/1024 + 32)C = 48 (HW/256 + 128)C = 66 048 (HW/256 + 128)C = 268 468 224
Ncorp 64 256 16384
Lbod 8192 bytes 223 bytes 2% bytes
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
TL 3 A 12
L 15 255 65535
Progressions All "basic" progressions in Limited only by number of Limited only by number of levels,
COD, only need decode first levels, layers and components | layers and components
progression per tile
Tild 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 Decode 1stprecinct per Decode all precincts up to Neb | Decode all precincts up to Neb 0
sub-band or Loody limits Lbody limits
Table. A22- Definitions of derived compliance classes (Cclass) for HTJ2K decoders
Parameter Cclass Oh Cclass 1h Cclass 2h
W X H, C, Neoy, s As specified for As specified for As specified for
pregincts Cclass 0 in Table A.1 Cclass 1 in Table A.1 Cclass 2 in Table A.1
MwmhcB =11 =15 > 30

To facilitate the testing

of Inverse wavelet transform and Inverse decorrelating transform accuracy In isolation, one

additional derivative compliance class is introduced as Cclass 1HF, which is identical to Cclass 1 except that the decoded
bit-plane guarantee M is increased from 15 to 20. For HTJ2K decoders, a Cclass 1HFh is introduced, which is identical
to Cclass 1h, except that M and Mwacs are both increased from 15 to 20. This allows test codestreams to be created with
high fidelity ("HiFi"), meaning that the quantized sub-band samples can have high precision, while the decoder
conforming to Cclass 1HF or Cclass 1HFh, as appropriate, also guarantees to decode the sub-band samples to high
precision, so that a significant part of the reconstructed image error can be expected to arise from numerical noise in the
implementation of the inverse wavelet and component decorrelating transforms, if they are implemented in 16-bit fixed-
point arithmetic. These additional "HiFi" Cclasses are defined in Table A.3.
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Table A.3 — Definitions of HiFi compliance classes

Parameter Cclass 1HF Cclass 1HFh
WxH, C, Neb, ... As specified for As specified for
Precincts, excluding M | Cclass 1 in Table A.1 Cclass 1h in Table A.2
M > 20 > 20
Mwmacs N/A > 20

A3 Lossless encoding and decoding

The m|n|mum compllance pomt Cclass 0, guarantees suff|0|ent resources to ensure truIy Iossless decodlng to a bit-depth

the
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In the HTJ2K case, compliance point Cclass Oh guarantees sufficient resources for truly lossless decoding to a bit-dlepth

of 8 bits per sample. Again, however, this does not mean that lossless performance’will be achieved, even if the codest
contains a lossless representation of the image and has MAGB parameter\Byacg < 11, for the same reasons out
above. Encoders can losslessly compress 8-bit imagery without requiring ‘a larger MAGB parameter than 11, but
RCT|is employed, the MAGB parameter generally needs to be increased to 12 to ensure a lossless representation.

ream
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Annex B

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 highest

B.2
The

Cclaps. In such a case, It may be necessary to alter the outputs of the decoder in order to test its compliance with the lpwer
Cclaps. This annex defines procedures for such alterations.
Decoder test procedure
brocedure defined herein will determine if a decoder is compliant at a chosen profile and Cclass.
R1 R2
T.803(21)_FB1
S1: Select first test codestream (TCS) D1: Any error metrics within tolerance?
S2: Decode TCS with IUT D2: More tests?
S3: Convert outputs of decoder R1: Decoder failed compliance
S4: Compare with reference image R2: Decoder passed compliance
S5: Select next TCS
Figure B.1 — Decoder compliance test flow chart
Rec. ITU-T T.803 (V3) (02/2024) 15
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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 [ refix “nQ” isused in the rnmplianrn mcting pmr‘ndum

The felevant codestreams for testing an HTJ2K decoder consist of the highest precision compatible TCS from each’subset
of the ETS consisting of HTJ2K test codestreams that differ only by Buacs value (BSET) in the ETS that belongs tp the
derijed set against which the IUT claims compliance. A BSET is a collection of test codestreams that differ by Bjwace
valug, but otherwise represent the same content, with the same coding parameters. The highest precisionyrcompatiblg test
codestream from a BSET is the one with the largest Bmacs value that is no larger than the Muacs_limit claimed by the
IUT |For example, if a BSET contains codestreams with suffix *_b11" and "_b13", the first one isused for testing an IUT
whogse claimed Mmags limit is smaller than 13, while the second is used for testing an IUT whose-claimed Mwace limit is
13 of more. Each BSET in the electronic attachment includes one test codestream with Buaes’no larger than 11, and the
minimum Mwmace value for the lowest defined Cclass is 11, so all BSETs can be used ih.testing an HTJ2K decodgr for
compliance with each defined Cclass.

B.2.] Files for testing

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

B.2.3 Decoder settings

Decqders may have mechanisms for supporting various, decompression settings. These may be set in the most
advahtageous way to achieve compliance. For example, a.decoder with a "fast mode" and an "accurate mode" may he set
to the "accurate mode" for compliance. These settings skieuld be noted in any statement of compliance. Settings that allow
the dutput resolution or spatial region of the reference decoded images to be matched may be changed for each decpded
imade. The same user controlled settings for accuracy or quantization reconstruction factor of wavelet coefficientsshall
be uged for all test codestreams.

For gach reference decoded image it is useful to know the output resolution and spatial extent; this is provided with the
ETS] All reference decoded images hegin at the upper left corner of the TCS image area and include decoded tiles fip to
the width and height declared in theséjtables. The reduction in resolution from the full TCS resolution is provided in fhese
tables, as well. For Cclass 0, wheh several reference decoded images are provided for a single test codestream, the deqoder
outppt need only be compared with one of the reference image choices.

B.2.3 Output file farntat conversion

The feference decoded images are provided in a specific format defined below. In order to compare decoded images from
the decoder under test with these images, several conversions may be necessary. These conversions are done as post-
processing stepsoutside of the decoder solely for determining compliance. There is no requirement for a compliant
decoger toperform these processes as part of its normal operation. These conversions shall not introduce a quality change
(either 10Ss 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 desired
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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 | ISO/IEC 15444-1 shall be used. If the components were transformed with the 5-3 reversible
filter, the forward RCT from Rec. ITU-T T.800 | ISO/IEC 15444-1 shall be used.

B.2.31.3 Conversion to Integer

A decoder producing floating point output samples shall have the samples converted to the nearest integer.

B.2.3.1.4 Clipping

Becduse of quantization and potential differences in the forward and inverse wavelet transforms, decoded companent
samples may be outside their nominal range. They shall be clipped as follows for unsigned components:

0’ Xunclipped < O
_ D
Xclipped - Xunclipped’ 0< Xunclipped <2 (B'l)
D D
2" -1, 2" < Xunclipped
whete D is the bit-depth of the component. For signed components, clippingis defined as:
D-1 D-1
-277, Xunclipped <2
D-1 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 to the 'smaller of the image component bit-depth and the compliance class bit-depth.
For gxample, if a decoder decodes a 12=bit:component into the most significant bits of a 16-bit word, the component{shall
be sgaled to 8 bits per sample for a-€¢class 0 decoder test. If the decoder produces an 8-bit component for a codestfeam
with(a 4-bit component, the component shall be scaled to 4-bits per sample. The scaling shall be implemented by simple
arithmmetic shifts. This can be expressed as:

__ | Xunscaled
Xscaled = l 2d-r J (B-3)

where d is the ndminal bit-depth of the decoded component, r is the bit-depth of the reference image and | | is the
arithmetic floerfunction that rounds its argument downwards to the nearest integer.

B.2.3.1.65_Subsampling

e-numberof samplesexpectedfro ecHTL 300 HSOUECE estricted
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 XR§;; 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 reference image
for the Cclass being tested. Cropping is accomplished by discarding all samples outside of the dimensions of the reference
component.
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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 conversions. 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 reference images are stored in big endian (i.e., with most significant byte first). If the decoded image is producgd in
little[endian 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 example, 4~-and 12-bit component samples|shall
be padded in the most significant bit positions with an additional 4 bits. These hits shall be "1" for negative samples in
signgd images and "0" for all other samples. The sign extension shall properly account for the endianness of the samples.

B.2.4 Compare decoded and formatted components with reference components

Oncg¢ the decoded image has been properly formatted it is compared with the reference image. The reference components
for epch Cclass are listed in the tables defining the ETS. The décoded components shall be compared separately for all
components for which there is a reference decoded image. Foreach component, the MSE shall be determined as follows:

N
MSE= = 3" (x ~) (B-4)
i=1

wherie N is the number of samples in the Component (reference width times reference height), x; is a sample from the
referpnce image, and X; is the corresponding sample from the decoded and formatted image.

The Peak error, p, shall be determined as follows:

N
p=MAX

X —X ‘ (B-5)

B.2.4 Compdrte-error metrics with specification

Each ETS definés a peak error and MSE error for each test codestream and reference decoded image. These are defined
in Apnex Cy

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.

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.
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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 <byte order> [+|-]<bit-depth> <width> <height> <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 reference images
with this Recommendation | International Standard.

[+-]
with
sign
<wid
<hei

<nev
befo

Exan

B.2.4

The
byte
com
com

Kbit-depth> If this field begins with an ASCII digit or a '+' character, the image data is unsigned; if the field\b
a '-' character the data is signed. The ASCII value indicates the bit-depth. There may be a space (0x20) betwee
'+' or '-') and the bit-depth.

th> the number of samples horizontally for the image. There are no offsets or subsampling with this format.
pht> the number of samples vertically for the image. There are no offsets or subsampling with\this format.

line> may consist of the two bytes 0x0d, 0x0a, or the single character 0x0a, the character 0x0a shall be thg
e the beginning of the raw data and will always be present.

nple — PG ML +8 128 128

.2 Data format

binary data appears immediately after the 0x0a byte in the header. Thedata'in the raw file is stored most signif]
first using 1, 2, or 4 bytes per sample. One byte is used for componéntidepths of 1 to 8 bits, two bytes are use
ponent depths of 9 to 16 bits, and four bytes are used for depths. of 17 to 32 bits. Signed data is stored i
plement, with sign extension throughout the 1, 2, or 4 bytes (e.g5.~1 is stored as OxFFFF for a 12-bit sighed im

bgins
n the

last

cant
d for
n2's
hge).
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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.

Ci1 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 |

ISO/NEC 15444-15. The lists in this subclause are used to define the decoder ETS and could be used to develop addit]
encoger or decoder ETSs.
C.1.1  Syntax and compressed data order

a) 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.

C.1.2 _Arithmetic entropy encoding
a) Test purpose: To evaluate the correct operation of the implementation of the arithmetic encoder w

b) Test method: Using lossless codestreams, encode or decode several different codestreams with varia
of markers, marker values, and marker locations. Parameters and existence of markers may be limite
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)paeket length, tile-part header (PLT), p
length, main header (PLM) correct;

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

tile offsets: XTOsiz and YTOs)z with severakvalues including odd and even;

component subsampling: XRsz and YRsiz With several values including odd and even;
code-blocks dimensions: all values;

progression orders: five progresSion orders, POCs;

packet headers: include starf-of packet (SOP) and end of packet header (EPH), number of 13
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 and a pre
that is smaller thapsthe code-block sizes), precinct and tile boundaries equivalent at low resolu
different at high_resolution;

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

packetnon-empty bit of the packet header;
subtbands: with no precincts;
tile-parts: placing the tile-parts in different locations in the codestream, POC in second tile-part

onal

onal

fions
d by

hcket

yers,

cinct
tion,

e no

ithin

the TUT.

b) 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 with
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;

segmentation symbols;
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—  combinations of options.

Coefficient bit modelling

a)

b)

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

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.

Quantization

a)
b)

Test purpose: To test the accuracy of the quantization implementation of the IUT.
Test method: Encode or decode several different codestreams with zero levels of decomposition in the

Clb

Cl6

Cc1ly

Discrete wavelet transform

a)
b)

DC level shift and multiple componentitransform

a)

b)

Regionof interest

a)
b)

Waveter transform 5o that the quantization 15 the oy parameter Deing ested. The accuracy 15 tested]with
MSE and max error. Specific items to test include:

exponent and mantissa;

guard bits;

dequantization offset value;
derived and explicit quantization.

Test purpose: To test the accuracy of the implementation of the two diserete wavelet transforms.

Test method: Encode or decode several different codestreams with thetwo 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 shall be defined
by MSE and max error while the 5-3 filter shall have no differenee. Specific items to test include:

—  precision of 9-7;
—  reversibility of 5-3;
— number of decomposition levels, including 0;

—  different offset conditions and tile sizes, \ery small sub-bands down to 1 x 1, empty sub-bandg, one
column sub-bands, one-row sub-bands;

—  saturation conditions.

Test purpose: To test the ability~of the implementation to achieve the DC level shift and the accuragy of
the two multiple component.transforms.

Test method: Encode of:decode several different codestreams with IUT using different combinatiops of
options:

—  component depth;

—  compounent’samples that are signed and unsigned;
—  precision of ICT;

— <correctness of RCT.

Test purpose: To test the correct implementation of ROl in the IUT.
Test method: Encode or decode several different images with regions of different size, number, shift vialue,

Cc.138

differentin each component.

—  different ROI in each component;

— RGN marker in main and tile-part header, test for proper treatment of priorities;
—  shift value;

—  partial decoding of an image with ROI.

JP2 file format

a)

b)

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

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

Rec. ITU-T T.803 (V3) (02/2024) 21
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C.1.9  High throughput cleanup pass coding

a) Testpurpose: 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 verti

cally

causal context mode flag (bit-3 of SPcod/SPcoc) . Can change within a single image by changing the

options in each tile.

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 lossy compressed J2K codestreams to HTJ2K

C.1L

C.1.

C.1.

Cz2

The
four
16 tg

codestreams, so as to preserve the truncation boundaries of the original block bit-streams. Verify tha
decoded J2K and HTJ2K codestreams produce identical images.

|1 Placeholder passes

a) Test purpose: To evaluate the correct formation of packet headers within the IUT, whefe:multiple qu
layer boundaries are to be recorded in a codestream that uses the HT block coding’algorithm wi
multiple HT Sets.

b) Test method: Transcode reversibly transformed J2K codestreams with multiple quality layers to H
codestreams with corresponding quality layers and packets for each precin€t; so as to preserve the ori
coded values exactly using at most one HT Set for each code-block~\erify that the decoded J2K
HTJ2K codestreams produce identical images. Verify that the HTJ2K-Codestream can be transcoded
to a non-HTJ2K codestream and that truncating this codestream: and the original J2K codestream
reduced number of quality layers results in the same image upori.decoding.

|2 Mixing of HT and J2K code-blocks within HTJ2K codestreams

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

b) Test method: Selectively transcode some code<blocks of a losslessly compressed J2K codestream t
code-blocks, leaving the other code-blocks asJ2K code-blocks, and regenerate JPEG 2000 packg
correctly signal and encapsulate the transcoded content. Decode the resulting J2K and HTJ2K codestr
and verify that they are identical.

|3 JPH File format

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

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

Executable test suite

FTSs are the embodiment of the ATS. Commonly several ATSs are embodied in one ETS. This subclause de
ETSs for J2K>decoders, namely Cclass 0 and Cclass 1 decoders for Profile-0 and Profile-1 codestreams. Ther
st codestreams defined for Profile 0 and 7 test codestreams defined for Profile-1 (Profile-1 compliance requires

Prof
be

Eac

le-0 and:Profile-1 test codestreams). The tolerance values are defined as a function of Cclass for each image and
ore“difficult to achieve as Cclass increases for each image.

t the
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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 for testing HTJ2K decoders are derived from the J2K ETSs. The tolerance values for each HTJ2K Cclass 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 codestreams in

each

22

BSET have different By,cg parameter values. One test codestream in each BSET has Byagg < 11.
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Class 0 Profile-0

C.2.1.1 Codestreams

The J2K test codestreams for this ETS are in the directory codestreams_profile0. There are 16 codestreams, with
names of the form p0_## . j2k, where ## is the codestream number.

The derived HTJ2K BSETs for this ETS are in the directory htj2k_bsets_profile0. There are 16 BSETs, with
names of the form pO_##_bset, where ## is the J2K codestream number. Each BSET is a directory, containing
codestreams with names of the form ds0_ht_## b$.j2kords0_hm ## b$.j2k, where ## is the J2K codestream
number and $ is the Bygg value. Names of the first form are used for HTJ2K codestreams that are HTONLY, 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

The
of th
that
to th

The
c.2.

The maximum allowable MSE and peak errors are listed in Table C.1, along with theiSize of the reference decoded im

.2 Reference decoded images

|.3  Tolerances

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

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

reference decoded images for this ETS are in the directory reference_class0_profile0. The filenamg
e form cOpO_## [£N] . pgx, where ## is the codestream number, and N is the number of inverse wayeélet transf|
have been skipped in the decoding of the codestream. A 0 indicates a full resolution image (typieally this is cro
b upper left corner). A 1 indicates an image with resolution reduced by 2 in each dimension:

S are
prms

pped

hges.

TCS Reference file Resolut_|on Signed Depth Width Height Peak MSE
reduction
pQ_01.j2k cOp0_01.pgx 0 + 8 128 128 0 0
pQ_02.j2k c0p0_02.pgx 0 + 8 64 126 0 0
. c0p0_03r0.pgx 0 - 4 128 128 0 0
p@_03.j2k
c0p0_03rl.pgx 1 v 4 128 128 0 0
pd_04.j2k c0p0_04.pgx 3 + 8 80 60 33 55(8
p@_05.j2k c0p0_05.pgx 3 + 8 128 128 54 6
pQ_06.j2k cOp0_06.pgx 3 + 8 65 17 109 743
pQ_07.j2k c0p0_07.pgx 0 - 8 128 128 10 0.34
pQ_08.j2k c0p0_08.pgx 5 - 8 17 96 7 6.12
pQ_09.j2k c0p0_09.pgx 2 + 8 5 10 4 1.47
pd_10.j2k c0p0_10.pgx 0 + 8 64 64 10 2.4
pQ_11.j2k cOp0_11:pgx 0 + 8 128 0 0
pQ_12.j2k c0p012.pgx 0 + 8 3 0 0
pd_13.j2k cOp0_13.pgx 0 + 8 1 0 0
pQ_14.j2k c0p0_14.pgx 2 + 8 13 13 0 0
. cOp0_15r0.pgx 0 - 4 128 128 0 0
pd_1542k
c0p0_15r1.pgx 1 - 4 128 128 0 0
p( 18121k cOn0 16 nax 0 + Q 128 128 a)
— *J g I

NOTE — See A.1.7 for advice regarding the reconstruction parameter r when testing decoder implementations against these error
bounds.

The values in Table C.1 are used when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K decoder,
the allowable MSE and peak errors may be increased, depending on the Mmace limit claimed by the IUT, in accordance

with the values provided in Table C.1bis, applying the bit-depth dependent scaling specified in Table C.1bis.
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Table C.1bis — Additional allowable errors for HTJ2K TCSs belonging to derived set 0

Reference Component 0 Component 1 Component 2 Component 3
TCS Bmace Depth
Peak MSE Peak MSE Peak MSE Peak MSE

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 0.1 2 0.1 2 0.1
ds0[ht_04_b12.j2k 12 8 0 0 0 0 0 0 |
dsOf ht_05_b11.j2k 11 8 0 0 1 0.001 1 0.001 2 0.001
dsOf ht_05_b12.j2k 12 8 0 0 0 0 0 0 0 D
dsOf ht_06_b11.j2k 11 12 2500 75000 0 0 0 0 200 2000
dsOf ht_06_b15.j2k 15 12 0 0 0 0 0 0 12 10.0
dsOf ht_06_b18.j2k 18 12 0 0 0 0 0 0 0 D
dsOf hm_06_b11.j2k 11 12 0 0 0 0 0 0 200 2000
ds0f hm_06_b18.j2k 18 12 0 0 0 0 0 0 0 D
dsOf ht_07_b11.j2k 11 12 40 25.0 40 25.0 50 25.0
dsOf 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
dsOf ht_08_b11.j2k 11 12 40 45.0 40 30.0 40 45.0
ds0f ht_08_b15.j2k 15 12 0 0 1 0.001 0
dsOf ht_08_b16.j2k 16 12 0 0 0 0
dsOf ht_09_b11.j2k 11 8 0 0
dsOf ht_10_b11.j2k 11 8 0 0 0 0 0 0
dsOf ht_11_b10.j2k 10 8 0 0
dsOf ht_12_b11.j2k 11 8 0 0
dsOf ht_13 b11.j2k 11 8 0 0 0 D
dsOf ht_14 b11.j2k 11 8 0 0
dsOf ht_15_b11.j2k 11 4 17 0.15
dsOf ht_15_b14.j2k 14 4 0 0
dsOf hm_15_b8.j2k 8 4 0 0
dsOf ht_16_b11.j2k 11 8 0 0
NO[TE — When applied to the teferances in Table C.1, the additional peak errors are scaled by 2°2~Pref and rounded up, while the
addjtional MSE values are sealed’by 4°~Pref, where D is the bit-depth in Table C.1 and Dref is the reference depth in this table.

C.2.1.4 J2K test codestream descriptions (informative)

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

Fable-C2—Hemstested-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 OxFF30 marker segments,
32 x 32 code-blocks

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

4 Multiple components, termination every coding pass, 9-7 wavelet, precinct sizes in COD, irreversible
component transform, scalar expound quantization
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Table C.2 — Items tested by Profile-0 codestreams

Codestream Tests
5 Different subsampling for different components, different wavelet filters and parameters for different
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 Im:gn sourceis 'r_\cnndn randnm’ cllhcnmrr_\linc h\ll /I’ Q gunrri hifc, roversible colour frnncfnrm’ tile rr_nrts
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 codgstreams
Qodestream BSET Tests
1 5-3 wavelet, 64 x 64 code-blocks
2 Component subsampling, COD, QCD, EPH, SOP, 32 % 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, preginct-sizes in COD, irreversible component transform, scalan
expound quantization, multiple layers with placeholder passes
5 Different subsampling for differentcomponents, different wavelet filters and parameters for differept
components, multiple layers with'placeholder passes
6 12-bit component samplesxRGN 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:
HETEROGENEOUS
8 Large image, multiple layers with placeholder passes.
9 9-7 wavelet transform overflow
10 Image seurce is pseudo-random, subsampling by 4, 0 guard bits, reversible colour transform, tile-parts,
multiplé 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
The director contatsnformationapott-everyJ2Htestc otes atton is

of the type shown in Table C.3. Similarly, the directory descriptions_htj2k_profile0

. U A
contains information

about every HTJ2K test codestream.
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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
Image 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 segménts No
All Flags 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
ngmnnfnfinn Q\I/mhnlc Ao
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_##. 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 formds1_ht ## b$.j2kordsl_hm ## b$.j2k, where ## is the J2K codestream
number and $ is the By 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

belofgs to derived set DS1-HM.

C.2

The
of th
that

The
c.2.

The maximum allowable MSE and peak errors are listed in Table C.4, along with theSize of the reference decoded im

Theg
allov
the

.2 Reference decoded images

reference decoded images for this ETS are in the directory reference _class0_profilel. The«ilenams
e form cOpl_## [rN] . pgx, where ## is the codestream number, N is the number of inverse.wavelet transf|
have been skipped in the decoding of the codestream.

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

P.3  Tolerances

e values are used when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K decode
able MSE and peak errors may be increased, depending on the Muace limit’claimed by the IUT, in accordance
alues provided in Table C.4bis.

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

S are
prms

hges.
, the
with

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

TCS Reference file Fﬁgzz';tl'o": Depth Width Height Peak MSH
p1 01.j2k cOpl_01.pgx 8 61 99 0 0
pl_02.j2k cOp1_02.pgx 3 8 80 60 35 74.0
p1 03.j2k cOpl_03.pgx 3 8 128 128 28 18.8
o1 042k cOp1_04r0.pgx 0 8 128 128 2 0.55

cOpl_04r3.pgx 3 8 128 128 128 2042
p1_05.j2k cOp1_05.pgx 4 8 32 32 128 16384
p1_06.j2k cOpl_06.pgx 1 8 6 6 128 16381
pl_07.j2k cOpl_07.pgx 0 8 2 12 0 0
NOTE — See A.1.7 for adyice-regarding the reconstruction parameter r when testing decoder implementations against these|error
bpunds.

© ISO/IEC 2024 - All rights reserved

o Buncs Reference Component 0 Component 1 Component 2 Componenf 3
depth Peak | MSE | Peak | MSE | Peak | MSE | Peak | MSE
ds1ht—6thttjzk s 8 t 0-66%
ds1_ht 01 b12.j2k 12 8 0 0
dsl_ht 02_b1l.j2k 11 8 2 0.1 2 01 2 0.1
dsl _ht 02_b12.j2k 12 8 0 0 0 0 0 0
dsl_ht 03_b11.j2k 11 8 0 0 1 0.03 2 0.05 0.001
dsl _ht 03_b12.j2k 12 8 0 0 0 0 0 0 0
dsl_ht 04 b9.j2k 9 8 0 0
ds1_ht 05 b1l.j2k 11 8 0 0 0 0 0
dsl _ht 06_b11.j2k 11 8 0 0 0 0 0
dsl _ht 07_b11.j2k 11 8 0 0 0 0
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Table C.4bis — Additional allowable errors for HTJ2K TCSs belonging to derived set 1

Reference Component 0 Component 1

Component 2

Component 3

TCS Bmacs
depth Peak | MSE | Peak | MSE

Peak MSE

Peak MSE

NOTE — When applied to the tolerances in Table C.6, the additional peak errors are scaled by 2P~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.

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

b inca—toctad hyv tha dartnind oot O LITI2WK ~odactranimnc
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aloabh to hao
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o
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compliant decoders when accuracy is not guaranteed.

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

tile-part header (PPT) marker segment

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

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 offsetsmultiple layers with placeholder 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

QCD marker segment in tile header. HTJ2K features: HETEROGENEOUS

withiplaceholder passes

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

Small tile size

Small precincts

C.2.3 Class 1 Profile=0

C.2.3.1 Codestreams

The J2K test codestreams for this ETS are in the directory codestreams_profile0. There are 16 codestreams,|with
namgs of the-form p0_## . j2k, where ## is the codestream number. These are the same test codestreams as for Class

0 Profile-0, but they shall be decoded to higher quality.

The derived HTJ2K BSETSs for this ETS are in the directory htj2k_bsets_profile0. There are 16 BSETSs, with
names of the form pO_##_ bset, where ## is the J2K codestream number. Each BSET is a directory, containing
codestreams with names of the form dsO_ht_## b$.j2kords0_hm ## b$.j2k, where ## is the J2K codestream
number and $ is the By,cg Value. Names of the first form are used for HTJ2K codestreams that are HTONLY, 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.
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C.2.3.2 Reference decoded images

The reference decoded images for this ETS are in the directory reference_classl_profile0. The filenames are
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.

Table C.6 — Class 1 Profile-0 reference files and maximum error
TCS Reference | Resolutlon | Signed | Depth | Width | Height | Peak MSE
pd 01.j2k | clp0_01-0.pgx 0 8 128 128 0 0
pd_02.j2k ¢1p0_02-0.pgx 0 + 8 64 126 0 0
pd_03.j2k ¢1p0_03-0.pgx 0 - 4 256 256 0 0
pd_04.j2k ¢1p0_04-0.pgx 0 + 8 640 480 5 0.716
c1p0_04-1.pgx 0 + 8 640 480 4 0.626
c1p0_04-2.pgx 0 + 8 640 480 6 1.0710
pd_05.j2k ¢1p0_05-0.pgx 0 + 8 1024 1024 2 0.319
¢1p0_05-1.pgx 0 + 8 1024 1024 2 0.323
¢1p0_05-2.pgx 0 + 8 512 512 2 0.317
c1p0_05-3.pgx 0 + 8 512 512 0 0
pd_06.j2k ¢1p0_06-0.pgx 0 + 12 513 129 635 112B7
¢1p0_06-1.pgx 0 + 12 257 129 403 6124
c1p0_06-2.pgx 0 + 12 513 65 378 3968
c1p0_06-3.pgx 0 + 12 257 65 0 0
pd_07.j2k ¢1p0_07-0.pgx 0 - 12 2048 2048 0 0
¢1p0_07-1.pgx 0 - 12 2048 2048 0 0
c1p0_07-2.pgx 0 - 12 2048 2048 0 0
pqd_08.j2k c1p0_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 c1p0_10-0.pgx 0 + 8 64 64 0 0
¢1p0_10-1 0y 0 + 8 64 64 0 0
c1p0_10-2,pgx 0 + 8 64 64 0 0
pd_11.j2k c1p06,12-0.pgx 0 + 8 128 1 0 0
pd_12.j2k ¢1p0_12-0.pgx 0 + 8 5 0 0
pd_13.j2k ¢1p0_13-0.pgx 0 + 8 1 0 0
c1p0_13-1.pgx 0 + 8 1 0 0
c1p0_13-2.pgx 0 + 8 1 0 0
tipO—13=3pox 6 + 8 t t t 0
p0_14.j2k c1p0_14-0.pgx 0 + 8 49 149 0 0
c1p0_14-1.pgx 0 + 8 49 49 0 0
¢1p0_14-2.pgx 0 + 8 49 49 0 0
p0_15.j2k c1p0_15-0.pgx 0 - 4 256 256 0 0
p0_16.j2k c1p0_16-0.pgx 0 + 8 128 128 0 0
NOTE — See A.1.7 for advice regarding the reconstruction parameter r when testing decoder implementations against these error
bounds.

These values are used when testing both HTJ2K and J2K decoders. However, when testing an HTJ2K decoder, the
allowable MSE and peak errors may be increased, depending on the Mwace limit claimed by the IUT, in accordance with
the values provided in Table C.1bis.
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C.24 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_##. j2k, 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 formds1_ht ## b$.j2kordsl_hm ## b$.j2k, where ## is the J2K codestream
number and $ is the By 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
belofgs to derived set DS1-HM.

C.2.4.2 Reference decoded images

The feference decoded images for this ETS are in the directory reference_classl_profilel. Thefilenamgs are
of the form clpl_## [rN]-C.pgx, where ## is the codestream number, and N is the numben.of¢inverse wavelet
trangforms that have been skipped in the decoding of the codestream, and C is the component number. A decoder [shall
prodice 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 impges.
These values are used when testing both HTJ2K and J2K decoders. However} when testing an HTJ2K decodel, the
allowable MSE and peak errors may be increased, depending on the Mmage-limit claimed by the IUT, in accordance|{with
the vialues provided in Table C.4bis.

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

TCS Reference Resolution Depth Width Height Peak MSE
p1_01.j2k c1p1_01-0.pgx 0 8 61 99 0 0
p1 02.j2k clpl 02-0.pgx 0 8 640 480 5 0.76p

clpl 02-1.pgx 0 8 640 480 4 0.61p
clpl _02-2.pgx 0 8 640 480 6 1.051
p1_03.j2k clpl_03-0.pgx 0 8 1024 1024 2 0.31L
clpl 03-1.pgx 0 8 1024 1024 2 0.28p
clpl 03-2.pgx 0 8 512 512 1 0.26f
clpl_03-3.pgx 0 8 512 512 0 0
p1_04.j2k clpl 04*Q:pgx 0 12 1024 1024 624 3080
p1 05.j2k c1p2705<0.pgx 0 8 512 512 40 8.45B
c1pl 05-1.pgx 0 8 512 512 40 9.71p
¢1pl_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 2 12 0 0
clp1_07-1.pgx 0 8 8 12 0 0

NOTE — See A.1.7 for advice regarding the reconstruction parameter r when testing decoder implementations against these error
bounds.

C.25 Class 1HF Profile 1
C.25.1 Codestreams

The J2K test codestreams for this ETS are in the directory codestreams_profilel. The codestream names have
the formhifi pl ##.j2k, where '## is the codestream number.
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HTJ2K test codestreams for this ETS are also found in the directory codestreams_profilel, but with codestream
names of the formhifi_htl_##.j2k, where ## is the codestream number.

C.2.5.2 Reference decoded images

The reference decoded images for this ETS are in the directory reference_classlHF_profilel. The filenames
are of the form hifi_##-C.pgx, where ##' is the codestream number, 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.2.5.3 Tolerances

The maximum allowable MSF and ppak errorsare listedin Table C 8 alnng with the size of the reference decoded im ages.
Eachl TCS whose filename is of the form hifi htl ##.j2k is used for testing HTJ2K decoders, whereas eath|TCS
whoge filename is of the form hifi_pl ##. 32k is used for testing J2K decoders.
Table C.8 — Class 1HF Profile 1 reference images and allowable error
TCS Reference Resolution Depth Width Height Peak MSE
filename reduction
hifil p1_02.j2k hifi_02-0.pgx 0 12 128 128 43 80
hifi_02-1.pgx 0 12 128 128 33 62
hifi_02-2.pgx 0 12 128 128 38 72
hifi ht1_02.j2k |  hifi_02-0.pgx 0 12 128 128 47 82
hifi_02-1.pgx 0 12 128 128 36 65
hifi_02-2.pgx 0 12 128 128 42 86
NOTE - See A.1.7 for advice regarding the reconstruction parameter r when testing decoder implementations against these|error
bpunds.
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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

General

Itis r|\ot a requirement to implement or support all possible encoding modes or capabilities of JPEG 2000. However,
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cong|
defin
proc

D.2

The
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bs and capabilities are desirable for many applications. The ATSs, as described in Annex C, are used to,suppo
Epts in this subclause. It is impossible to define tests for every encoder variation. Therefore, it is left to"the us
e the tests that are appropriate for a given implementation. This subclause gives guidance based on‘the abstrag
bdures, the compliance statement, and the procedures below.

Reference decoder

reference decoder is used for the evaluation of compliance of an encoder. The reference decoder is defined in
T T.804 | ISO/IEC 15444-5. The reference decoder has been developed by.'the 1SO/IEC JTC 1/SC 29/W

cominittee for the purpose of guidance for implementers and data providers. The reference decoder should be ak

deco

D.3

fe all encoder developed codestreams that fall within reasonable limits of greoder applications.

Compliance requirement and acceptance

Itis mot a requirement for an encoder to produce any specific codestream. However, any codestream that is produced
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legal JPEG 2000 codestream. A reasonable way that this can“be verified is by decoding the codestream wit
ence decoder.

test procedure is adequate for many but not all possible'encoder implementations. The reference decoder is lin

Ime parameters (such as the number of components and component bit-depth) and may not support all possible

streams. On the other hand, the reference decoder may be sufficiently resilient to ignore codestream syntax errg
cases.

Encoding compliance test procedure

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

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

b) Encode withithe encoder under test.
c) Send the'codestream to the reference decoder.
d) Anencoder 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 wi
used.
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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.

32

Rec. ITU-T T.803 (V3) (02/2024)
© ISO/IEC 2024 - All rights reserved


https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

ISO/IEC 15444-4:2024(en)

No
Si DI Yes
A
2 s2 <
) 4
3 S3
Yes
" Nz
A
No
Yes
14
Yes
S5
No
RI R2
T.803(21)_FD.1
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12: Testsimage D2: Tested all compression parameters?
13: £ompressed codestream D3: Did decoder parse codestream without errors?
I14:-Reconstructed image D4: Is reconstructed image acceptable?
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S2: Encode image (encoder under compliance test) R2: Encoder passes compliance test procedure

S3: Modify compression parameters
S4: Expand image (reference decoder)
S5: Encoder passed this compliance test

Figure D.1 — Encoder compliance test block diagram

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

Decoder implementation compliance statement

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

E.1l General

This annex allows the decoder IUT to describe its capabilities or image quality guarantees. Each system will claim a
compliance point (profiles, Cclasses, file format) that will be used to define the compliance test procedures. Once it has
defined a profile and Cclass, the IUT will be evaluated with all ETS corresponding up to and including the profile and
Cclass being tested. Market applications may demand that a given system comply not only to a profile and Cclass, but
also fo an increase In one or more parameters (1.e., Image size, number of components, bit-depth). Subclause E.3 desgribes
the ability of systems to extend beyond the defined Cclasses for each profile.

E.2 Decoder implementation compliance statement

The flecoder IUT should select the Cclass to which it supports the given profile. The decoder IUT should also select if it
suppprts the relevant JPEG 2000 file format, which is optional. If an IUT claims compliance<te’a given Cclass,|it is
required to meet all expectations of that Cclass as defined in Annex A and the ETSs defined in Annex C. Table E.1 shows
the ICS for Cclasses, J2K profiles, HTJ2K derived sets and JP2/JPH file formats. A decoder which claims to be compliant
with|a given J2K profile shall support all J2K profiles that are subsets of the selected profile at the chosen Cclassl For
exanpple, if a system claims to be compliant with J2K Profile-1 Cclass 1, then the system shall be tested for J2K Profile-
0 Ccjass 1 and J2K Profile-1 Cclass 1. Similarly, if a system claims to be compliantwith an HTJ2K derived set, then it
shallfalso support all subsets of that derived set. For example, if a system claims.to be compliant with DS1-HM Cgclass
1h then the system shall be tested for compliance to DS1-HT Cclass 1h, BS0-HM Cclass 1h and DS0-HT Cclags 1h.
Therp is no need to show compliance at Cclass 0 when claiming Cclass 1similarly, there is no need to show compljance
at Cglass Oh when claiming Cclass 1h. However, when ETSs are defined for later Cclasses they may require compljance
with|[Cclass 1 or Cclass 1h. At the time of publication of this Recomimendation | International Standard, there is no|ETS
for {class 2 or Cclass 2h. The file format can be supported at any given profile and Cclass. Table E.1 allows an IUT to
quickly define level of compliance by marking each empty tableientry with either supported or not supported.

Table E.1 - ICS for defined.€classes, profiles and derived sets

Cclass J2K J2K HTJ2K HTJ2K HTJ2K HTJ2K
Profile-0 Profifest DSO-HT DS0-HM DS1-HT DS1-HM

Q

class 0 / Cclass Oh
class 1/ Cclass 1h
Class 2 / Cclass 2h
File Format Support
JP2 file
JPH file

Q

(@]

E.3 Extended support

This|Recommendation | International Standard defines parameters for compliance testing for two profiles, each with two
deried sets;and three Cclasses, each with a corresponding HTJ2K derived Cclass. It is expected that an IUT will extend
beyand-the minimal parameters defined by these profiles and Cclasses. Tables E.2 to E.7 allow the IUT to ¢laim
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beyond the defined Cclasses are expected to include the ability to decompress a greater image size, a larger number of
components, or a higher component depth. The ability to decode a greater image size or larger number of components is
directly related to the N, and Loogy parameters. Therefore, the Ny and Loogy Shall be extended to match the claimed image
size and components. For example, a system may want to support more components (e.g., three components) than are
required for Profile-1 Cclass 0 but does not wish to extend their system to the next Cclass. In this case, the IUT would
indicate in Table E.1 that the IUT is Profile-1 Cclass 0 compliant and would include a compliance claim of three
components in Table E.2. The increase to three components will change the values in Table E.2 to the following:
Components = 3, Neo = 144, and Lnoay = 24576 bytes. All other values would be the same for this implementation
compliance statement. It is expected that test codestreams, not defined in this Recommendation | International Standard,
may be required to test these capabilities.
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Table E.2 — Extended capabilities for Cclass 0

Parameter Cclass 0 minimum IUT extensions to Cclass 0
Size (W x H) 128 x 128
Components 1
Neb (HW/1024 + 32)C =48 (HW/1024 + 32)C =
Ncomp 64
Lbody 1/2(HWC) = 8 192 bytes 1/2(HWC) =
M 11
P Tow enough o allow 5-31 decoding of 9-7T data
B 8
TL 3
L 15

Progressions

All "basic" progressions in COD, only need decode
first progression per tile

Tild Parts Decode only first tile-part per tile
Pregincts Decode first precinct per sub-band
Table E.3 — Extended capabilities for Cclass

Parameter Cclass 1 minimum IUT extensions to Cclass 1
Siz¢ (W x H) 2048 x 2048
Components 4
Neb (HW/256 + 128)C = 66 048 (HW/256 + 128)C =
Ncorfip 256
Lbod HWC/2 = 22 bytes HWC/2 =
M 15
P 16-bit fixed point implenientation
B 12
TL 6
L 255

Progressions

Limited:only by number of levels, layers and
components

Tilg Parts Decode all tile-parts up to Neb or Loody limits
Pregincts Decode all precincts up to Neb Or Lbody limits
Table E.4 — Extended capabilities for Cclass 2

Parameter Cclass 2 minimum IUT extensions to Cclass 2
Siz¢ (W x H) 16384 x 16384
Corpponents 256
Neb (HW/256 + 128)C = 206 468 224 (HW/256 +128)C =
Ncomp 16384
Lbody HWC/64 = 230 HWC/64 =
M 30
P 32-bit floating point implementation
B 16
TL 12
L 65 535
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Table E.4 — Extended capabilities for Cclass 2

Parameter

Cclass 2 minimum

IUT extensions to Cclass 2

Progressions

Limited only by number of levels, layers and
components

Tile Parts Decode all tile-parts up to Neb Or Loogy limits
Precincts Decode all precincts up to Ncb Or Lbody limits
Table E.5 — Extended capabilities for derived Cclass Oh
Parameter Cclass 0 minimum IUT extensions to Cclass 0
Sizg (W x H), Components, ..., | Asin Table E.2 Asin Table E.2
Pregincts
Mwmhcs 11
Table E.6 — Extended capabilities for derived Cclass 1h
Parameter Cclass 0 minimum WUT extensions to Cclass 0
Sizg (W x H), Components, ..., | Asin Table E.3 As in Table E.3
Pregincts
Mwmhcs 15
Table E.7 — Extended capabilities for derived Cclass 2h
Parameter Cclass 0 minimum IUT extensions to Cclass 0
Sizg (W x H), Components, ..., | Asin Table E.2 Asin Table E.4
Pregincts
Mwmhcs 30
36 Rec. ITU-T T.803 (V3) (02/2024)

© ISO/IEC 2024 - All rights reserved



https://standardsiso.com/api/?name=b226b4188c5e8e0318b62049e5500b85

	RECOMMENDATION ITU-T T.803 (V3) (02/2024) Information technology – JPEG 2000 image coding system: Conformance testing
	1 Scope
	2 References
	Summary
	History
	FOREWORD
	CONTENTS
	3 Definitions
	4 Abbreviations and symbols
	4.1 Abbreviations
	4.2 Symbols

	5 Conventions
	6 General description
	6.1 Profiles, derived sets and compliance classes
	6.2 Decoders
	6.3 Encoders and codestreams
	6.4 Implementation compliance statement
	6.5 Abstract test suites
	6.6 Encoder compliance testing procedure
	6.7 Decoder compliance testing procedure
	6.8 Procedures for testing file format readers
	6.9 Additional test codestreams and files

	7 Copyright
	8 Compliance files availability and updates
	Annex A  Decoder compliance classes
	A.1 Compliance class parameter definitions
	A.1.1 Profile: codestream guarantees
	A.1.2 H, W, C: Image size guarantees
	A.1.3 Ncb: Code-block parsing guarantee
	A.1.4 Ncomp: Component parsing guarantee
	A.1.5 Lbody: Coded data buffering guarantee
	A.1.6 M: Decoded bit-plane guarantee
	A.1.7 P: 9-7I precision guarantee
	A.1.8 B: 5-3R precision guarantee
	A.1.9 TL: Transform level guarantee
	A.1.10 L: Layer guarantee
	A.1.11 Progressions
	A.1.12 Tile-parts
	A.1.13 Precincts
	A.1.14 MMAGB: Magnitude bound guarantee

	A.2 Compliance class definitions
	A.3 Lossless encoding and decoding

	Annex B  Decoder compliance testing procedures
	B.1 General
	B.2 Decoder test procedure
	B.2.1 Files for testing
	B.2.2 Decoder settings
	B.2.3 Output file format conversion
	B.2.3.1 Order-dependent conversions
	B.2.3.1.1 Scaling
	B.2.3.1.2 Multiple component transform
	B.2.3.1.3 Conversion to integer
	B.2.3.1.4 Clipping
	B.2.3.1.5 Bit-depth scaling
	B.2.3.1.6 Subsampling
	B.2.3.1.7 Cropping

	B.2.3.2 Order-independent conversions
	B.2.3.2.1 Component de-interleaving
	B.2.3.2.2 Endianness
	B.2.3.2.3 Sign extend to byte boundary


	B.2.4 Compare decoded and formatted components with reference components
	B.2.5 Compare error metrics with specification
	B.2.6 Reference components file format
	B.2.6.1 Header format
	B.2.6.2 Data format



	Annex C  Compliance tests
	C.1 Abstract test suite (informative)
	C.1.1 Syntax and compressed data order
	C.1.2 Arithmetic entropy encoding
	C.1.3 Coefficient bit modelling
	C.1.4 Quantization
	C.1.5 Discrete wavelet transform
	C.1.6 DC level shift and multiple component transform
	C.1.7 Region of interest
	C.1.8 JP2 file format
	C.1.9 High throughput cleanup pass coding
	C.1.10 HT refinement pass coding
	C.1.11 Placeholder passes
	C.1.12 Mixing of HT and J2K code-blocks within HTJ2K codestreams
	C.1.13 JPH File format

	C.2 Executable test suite
	C.2.1 Class 0 Profile-0
	C.2.1.1 Codestreams
	C.2.1.2 Reference decoded images
	C.2.1.3 Tolerances
	C.2.1.4 J2K test codestream descriptions (informative)

	C.2.2 Class 0 Profile-1
	C.2.2.1 Codestreams
	C.2.2.2 Reference decoded images
	C.2.2.3 Tolerances
	C.2.2.4 Additional information

	C.2.3 Class 1 Profile-0
	C.2.3.1 Codestreams
	C.2.3.2 Reference decoded images
	C.2.3.3 Tolerances

	C.2.4 Class 1 Profile-1
	C.2.4.1 Codestreams
	C.2.4.2 Reference decoded images
	C.2.4.3 Tolerances

	C.2.5 Class 1HF Profile 1
	C.2.5.1 Codestreams
	C.2.5.2 Reference decoded images
	C.2.5.3 Tolerances



	Annex D  Encoder compliance test procedure
	D.1 General
	D.2 Reference decoder
	D.3 Compliance requirement and acceptance
	D.4 Encoding compliance test procedure

	Annex E  Decoder implementation compliance statement
	E.1 General
	E.2 Decoder implementation compliance statement
	E.3 Extended support

	Annex F  Encoder implementation compliance statement
	F.1 General
	F.2 Encoder description

	Annex G  JP2 and JPH file format reader compliance testing procedures
	G.1 General
	G.2 JP2 file compliance requirement and acceptance
	G.3 Reading a JP2 file compliance test procedure
	G.4 JP2 file format test codestreams and images
	G.4.1 Test files
	G.4.2 Reference decoded images
	G.4.3 Tolerances
	G.4.4 Additional information regarding the JP2 test files

	G.5 JPH file format test codestreams and images
	G.5.1 Test files
	G.5.2 Relationship between the JP2 and JPH test files


	Annex H  Test codestreams and files conforming to Rec. ITU-T T.801 | ISO/IEC 15444-2
	H.1 General
	H.2 Extended test codestreams
	H.3 JPX test files

	Bibliography
	Blank Page



