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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
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of document should be noted.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. Details
of any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list of patent
declarations received (see https://patents.iec.ch).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
see www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

This document was prepared by ITU-T (as ITU-T REC. T.803) and drafted in accordance with its editorial
rules, in collaboration with Joint Technical Committee ISO/IEC JTC1, Information technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

This second edition cancels and replaces the first edition (ISO/IEC 15444-2:2004), which has been
technically revised. It also incorporates the Amendments ISO/IEC 15444-2:2004/Amd 2:2006,
ISO/IEC 15444-2:2004/Amd 3:2015 and ISO/IEC 15444-2:2004/Amd 4:2015 and the Technical
Corrigenda ISO/IEC 15444-2:2004/Cor 3:2005 and ISO/IEC 15444-2:2004/Cor 4:2007.

The main changes are as follows:

— Annex N ("]PX file format extended metadata definition and syntax") is deprecated;

— the Registration Authority specified in M.7, which was never created or used, is cancelled;

— signalling for HT]J2K codestreams, as specified in Rec. ITU-T T.814 | ISO/IEC 15444-15, is added;

— the RLT marker segment is added;

— references have been revised to their currently in-force editions;

— signalling for codestreams that conform to ISO/IEC 21122-1 is added;

— parameterized colourspace is added to the Colour Specification box;
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— outstanding amendments and corrigenda are consolidated; and

— the definition of the CAP marker segment was moved to Rec. ITU-T T.800 (2019) |
ISO/IEC 15444-1:20109.

Alist of all parts in the ISO/IEC 15444 series can be found on the ISO and IEC websites.
Any feedback or questions on this document should be directed to the user’s national standards body. A

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

iv © ISO/IEC 2021 - All rights reserved


https://www.iso.org/members.html
https://www.iec.ch/national-committees
https://www.iec.ch/national-committees

ISO/IEC 15444-2:2021(E)

CONTENTS

Page

R ToTo] oL T TP T PO TP P PP R PPPPPOPR 1
NOFMALIVE FEIEIENCES. ... .t teeitie ettt ettt ettt e et et e ste e s re e e teesteesteeasaeenseesseeareeeseennenanenenseensenns 1

2.1  ldentical Recommendations | International Standards.............cccccevierreerieerie e 1

2.2 Paired Recommendations | International Standards .............cocveveeiiiiieiiiieie e 1

2.3 AAItIONAl FEFRIBNCES. ... .i ittt b et b et 2

3 DL 11011 (T ]SSPSR 2
4 ADDIEVIALIONS ...ttt bbb bttt R bbb et e 4
5 (@00 011 T ] TSR 4
6 GENETAL UESCIIPIION. ...ttt et b bbbt bkt e b eb e e s e e eh e e s e e sb e et e e b e ebe et e nbeeneenreas 4
6.1  Extensions specified by this Recommendation | International Standard..............ccccccevivvivciieninennnn. 5

6.2  Relation DEtWEEN EXIENSIONS .. ..ecviieieiiiteetie ittt ettt b et e e e sbe e e sbesteesbesbeeeesbeereenrens 6
Annex A — Compressed data SYNtaX, EXIENSION .........cciuiiiieiieiie sttt see e e et ste e s ee et e e st e ste e e e e e sbeestaesraeeeeenreeas 8
Al EXtENdEd CAPADTIITIES ......eiiiiiiiiiie ettt sb e sb bbb e nbe e 8

A.2  Extensionsto Rec. ITU-T T.800 | ISO/IEC 15444-1 marker segment parameters..........ccccceevverunenne 8

A3 EXtended Marker SEBUMENTS .....viiieiieeeeiiesiieeeesteeseie e eeste e e e ssaeasteesseesseeaneeesseesaeeasaeeneeesneesneeaneeeses 14
ANNex B — Variable DC OffSEt, BXIENSION ......vueiiiiiiiiie ettt et e et e e e e e e e e s s erbe e e e s e bbb e e e e s eabeeeeesennees 34
B.1  Variable DC OffSEt FIOW........coiiiiiieiie ettt e eree e naeennee s 34

B.2  INVEISE DIC OFFSEL....cuiiiiiiiitiiii ittt b 34

B.3  Forward DC offset (INfOrMALIVE) ........oviiiiiiiiiieie et 34
Annex C — Variable scalar quantization, BXENSION ..........c.civeiieiiieiieiiese e seeseesae e saeesteesaeseeesreesreesreeeseeenreens 36
C.1  Variable scalar QUaNTIZATION .. ......oiueiiiii ittt ettt sttt 36

C.2  Variable scalar dequantization for irreversible filters ... 36

C.3  Variable scalar quantization for irreversible filters (informative)............cccccvviiiiiiiiniecs 36
Annex D — Trellis coded quantization EXIENSIONS. ..........oiie ittt e e e aeenree s 38
D.1  INtroduCtion t0 TCQ .uuiiiiieiieitiiiieeite ettt e st e sb et et este e s ke e e sbeesteeereeeseeesbeesteeaseeasbeearenaneeenseenseens 38

D.2  SeqUENCE AEfiNITION ....c.ciiiiiiiiie bbbttt et n et ne e e e 39

D.3  Forward TCQ quantization (infOrMALtIVE)..........ceiiiiiiiiiiiiie it 40

D.4  Inverse quantization (NOMELIVE).........ecueiiriiiesteeetie et steestee e et e ste et e e e steesbeesseeasbeesbeesreeaeeenaeen 41

D.5 Lagrangian rate allocation (INfOrMatiVe) .........cooiiiiiiiiieiiesie e 44
ANnex E — Visual Masking, BXIENSIONS ........couiiieiie ettt ettt sttt ettt et e seeesbeesteeeneeesbeesreeereeasaeasaeeas 49
E.1  Introduction to visual masking (INfOrMAatIVE) ...........ccceviriiiiiiiei e 49

E.2  Point-wise extended non-linearity (infOrmative) .........cccooveiiiiiieiic e 49

E.3  Decoding With VISUAl MAaSKING ......cccoviiiiiiiieiic et et re e reenneas 51

E.4  Encoding with visual masking (infOrmative) ..ot 52

E.5  Setting parameters (INfOrMAaLIVE).........cocioiiiiiiiii i 52

E.6  Compatibility with other technologies (INfOrmative) ............cccocvveiieiie i 52
Annex F — Arbitrary decomposition of tile-components, EXENSIONS. .........coviiiiiiiiiiiiiec e 53
F.1 o WaAVEIEE SUD-DANGS ... .o ettt b ettt et e e 53

F.2  Equation, text and decompoSition UPALES.........ccueiueeiieiieiie e se e re e 54

F.3  Inverse discrete wavelet transformation for general decompoSItions ...........ccocceiceeiiiieneenee e, 63

F.4  Forward discrete wavelet transformation for general decompositions (informative) .............cc.c........ 70
Annex G — Whole-sample symmetric transformation of images, eXteNSIONS. .........ccoivveiiiiiieiieie e 77
G.1  Wavelet transformation parameters, definitions and normalizations.............cccceeevviivieineenieninennnn, 77

G.2  Whole-sample symmetric (WS) wavelet transformations reconstruction ............ccceeevvvvivercnesnnnnnn. 77

G.3  Whole-sample symmetric (WS) wavelet transformation decomposition (informative) ..................... 80

G.4 Examples of WS wavelet transformations (informative) ...........cccoceeiiiiiiniiniciiicee e 82
Annex H — Transformation of images using arbitrary wavelet transformations .............cccccvveiiiiie s 85
H.1  Wavelet transformation parameters and NnOrmalizations .............c.cccovveeiiiiiiinienie s 85

H.2  Arbitrary (ARB) wavelet transformation reconstruction proCeaures...........ocevvererieneneeiienesieennens 86

H.3  Arbitrary (ARB) wavelet transformation decomposition procedures (informative).........c.ccccevveneenne 91

H.4  Examples of ARB wavelet transformations (informative) ...........cccocoveiiiiiieiie s 94

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) v



ISO/IEC 15444-2:2021(E)

Page

Annex | — Single sample overlap discrete wavelet transform, eXtenSIONS ...........c.ooeiiiiiiieiie i 98
.1 Introduction to single Sample OVErlapPiNg.........cooiiriiiriiieiieie e 98

.2 The code-block anchor points (CBAP) eXIENSION ........cccveiieiieiiece e e e 98

1.3 THE SSO EXIENSION ....vevvieieieeiicie sttt r e r e nr e s 101

1.4 THE TSSO EXIENSION ...ttt sttt r bbbttt b bt n s 109

.5 Combining the SSO and TSSO extensions (INFOrMAtIVE) ..........ccovrveiiriiiiniee s 111
Annex J — Multiple component transformations, EXIENSION ..........c.eoiiiiiriiiiiie et 112
J.1  Introduction to multiple component transformation CONCEPLS .........ccvvrviriiiiiriiiiiiiiie e 112

J.2  OVErVIEW OF INVEISE PrOCESSING ....veiveeieiitiiiieitiitiete sttt sttt b e bbb bbb b e 112

J.3  TrANSTOIMALIONS. .. v 118
Annex K — Non-linear transformMAatioN...........coo ittt bbb sre e nae s 128
K.1 Signalling the use of the non-linear transformMations............ccovveiieiieiiie s 128

K.2  Non-linear transformation SPeCIifiCatiONS...........cuoiiiiiiiiiiii e 129
Annex L — Region of interest coding and exXtraction, EXENSIONS ............ciuiiuieiieiieniee et seee s 133
L.l DeCoding OF ROI .....coiiiiiiiiieie ettt ettt ettt et b e e s be e e se e e ebe e sbeesbeeebeenbeea 133

L.2  Description of the Scaling based Method............ccooiiiiiiiii 133

L.3  Region of interest Mask GENEIATION ..........uiviiiiiiiiiiie e e bbb 134

L.4  Remarks on region of iNtereSt COAING ......cciuiiiiiiiiiieiiiee e see e te e re et e et e e e e sra e eeenreens 138
Annex M — JPX extended file FOrMat SYNTAX.........ccuiiiiiiie st e e e e eenneenreeas 139
I R e 1= (o] g P oo o= TS OU USSP 139

M.2  INEFOTUCTION 10 JPX ... ettt bbbt ettt ne e 139

M.3  Greyscale/Colour/Palette/multi-component specification architeCture ...........c.ccocovvvveieninienicnienn, 142

M.4  Fragmenting the codestream between one or MOore files ..o 143

M.5  Combining MUILIPIE COUESIIBAMS ........cciiiii ettt e et e e e e sreeeaeenreens 145

M.6  Using reader requirements masks to determine how a file can be used ............ccocevvivieviiii e 149

M.7  Extensions to the JPX File FOrmMAL.........c.ooiiiiiii e 156

M.8  Differences from the JP2 binary definition...........cccviiiiiiiiiii 157

/I T o g1 0] 1T T o= USSR 157

M.10 Key to graphical descriptions (INfOrMAtiVe) ...........cceeiieiiiiiiiiii e 161

M.L11 DEFINEU DOXES. ....eeeeiiiieitieie ettt bbbttt e bbb e nn e ne e 161

M.12 Dealing With UNKNOWN DOXES...........ciuiiiiiiiiiieiiiiesiesee skttt be e nee e 210

M.13 Using the JPX file format in conjunction with other multi-media standards (informative)................ 211

M.14 Decomposing an XML document into MUItiple DOXES.........cccvueiieereiiiieii s 211
Annex N — JPX file format extended metadata definition and SYNtAX ..........cccceiiiiieiiiiiiciiee e 213
N.1  Introduction to extended METAAALA ..........cvieirirreiieec e s 213

N.2  Additional references for extended Metadata.............ceevirieiiiiiiiiiee e 213

N.3  Scope of metadata definitioNS ...........cccoviiiiiiiii e 213

N.A  METAOALA SYNTAX ... eitiiiiitiitiet ettt bbbt bbbt bbbt e et s et st e b e 214

N5 DEFINEA DOXES.....coeiieeiiiiiiiiere e 215

N.6  Metadata defiNITIONS .........cccviiriiiii e e 217

N.7  Fundamental type and element definitions .............cooiiiiiiiiiii e 246

N.8 JPX extended metadata document type definition ............cooviiiiiiiiiiiii e 264

N.9 JPX extended metadata XML SCREMA .......cuiiiiiiiiiiiiiie e 275
Annex O — Examples and guidelings, EXIENSIONS ..........ccviiiiieiiiiieie et sr e nne s 293
0.1  Arbitrary decompoSition EXAMPIES........ccviiiiiiiieieeiee s sr e e e sre e e e be e e e e sneas 293

0.2  Odd Tile Low Pass First (OTLPF) CONVENTION ........ccceiiiiiiiieieecie et e et see e 314

0.3 Multiple component cOlleCtion EXAMPIE. .......ccuiiiiiiiiiie e 315

0.4  Background to enhancement of QUANTIZALION ...........c.oiiiiiiiiiiie e 325

0.5 Wrapping JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) Codestreams by the JPX file format... 326

0.6  Representing floating point numbers within JPEG 2000...........cccoiviriieneeniee e e e e 328

0.7 Working with ROI DeSCIIPLION DOXES .......ccueiiiiiiiiiitieiiie sttt sttt 329

Vi Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved



ISO/IEC 15444-2:2021(E)

Page

ANNEX P — BIOCK COUBT EXIENSIONS. .....eitiitii ittt ettt ettt ettt sttt sb e sttt h e e bt e sb e e st e e enb e e sbeesbeeeneeenbeenbeeas 331
P.1  Selective arithmetic coding bypass (1azy MOde) ..........cocveiiiiiiiiiiiie e 331

P.2  Enhancement of selective arithmetic coding bypass (fast mode) .........ccevevienienieiien s 331

2T 0] T T [T ] 0TSSP 333

List of Tables

Table A.1 — Syntax SUPPOIt FOr EXEENSIONS.......c.viitieiiitieie ittt ettt ettt sttt nb ettt nbe e 8
Table A.2 — Capability RSiz parameter, XIENAE..........couiiiiieieiiee et 9
Table A.3 — Start of tile-part parameter values, eXIENUE ..........oouiiiiiiii e 9
Table A.4 — Number of tile-parts, TNsot, parameter value, eXtended .............cocoeeiiiriiiiiieciie e 9
Table A.5 — Coding style parameter values for the SCOd Parameter..........ccccvveiiieeiiiiiee e 10
Table A.6 — Coding style parameter values of the SGCOd PAramEeter ..........ccceiveeiiiiiieiie e 10
Table A.7 — Coding style parameter values of the SPcod and SPcoc parameters, extended............ccccevevevvevieinene, 11
Table A.8 — Multiple component transformation for the SGcod Parameters .........cccovvvvveiiie e ve e 11
Table A.9 — Decomposition for the SPcod and SPcoc parameters, eXtended ............coocveverenieneniene e 11
Table A.10 — Transformation for the SPcod and SPcoc parameters, extended ............ccoceeieeiieiieiieenie e 11
Table A.11 — SSO parameters, EXIENARA .........oiuiiiiiie ittt ettt e sbe e e e sbe e b e sbbesnne e 12
Table A.11biS — SXCOU PAFAMELET ......cvieivieiieiie ettt e st et e et e e e e s et e e te e s tb e e be e be e s teessbeasbeesbeesseessteesteesseesneeaneeenes 12
Table A.12 — Quantization default values for the Sqcd, Sqcc, Sqpd, and Sqpc parameters, extended...................... 13
Table A.13 — Quantization values (irreversible transformation only), extended...........cccocovvvriiiiieniniene e 13
Table A.14 — SPqcd, SPqcc, SPqpd, and SPqpc parameters (irreversible transformation only), extended................ 13
Table A.15 — SPqcd, SPqcc, SPqgpd, and SPgpc parameters (irreversible transformation only), extended............... 14
Table A.16 — Region-of-interest parameter values for the Srgn parameter..........ccccoviieiieeiie e 14
Table A.17 — Component index parameter value for the Crgn Parameter .........cccocveiieeiiie e 14
Table A.18 — Region-of-interest values from SPrgn parameter (Srgn =21 0r Sfgn = 2) ....cccveeviievieciecie e see e 14
Table A.19 — List of markers and Marker SEQMENTS .........eiviviiuiiiieiie it ee e e e se et e e teesneesneeanee e e 15
Table A.20 — Variable DC offset parameter VAIUES ... 16
Table A.21 — Variable DC offset parameter values for the SACO parameter ..........ccocevveierinien e 16
Table A.22 — Visual masking Parameter VAIUES ...........couiiiiiiiiiiiii ettt e e snee e 17
Table A.23 — Component parameter value for the CVMS Parameter...........cocuvieiiieiiiiie e 17
Table A.24 — Visual masking for the SYMS Parameters ............coiiiiiiiiieiie et 17
Table A.25 — Downsampling factor styles parameter VAIUES ...........cvocveiieiiieiie et 18
Table A.26 — Arbitrary decomposition styles parameter VAIUES...........ccovvevieiieeiee i e 19
Table A.27 — Arbitrary transformation parameter VAIUES. ...........oooiiiiiiiiiie e e 20
Table A.28 — Arbitrary transformation values for the Satk parameter..........c.ccooevieiiiiiiciieer e 21
Table A.29 —Component bit depth definition parameter VAIUES ...........ccooiiiiiiiiiiie e 22
Table A.30 — Component bit depth definition values for the Nchd parameter..........coccoveiieeiiniie i 22
Table A.31 — Component bit depth definition values for the BDchdl PArAMELEN ....vveiieeie et 22
Table A.32 — Multiple component transformation definition parameter ValUes............ccooevereinieneic e 23
Table A.33 — Multiple component transformation definition values for the Imct parameter............ccccceieiieineene 23
Table A.34 — Multiple component collection parameter VAIUES ..........cccveiviiie e et 25
Table A.35 — Multiple component collection values for the Xmccl PArAMELET ...t 25
Table A.36 — Multiple component collection values for the Nmccl PArAMELEN . .evve e 25
Table A.37 — Multiple component collection values for the Mmeccl PATAMELEN ...cvietie et 25

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) vii



