INTERNATIONAL ISO/IEC
STANDARD 15444-2

First edition
2004-05-15

Information technology — JPEG 2000
image coding system: Extensions

Technologies de l'information — Systeme de codage d'image
JPEG 2000: Extensions

Reference number
ISO/IEC 15444-2:2004(E)

L . © ISO/IEC 2004




ISO/IEC 15444-2:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© ISO/IEC 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO/IEC 2004 — All rights reserved



ISO/IEC 15444-2:2004(E)

CONTENTS
Page
1 N TeTe) oL OO O PROPRPPR 1
2 RETETEIICES ...ttt ekt b e e bt b e a e s et et e e b sb e ebeebtes b et e b e nbesaeebeenean 1
2.1  Identical Recommendations | International Standards ............coceoveverieeienininininenccececeeee 1
2.2 AddItioNal TEIEIEIICES ...c..eueitiniiieriisteeteeiteit ettt ettt ettt et sb ettt et a et be bt bt e st et eaentenbenaeas 2
3 DIETINITIONS ...ttt ettt h bt bt ea et et s bt bt e bt e bt eb b et et et sb e bt bt ea b et et e bbbt eaeen 3
4 YN o] o) 1374 1 (o) s -SSRSOt 4
5 72 881010) OSSR SUPRPRR 4
6 GENETAl AESCTIPLION. ... eeutiietieieietieete et et et e et et e steeteeteeteeeteesbeesseesbeessesssesseesseesseessesssesseeseanseenseessesssesssesseennes 5
6.1  Extensions specified by this Recommendation | International Standard...............cccoovevvevirecienienenne. 5
LT 0 B ¥ 11 - QOO SO PSR TPRPPP 5
6.1.2  Variable DC OffSEt ........ccuiriiriiiiriiiiiieieeeee ettt e 5
6.1.3  Variable scalar qUaNtiZation ...........ccuevierierieeiieeiesiesie et eeeeee st eeesteeaessaesseeseeaesnnesneenns 5
6.1.4  Trellis coded qUANTIZAtION ........c.eecveeeieriieieeite e ete et eee ettt esteeaessaessaesseensesnsesnnesneenns 5
6.1.5  ViSual MASKING......coiuiiiiiiieiieieetiee ettt ettt ettt et e et b ettt e ae 5
6.1.6  Arbitrary deCOMPOSITION ....c.uieuiiieieiieiieie ettt et ee b e sbeeteeaeeneeeneene 5
6.1.7  Arbitrary wavelet tranSformation ..........cccoeiieiiriirienieeee e 6
6.1.8  Single sample overlap discrete wavelet transformations.............ccceeererenenenenenceeeeene 6
6.1.9  Multiple component transformMatioNs ............cc.eevuieeieierrierieeiieeee et esreesreeaeereeeree e esreeseens 6
6.1.10  Non-linear tranSfOrmMatioN .............eoireiieirie ettt eee e ee e eaeenes 6
6.1.11  ReZION OF INEEIEST ......eietieiieiieiieieeiereese et et e ete st e ste et e e b e e sbeetaesbeeseesbeessessaesssesseessessnesseanns 6
6.1.12  File format.. £ AT A B T R I 2 T T T et 6
6.1.13  Metadata defInitions. . ... o e 6
6.2  Relation between extenSiONS 1w 4o cp gt re B o li 3B B 7
Annex A — Compressed data SYNtaX, EXEENSION ......ccuieruirreriertietierteeitestesetesseeseetesseesseeseasseessessaesseesseessesnsesssessenns 8
Al Extended capabilities ............. i 4o 3 hirde eeneenseenseenseanaesseesseesseeasesnseseesseesseesseenseensesssesneens 8
A.2  Extensionsto/ ITUAT Ree:[T:800 [ ISOAEC: 154441 imarker segment parameters ...........coceeeeveennenee. 8
A.2.1 Image and tile 8ize/(SIZ); eXteNded. . 5 dd. 220 e eeeeree ettt et 9
A.2.2  Start of tile-part (SOT) eXtended........ccceiiirieriei et 9
A.2.3 Coding style (COD, COC), eXtended.........ccceriruiririeieieieeie sttt 10
A.2.4 Quantization (QCD, QCC), eXtenNded ........ccceevvierieiiiieiiierieeie ettt sre s 12
A.2.5 Region of interest (RGN), eXtended...........ccveviiriieiinieriieiieecie e 14
A3 Extended marker SEZMENLS.........c.ecieriieriieciiiieiieseesteeteeteseee st esteebeeseesseesteesseessesssessaesseessesssesnsessnens 15
A.3.1  Variable DC offSet (DCO) ....uiiiiiiiiieiieiteieeteee ettt eesaeeseesaessaesraesseensaessesssens 15
A3.2  Visual MasKINg (VIMS) ..oouriiiiiieiieciece ettt ettt st sbe e e e e sraesseensaenseessens 16
A.3.3 Downsampling factor styles (DFS) ......cccooioiiiiiiiceceee et 17
A3.4 Arbitrary decomposition Styles (ADS)......cocoieciieierieieeee e 18
A3.5 Arbitrary transformation kernels (ATK) .....ccoecuirierieiieieeie et 19
A3.6 Component bit depth definition (CBD)........ccooiiiiiiiiiieieeeseeee e 21
A.3.7 Multiple component transformation definition (MCT) .......cceevieiiriiiieiieieececeeeee e, 22
A.3.8 Multiple component transform collection (MCC).........ccouevuieviieiiieeiienieeie e 23
A.3.9 Multiple component transform ordering (MCO).........c.coueriiiiriniiieieieiee e 26
A.3.10 Non-linearity point transformation (NLT) ........ccceceeieiiniiiiiiseeeeceee e 27
A.3.11 Quantization default, precinct (QPD).....cc.ievieiiiiieiecieieeieee e 29
A.3.12 Quantization precinct component (QPC) ........c.occueeiiriiriieiiieie et 30
Annex B — Variable DC OffSEt, EXTENSION .......oovuvviiiiieieiiiiieeeeeee ettt eee e e e e e e e et e e eeaaeeeeeaaeeeseaaesesennreesaaeeesans 33
B.1  Variable DC 0ffSet flOW ......cciiiriiiiiiiiieensercee ettt ettt s 33
B.2  INVEISE DIC OFFSEL ...eueeiiiiiiiiietct ettt ettt st ettt st 33
B.3  Forward DC offset (InfOrmative) ..........c.oeieriieiiieiieie ettt ae e sseesesnnesnne e 33
Annex C — Variable scalar qUantization, €XtENSION .........c.eeverreertieriereestereeseeeteeteseesseeseesseessesseesseesseessesssesssesssenns 35
C.1  Variable scalar qUANTIZAtION .........coutertieiieieet ettt ettt ettt et e et e e eseeeseesseeabeenteenseeneesnnene 35
C.2  Variable scalar dequantization for irreversible filters ...........coceriiiieiiiiiieeee e 35
C.3  Variable scalar quantization for irreversible filters (informative) ..........cccceveeviieiieierieneereeee e, 36

© ISO/IEC 2004 — All rights reserved iii



ISO/IEC 15444-2:2004(E)

Page
Annex D — Trellis coded quantization EXIENSIONS .........coeeerereeterterterentinenieeitetetetestesresaesre et eseesseeensensensessesseene 37
D.1  Introduction t0 TCQ .....ciuiiiiiieie ettt ettt ettt et e e e b e s bt e bt eaesmeeseeesaeeneeenee 37
D.2  Sequence defiNItion ........ooiiiiiiiieii ettt ettt ettt ettt et ettt et et et e e et 39
D.3  Forward TCQ quantization (infOrMAatiVe) ..........ceoieruiiiierieniieie ettt et 39
D.4  Inverse quantization (NOTTNATIVE) ......c..ceiereerreerreerrerreieesreesseesseeaesseesseesseesesssesssesssesseessesssesssessessasns 41
D.4.1  Full TCQ dequantiZatiOn..........c.cceeruieuieieiiesriesieereeseeeseseesseesseessessesssesseesseessesssesssesseessenns 41
D.4.2  Approximate dequantiZation ............c.ecverviervieieeiesieesreesseeseseeseeesseesseesseessesssesseesseessessesssens 43
D.5 Lagrangian rate allocation (infOrmMatiVe)..........ceecueriereerieeniieieieereesreereereeeeesteesseeaeeaesseesreesseeseenns 44
Annex E — Visual Masking, EXIENSIONS. .......ccueeveriertieieeteetentesteesseestesteseesseesseesseessesssesseessesssesssessesssesssesssesssesssenns 49
E.1  Introduction to visual masking (INfOrmative)...........ceceeoieiininieninininieieeee e 49
E.2  Point-wise extended non-linearity (InfOrmative)..........ccccoevererinerieeienienienenesene et 49
E.3  Decoding with Visual MAaSKING ........cccuieiiiiiiieiieie ettt sse et eesneesneenne 51
E.4  Encoding with visual masking (informative) ...........ceccecverierenininineninieectenesese e 52
E.5  Setting parameters (InfOrMAtIVE)......cc.couiviririririeieictene sttt sttt ettt se et ae e b 52
E.6  Compatibility with other technologies (informative) ...........ccocererereririenieneninenereeceeereeeie e 53
Annex F — Arbitrary decomposition of tile-components, eXtENSIONS. ........c.eevvieerrierieriierieeeeeeeseeieeae e seeeseeeneeenes 54
F.1  Wavelet SUD-DANMS .......ooiiiii ettt st s 54
F.1.1  Tier 1: Number of decomposition 1€Vels...........ccceiieiiiiiiiiiiiiiereee e 54
F.1.2 Tier 2: Resolution fOrmation ...........ccoceeieieienienieniesiceteeie ettt 54
F.1.3  Tier 3: Sub-level deCOMPOSItIONS.......ccueevieiierieriieiietieiesteseesteereeaeseeesreesseesseesseessesssesseens 54
F.1.4  Tier 4: Horizontal and vertical splits to variable sub-level depths.............cccccvvevvieienienneennn. 54
F.1.5 Complete sub-band NOtAtION ...........cceeruriruieiieiiiiesiieeeeie ettt eneesseseseeeaenseeseenseensessnens 55
F.1.6  HorOrient, VerQtient and PrimeOrient/sub=band operators,.../.. L. il /W eeeeieieeeieeieies 55
F.2  Equation, text and decoOmMpOSition UPAALES ..oi..ccvverisereecinrereisieeereesirnereeseesseesseessessessaesseesseessesssessaenes 55
F.2.1  Updates to N7 LL references<i. il il L e Ll a il 56
F2.2  CONeXt UPAALES....cuirtiiiriiiiieiieiietetete ettt ettt sttt ettt ettt ne e ebe e 56
F.2.3  Extension to ITU.T Rec. T.800 . ISO/IEC; 154441, Equation B-14.........ccccccoveninininnnnn. 56
F2.4  Remaining UPAates. . i seatsosidromderlesasehmrrbomechesesrs fopads o debamns bl b ) ARt srpapagms e+ e e setesstenseensennes 57
F.2.5 Updates to deCOMPOSItION; SHCIUIE 1.3 fiesewraree e frisfysesshe 3 6r emeesmeervesnvesmeesmeesseensesnseeseseesseens 61
F.3  Inverse discrete wavelet transformation for general decOmMpOSItioNS. .......cceerueerierierieiieneenieeeeeene 66
F3.1  Modified IDWT PrOCEAUIE .....cceeieeiieieiieiieeieeeieettete et eteetesiee st eve v ssaesreesaeenseesseessesssessaens 67
F.3.2  Modified 2D SR ProCEAUIE .......ccviiuieiieiieiiietieeteeie ettt ste et esae e e saeebeesseessesssessaens 68
F.3.3  Modified 2D INTERLEAVE Procedure ...........cceeieviieriieiieieiieseenieeie e eenesveesseesseenneas 69
F.4  Forward discrete wavelet transformation for general decompositions (informative)............cccecveeueenne 73
F.4.1  Modified FDWT ProCedure..........ccoeeieriieriieiieiieiesieeieeieeee et steeaessnesseesseesseesseessessnensaens 73
F.4.2 Modified 2D _SD ProCEAUIE.......cccvertieiieiieeieeeieeiieie et eieete s e steetesvesae e esaeenseesseessessaeseens 74
F.4.3 Modified 2D _DEINTERLEAVE Procedure...........cccoveeieeiieiienienieesie et eve e 75
Annex G — Whole-sample symmetric transformation of images, eXtENSIONS ........ccceeeeverierienenieneneneeeeeeeereneennes 80
G.1  Wavelet transformation parameters, definitions and normalizations ...........c.ccceeverererenenrerereeeenes 80
G.2  Whole-sample symmetric (WS) wavelet transformations reConstruction ............ceceeveereeereeneeneeneenne 80
G.2.1 Normalization of WS wavelet transformations ............ccceereeeerrenienieneere e 80

G.2.2 One-dimensional sub-band reconstruction procedure for WS wavelet
ALANSTOTIMATIONS. .....ceuteiteeete ettt ettt ettt bbbttt e e et e st e besbeebeeneententeneeenes 81
G.3  Whole-sample symmetric (WS) wavelet transformation decomposition (informative)...................... 84
G.3.1 The 1D_SD WS procedure (infOrmative) ..........cceeeeeeuireeiierieenieesie e eeveeene e 84
G.3.2 The 1D _FILTD WS one-dimensional decomposition procedure (informative) .................. 84
G.4 Examples of WS wavelet transformations (informative) ............ccoecueeeieeieniienieceeie e 86
G.4.1 Reversible WS wavelet transformations (WT _Typ = REV) (informative) ............ccecvervrnnnn. 86
G.4.2 Irreversible WS wavelet transformations (W7 _Typ = IRR) (informative)............ccoecvervrnnen. 87
Annex H — Transformation of images using arbitrary wavelet transformations...........ccccocceevverereeieriencncnicnenenne. 89
H.1  Wavelet transformation parameters and normaliZations ..........c.cceceeeereerieneneneneneereesreneeneneseseeneen 89
H.1.1 Normalization of ARB wavelet transformations...........c.ccocceererieniinienienieeeeeeceseeee 89
H.1.2  Compatibility of ARB and WS wavelet transformations ............cccceveeveeieniienieneeneeeneens 89

iv © ISO/IEC 2004 — All rights reserved



ISO/IEC 15444-2:2004(E)

Page
H.2  Arbitrary (ARB) wavelet transformation reconstruction procedures ...........coooveveereererieereeneeneenenns 90
H.2.1 The extended 1D SR _ARB PrOCEAUIE ......cc.eeiuiriiriiiiiieiieie ettt 90
H.2.2 The 1D _SCALER PrOCEAUIE .....ccceeiuiiiieiieiieiie ettt sttt ettt ne e e 91
H.2.3  The 1D _STEPR Proceaure. ......c.ccoiiiiiiiiiieiieieeeee ettt 92
H.2.4  EXtension PrOCEAUIES ........ccuevuiiuiriietiiiieiieieiete sttt ettt sb et eae et et et e e sbesbesbeeaeeneens 92
H.2.5 One-dimensional reconstruction update filtering procedures.............ccocerererenereeeeneenuenens 94
H.3  Arbitrary (ARB) wavelet transformation decomposition procedures (informative) ............ccceevennenns 95
H.3.1 Extended 1D _SD_ ARB procedure (informative) ..........ccceevveveenieniieciiiiecieneere e 95
H.3.2 The 1D_STEPD procedure (infOrmatiVe) ..........cccveevereierierienienieeieeeeeseesseesieeseessesenessnensens 96
H.3.3  Extension procedures (InfOrmMatiVe) ...........ecvveriieireiienienienieeieesteseeseesieeseeseessesssessaesseensens 97
H.3.4  One-dimensional decomposition update procedures (informative)...........coceeveverereeccenenne 97
H.3.5 1D SCALED procedure (infOrmative) .........cccceueeieeeienienieniinienieneeeeeetentesieseseeeieeeennenens 98
H.4  Examples of ARB wavelet transformations (informative) ..........cccccoevererenericeiencnenicnenenceeeeene 99
H.4.1 Examples of arbitrary wavelet transformations (Filt Cat = ARB) (informative) ................. 99

H.4.2 Example of a structure for lifting implementation of half-sample symmetric wavelet
transformations (INFOIMALIVE) .......eccviiiiiieeiiii ettt st s eebee s beesanee s 101
Annex I — Single sample overlap discrete wavelet transform, eXtenSions ..........cecueevereereerieeiieeieneeeee e 103
I.1 Introduction to single SamMpPle OVETlaPPING .....cc.evviriiriiiiiieiieieieee e 103
1.2 The code-block anchor points (CBAP) eXteNSION .......cc.ievieiirierrieiiereeiesieesieesreereseeeseeesreesaeesneesnens 103
1.2.1 Division of resolution 1evels in PreCinets........oiverieeeieecieieiiieseeie et 103
[.2.2  Division of the sub-bands into codeblocks..........ccceririiiiriirininiiineeeeeeeee 104
1.2.3  Resolution level-position-component-layer progresSion...........eeueeeververeenreerveevesvesseesseennens 105
[.2.4  Position-component-resolution level-layer progression..........ccoceveeeeceevienienenienenenieeeenens 106
[.2.5  Component-position-resolution leyel-layer progresSionE ./ e e e eereerrereneneneeeneeeenens 106
1.3 The SSO EXtONSIOM ... .. e ettt 107
3.1 Single sample overlap,inverse.discrete wavelet transformation (SSO-IDWT) ........ccceee.ee. 107
132 Single sample overlap forward discrete wavelet transformation (informative) .................... 110
133 Selection of single sample overlap parameters (informative) ..........ccooceeveeneerereeneeneeeenne 112
134 SSO examples (informative)..L o LUl e 113
[.4  The TSSO extension .. Lol GO SENaarcs sy oeld OG- Gl 0-40d3-36CC: . ..., 115
L.4.1 Signalling for the TSSO L0/ 000 LAt 115
1.4.2  Partitioning of the image into single-sample overlapping tiles ...........cocevveririrenieerieneenne. 115
[.4.3  Reconstruction of images samples from reconstructed tiles ...........coevevenenineneniceieneennenn. 116
L5 Combining the SSO and TSSO extensions (INfOrMAatiVe) ..........ccveeveerreeierieriereesie e seesee e esneeeeens 116
Annex J — Multiple component transformations, EXIENSION. ..........eiverurerreerteerrerrerteesreesseessessessressaesseesseessessesssesssenns 117
J.1  Introduction to multiple component transformation CONCEPLS........evevvererereeeeieniineneneneeceeeeennes 117
J.2 OVerview Of INVEISE PIOCESSINE ..ccuveurirtinieriiriirieeiteitetententesteetesueeteeseenteteseestesaesbeeateneessensensensesresaeenees 117
J.2.1  Inverse multiple component transformation (MCO_TRANSFORM).......ccccoceverinenenennene 118
J.2.2 Multiple component transformation stage (MCC_TRANS) .....cccooiiiiniiniiiiccieeeeee 119
J.2.3  Transformation component collection (CC_TRANS)....ccoooiiiiiiiiiiieieeee e 121
J.33  TTanSTOTMATIONS ...oouviiiiiiiitieie ettt ettt ettt ettt st e st e bt et e et e st e eb e e ebe e beenbeemteemeesbeenbeeseeneeeneeas 123
J.3.1  Array-based tranSformS ... ....ceevuiiciiiiiiieciieieeie ettt et b e nbeeareas 124
J.3.2  Wavelet-based transformation...........c.eoereririiiiiiiieieee et 132
Annex K — Non-linear transformation ..............couereriiiiiiieeieee ettt ettt ettt et e et et e b et sbeeeeeseenean 134
K.1  Signallng the use of the non-linear transformations.............ceccveruieriieciieieniesieseee e 134
K.1.1  Decoded component reCONSIIUCTION ........c.eervierieeireierrerieesseesaeessesreseeesseesseesseessesssessaesseesses 134
K.1.2  Bit depth and interaction with the multiple component transformation..............ccceeevereeennen. 134
K.1.3  Marker interPretation .......ecueeieeierieieeieeieeeiestcesteeteetesteseee st esseeeeeneeeneesseenseenseensesssesseensens 135
K.2  Non-linear transformation SpeCifiCations ...........ceecerierierireiiieieeieseee ettt ne 135
K.2.1  Gamma-style NON-INEATitY........ccccueriiriiririnieninietetetetetese sttt s eanene 135
K.2.2 LUT-style reverse non-linearity transformation............c.cceeeeeierienienienieieeeseeeeee e 137
Annex L — Region of interest coding and exXtraction, eXteNSIONS. .....c..eerueeruerierierieie e eeesteete et ee e 139
L.1 Decoding Of ROL.......couiiiiiiiiieieeit ettt ettt st sve b e sbeetbestsesta e beesseesseessessaesseenseensessnenns 139
L.2  Description of the Scaling based MEthod .............ccoviiiiiiiiiiciiceeceee e 139
L.2.1  Encoding with ROT (infOrmative) ........c.cccueeieriieiiieiieieiie sttt senesaees 139

© ISO/IEC 2004 — All rights reserved Vv



ISO/IEC 15444-2:2004(E)

Page
L.3  Region of interest Mask ENEeration ...........c.ecierieerierieriereerie et etes et eete et eeeeseseesneesneeeeenes 140
L.3.1 Rectangular mask generation on the reference grid.........c.ccoooerieriiniiiiniinieeeeeeeee 141
L.3.2  Elliptic mask generation on the reference grid..........cccoeoeriiiiiniiiniiii e, 141
L.3.3 Region of Interest mask generation of whole-sample symmetric filter banks ...................... 142
L.3.4 Region of Interest mask generation of arbitrary optional filter banks............cccccocerervinencnne 142
L.3.5 Fast generation of a rectangular mask (informative)...........cccoeoerereeienienienenene e 143
L.4  Remarks on region of interest COTINE.......cc.cviirrieriiiiiiieiieete ettt et aeeee e teesbeesbesaesseesreesaeesseenns 145
L.4.1  Usage together with Maxshift method described in ITU-T T.800 | ISO/IEC 15444-1 ......... 145
L.42 Multi-component remark (InfOrmative) ..........cocveriieiiiecieniieiiereee et 145
L.43 Implementation Precision remark (informative) ...........ccceevuerierieenirsieiiesieseee e 145
Annex M — JPX extended file fOrmat SYNTAX ........ceevuerieririririnineet ettt ettt sttt see s 146
LY R O (e o] 4 L AT 0] oL PSS 146
M.2  Introduction 10 JPX . ...ooii ittt ettt ettt ettt ettt ne e neeeneenneeneenes 146
M.2.1  File identifiCatiOn ..cc.eeeieiiiieieitiee ettt st sttt et eaeeeaeenbens 146
M.2.2  Fil€ OTZANIZATION ....eotiiiiiiiieiieiiie sttt ettt ettt ettt s bt e be bt et satesaee et et e enteeneeeneenseans 146
M.2.3  Greyscale/Colour/multi-component SpecifiCation...........ccereererrerienierierieeie e 147
M.2.4  Specification of opacity INfOrmation............c.cccveviieeiiiciiiieiiereeee et 147
ML2.5 MELAAALA ..eeiieiiiieieee ettt e h et a ettt b e bt bt n e n et e nbe e 147
M.2.6  Storage of a codestream Within JPX ...........ccccciiiiiiiiiiiiiiicee e 147
M.2.7 Combining multiple COAESIIEAMS ...........ccviriieieriieiieiieie et cee sttt eseeseesseeesessaens 147
M.3  Greyscale/Colour/Palette/multi-component specification architecture ............occvevvveeerceercvereeneenennn, 148
M.3.1 Extensions to the Colour Specification box header..........cccceevvereieriienienieieeeeeeeeeee 148
M.3.2 Extensions to the Enumerated method ............ccooveiiieiiiiiiniiieieee e 148
M.3.3  Any ICC method .5, £t i e B Tt e e oo T oo BB o0 B0 0 Fe BT 100 T e 148
M.3.4 Vendor Colour method-......4 . L L s 148
M.3.5 Palettized COlOUL.......... i riaderonerne s Furoenme s see e Sedhesne Faneeesmt e b ce et eteeneeseeesteeseeenteeneeeneesneeseeans 149
M.3.6  Using multiple methods.. .. e, 149
M.3.7 Interactions with the decorrelating multiple component transformation.............cccceeeerennen. 149
M.4 Fragmenting the codestream between one‘or morefiles .Uk i 149
M.5 Combining multiplefcodestreams S G0N naa s nl De s L0e Al 0-40d3-acces..........vveene.e. 151
M.5.1 Mapping codestreams to'compositing layers ... el e, 151

M.5.2 Sharing header and metadata information between codestreams and compositing
LAYETS oottt ettt ettt e e b e et e et e e tteete e teenseenbeesbeera e saenseenbenneas 152
M.5.3  COMPOSILION ....euvreniieniieiteeiieiiesttesteesteetestesteesseesseesseesseessessaesseessesssesssesssesseesseensenssesssenssessenns 152
M.6  Using reader requirements masks to determine how a file can be used ..........cccevcevrciiiienieneeceenens 154
M.O.1  TYPES OF CXPIESSIONS ..cuveeeeriertiertieteeieetesteestteteeneeenseessesseesseeseasesnsesneesseeseanseenseensenseesseens 155
M.6.2  EXPression rePreSENTATION .......cceerveeieriertieteeieeiesitesseesseesteeaesneesseesseeseensesneesseenseensesnsesseens 155
M.6.3 Testing an Implementation against Requirements EXpressions ............ccoecvevenvenieecieniennnnns 160
M.7  Extensions to the JPX file format and the registration of eXtensions ..........ccecceeeeereereenerrenieeneenenn 161
M.7.1  RegiStration ElEMENLS .........ceouiiiiiieriieiieie ettt ettt ettt e sttt et setesaeenae et eaeeeneesaeenreens 161
M.7.2 Differentiation between publication and regiStration ...........cccceeeereeerierienieneeeresceeeene 162
M.7.3 Items which can be extended by regiStration ............ccceeeveeceeiviereereenieeie et eve e seeens 162
M.7.4  PUDIISREA TEEIMS ..ottt ettt sttt ettt e et s ne e b e 164
M.7.5  REZISIALION PIOCESS ...eevvieereirrerrierteeteeteetesteesseeseesseassesssesseesseessesssessesseesseesseessesssesssssssessenns 165
M.7.6 Timeframes for the regiStration PrOCESS.........ccververrierierieereerieesteseeseesseesseesseessesseesseesseesens 165
M.8 Differences from the JP2 binary definition .........cccoeeverierierieniieieeieeee et 165
MO CONTOTIMANCE ......cuieniitiieiieett ettt ettt b ettt b e s bt bt et es b et et e b sbeeb e e bt eaeeneeaenbenaens 166
M.9.1 Interpretation of JPX data StrUCIUIES.......c.cccverierieiieiieie ettt ete e seeesae s eaeeseesseenseens 166
M.9.2  Support fOor JPX fEAtUIE SEL ........cceririeieieiiiertinerteete ettt 166
M.10 Key to graphical descriptions (infOrmMatiVe).........ceeruireerierieriieieeiereeie et 168
A O B TS 1 T B oo ) PSS 168
M.11.1 Reader ReqUIr€mMents DOX .......ccuerierieriieiieiieeieiieie ettt sttt enee e eneesneens 171
M.11.2 Data Reference DOX ........ccuiiiiiieiieiieie ettt ettt st sttt et eaeenbens 174
M.11.3 Fragment Table DOX (SUPEIDOX) ....ceruieuiiiiiiiiietieiieie ettt sttt 174
M.11.4 Cross-Reference DOX ........c.eeuiiiiiiiiieie ettt sttt e saeens 175
M.11.5 JP2 Header boX (SUPEIDOX) ....iiviieiiieieiiiiicieeieeteete ettt st ste v eaesraesreesaeesbeesseessessnessaens 176
M.11.6 Codestream Header box (SUPEIDOX) ......cccviiiirrieriieiieiieiectesie ettt er e sreens 178
M.11.7 Compositing Layer Header boX (SUPEIDOX) ......ccveerviecrieiirieiienieeieeieeeeeeieesieeseeseesnessnesseens 179
M.11.8 Contiguous Codestream DOX .......ccveeieriieriieiieieeieniesieeieetesresee e essessaesseesseesseenseessesssenseens 190
M.11.9 Media Data DOX ....co.eoueriiriieiieieierteerte sttt ettt sttt ettt 191

vi

© ISO/IEC 2004 — All rights reserved



ISO/IEC 15444-2:2004(E)

Page
M.11.10 Composition BOX (SUPETDOX)...c.eeuereereeieieniiniertieienieetteiteitetesteste sttt estesesaesaesieseeeneens 191
M.11.11 ASSOCIation DOX (SUPETDOX)....ceveeueieuiieuientientieteeteeieeitestee st et e et eeesaeesaeeste e teeneeeneeeneesseenneas 194
MLTL 12 NUMDBET LISt DOX ..ttt et ettt ettt et e st e sbeeteeneeas 196
IMLTT. 13 LADEL DOX ittt ettt ettt et et e b e beeae et e eneente st as e tesseeseeneeneennens 197
M.11.14BINAry FIIter DOX ..cvicviiiiiiiiiieiiieie ettt sttt e ae b e e saeesaeesseesbeesseessensaesseensens 197
M.11.15 Desired Reproductions box (SUPEIDOX)......ccveecuieiieieiieriieiieeieeee et steesre e eveeereeeneseeesaees 198
M.11.16 ROI DESCIIPION DOX ...cvviiviiiieiieiieiieieeteeteeteeteeveseaesteesteesaeeseesaesseesseesseesseessesssesssessesssens 199
M.11.17 Digital SIZNATUIE DOX ...cuvieviiieriieriieiieiieieeieesteeieetesaeseesseesseessessaesseesseesseesseessesssensaesesnsens 200
IMLTTTE XML DOX ottt ettt ettt sttt b ettt b e bbbt eat et et et sbesbesbeebeennene 202
M.TT.19MPEG-7 BINATY DOX ..cueeuiiiiiiiiiiieiieicetetesese ettt ettt sttt ettt st s 203
1Y 0 I N O s (T oo ) PSR 203
M.12 Dealing with UNKNOWI DOXES ....c.ceeeiiriiriiriiriiniieieieteteste sttt ettt ettt se e bbb enees 203
M.13 Using the JPX file format in conjunction with other multi-media standards (informative) ................ 203
Annex N — JPX file format extended metadata definition and SyNtaX.........c.cccoceerieriiiiniiinienieeee e 204
N.1  Introduction to extended Metadata ...........cooeeiuiiiiiieiiee e 204
N.2  Additional references for extended metadata ............coooieiiiiiiiiiiieiieee e 204
N.3  Scope of metadata defiNItIONS .........c.eoviiiiriiiiiiciieieeeee ettt seesae b esbeeaaeseeesse e beenseas 204
N.3.1  Image Creation MEtAAALA..........ccveieeiieriieiiete ettt ettt et e teebeeaeseeesaeesseesseesseeseesseesseessens 205
N.3.2  Content Description MEtadata ...........ccecvieevieiieieriieieeieeteceeseesre e eeeseesreesreeseessesssesseesseas 205
N.3.3  HiStOry METAQALA .....eeviiivieeiieiieieeieeie ettt ettt ettt e e e s e e steesbeesseesaesraesseenseesseensens 205
N.3.4 Intellectual Property Rights metadata ..........c..ccooveviieciieienieriee e 205
N.3.5 Fundamental metadata types and elements .............ccoecveeierieniesiiece e 205
N4 MeEtadata SYNEAX ....eecueeeeieieieieeiesiesttesteeteetesetesseesaeeseeneeeneeeseesseenseenseensesseesseesseenseansesnseensesneenseenseensenn 205
N.4.1 Metadata schema'definition languagey. . 1n F 3 . L E E T Leeee ettt 205
AP\ 310 (S o (o R oretierstoutoro s ereriirrreiorsreti e bresbrsres O S rerrres RO SO SO SPORRPPPRINY 205
N.4.3  Document type-definition] informationd. . Be...cm i e eeereeeereninenieeneeeeeetese e 206
N.4.4 XML Schema information ... . e 206
DA PR T B ) 1 1<t o0 ) (<SOSR 206
N.5.1 Image Creation metadata BoX. < i ettt eeneas 206
N.5.2 'Content Description‘metadatd box o/ nLV0c ]l L0eal 0-40d3-266¢- .........ovvireereean 207
N.5.3  History box.....00 00 S 00 i n e 207
N.5.4 Intellectual Property Rights DOX.......ccocoiiviiiiiiieiieiieiieeeseeie et 208
NS5 Image IAentifier DOX.....ccviriieiieieiieeiese ettt et e st saeenae e e sseesseenseenseessenseensens 208
N6 Metadata defINIIONS  ...c.eeuiiuiiieieierteetee ettt ettt st eb et ettt seesbe b sbe et eneen 208
N.6.1  Image Creation MEtAAALA. ........cccveiiereierrieiieieeeertt et et et e et e e esbesaeseeesseeseesseesnesseenseenseensens 209
N.6.2  Content Description MEtadata ........cc.eeverierieriririririeieietenese sttt st 220
N.6.3  HiStOry MELAQAA ...c..eoveiiiiiiiiiitiierteeeee ettt ettt e et b 226
N.6.4 Intellectual Property Rights metadata .........c..ccceoiriririiiiiiiiiiniinienscceceecccese e 229
N.6.5 Image Identifier MEtadata ........cccoooiiiiiiiiieii e 236
N.7  Fundamental type and element definitions. ..........cocueeieiieriiiiiiieneeeee e 237
D T T B T 1 T B 1 TSRO 237
N.7.2  DefiNed attriDULES .....euieeieeieiieieieterte ettt se ettt ettt et st e st st ebeeseenean 254
N.7.3  Defined lEmMENtS. .....ccueeuiiuiiieieiiieie ettt sttt ettt ettt be bt enean 255
N.8 JPX extended metadata document type definition ...........cceeeveeiiiieiienieiie e 255
N.9 JPX extended metadata XML SChemMAa.......cc.coiiiiiiiiieiiieieeee e 265
Annex O — Examples and guidelines, EXTENSIONS .......cc.eervirierierierieesieesteeteseeesseeteeseessessaesseesseesesssessesseessesssensaenns 281
0.1  Arbitrary decompoSition €XAMPIES .........ccveeiirieriieriieieetesteseesteesteeteseeesseeseesseessessaesseesseensessesseenses 281
0.2 0dd Tile Low Pass First (OTLPF) CONVENTION ......ccuerverieriieriieiieieereseesieeeeesreeseesseesseesesnsessnesseenss 303
0.2.1  Example one (EVEN tle SIZES)......ccevuerueruirieririineniieieteiententeste ettt sae e s eeeane 304
0.2.2  Example tWo (0dd tile SIZES) ...ueevereeriieiieiiee ettt et eae 304
0.2.3  Example three (TSSO/OTLPF)....ccccooiiiiiiiiiiiieeteeetccsee ettt 304
0.3 Multiple component collection €XaMPLE ..........c.eeieiieiiriiiie e 305
0.3.1 Array-based multiple component transform example ..........cccceoeroeriiniininniicerceeeee 305

0.3.2 Unitary decorrelation transformation factorization and reversible decorrelation
ATANSTOTIMALION ...ttt sttt ee ettt st et s bt bt s e et et e st e besbeeeeeneenean 311
0.3.3 Dependency transformation, irreversible and reversible...........ccoeeivveriereeniieciieiecieieeneans 315
0.4  Background to enhancement of qUANTIZATION .........cceervieiiiiiiieiieie ettt 317

© ISO/IEC 2004 — All rights reserved Vi



ISO/IEC 15444-2:2004(E)

Page
BIDIOGIAPIY ...ttt ettt bt b e et h e bt a et na bbbttt e b e e bes 317
511415 OSSPSR 319
Patent STALIMEIIT ... .eoutiiiiiiiieitieee ettt ettt st s he e s b e bt et e st eat e bt e b e bttt ea e s bt bt sbee bt eaeeaee 321

viii © ISO/IEC 2004 — All rights reserved



ISO/IEC 15444-2:2004(E)

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 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

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.

ISO/IEC 15444-2:2004 was prepared jointly by Joint Technical Committee ISO/IEC JTC 1, Information
technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in
collaboration with ITU-T. The identical text is published as ITU-T Rec. T.801.

ISO/IEC 15444 consists of the following parts, under the general title Information technology — JPEG 2000
image coding system:

— Part 1: Core coding system

— Part 2: Extensions

— Part 3: Motion JPEG 2000

— Part 4: Conformance testing

— Part 5: Reference software

— Part 6: Compound image file format

— Part 9: Interactivity tools, APIs and protocols
— Part 12: ISO base media file format

The following parts are under preparation:

— Part 8: Secure JPEG 2000

— Part 10: Extensions for theree-dimensional data and floating point data

— Part 11: Wireless JPEG 2000
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — JPEG 2000 image coding system: Extensions

1 Scope

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding continuous-tone, bi-level, grey-scale, colour digital still images, or multi-component images.

This Recommendation | International Standard:

—  specifies extended decoding processes for converting compressed image data to reconstructed image
data;

—  specifies an extended codestream syntax containing information for interpreting the compressed image
data;

—  specifies an extended file format;

—  specifies a container to store image metadata;

—  defines a standard set of image metadata;

—  provides guidance on extended encoding processes for converting source image data to compressed
image data;

—  provides guidance on how to implement these processes in practice.

2 References

The following Recommendations and International Standards contain provisions which, through reference in this text,
constitute provisions of this Recommendation | Interndtional Standard." At the'time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encoutragedto/investigate the possibility of applying the most recent
edition of the Recommendations-and Standards listed below:Members of IECiand dSOcmaintain registers of currently
valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
valid ITU-T Recommendations.

21 Identical Recommendations | I nternational Standards

— ITU-T Recommendation T.81 (1992) | ISO/IEC 10918-1:1994, Information technology — Digital
compression and coding of continuous-tone still images: Requirements and guidelines.

— ITU-T Recommendation T.82 (1993) | ISO/IEC 11544:1993, Information technology — Coded
representation of picture and audio information — Progressive bi-level image compression.

— ITU-T Recommendation T.83 (1994) | ISO/IEC 10918-2:1995, Information technology — Digital
compression and coding of continuous-tone still images: Compliance testing.

— ITU-T Recommendation T.84 (1996) | ISO/IEC 10918-3:1997, Information technology — Digital
compression and coding of continuous-tone still images: Extensions.

— ITU-T Recommendation T.84 (1996)/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, Information

technology — Digital compression and coding of continuous-tone still images: Extensions —
Amendment 1: Provisions to allow registration of new compression types and versions in the SPIFF
header.

— ITU-T Recommendation T.86 (1998) | ISO/IEC 10918-4:1999, Information technology — Digital
compression and coding of continuous-tone still images: Registration of JPEG Profiles, SPIFF Profiles,
SPIFF Tags, SPIFF colour Spaces, APPn Markers, SPIFF Compression types and Registration
Authorities (REGAUT).

— ITU-T Recommendation T.87 (1998) | ISO/IEC 14495-1:2000, Information technology — Lossless and
near-lossless compression of continuous-tone still images — Baseline.
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ITU-T Recommendation T.88 (2000) | ISO/IEC 14492:2001, Information technology — Lossy/lossless
coding of bi-level images.

ITU-T Recommendation T.800 (2002) | ISO/IEC 15444-1:2003, Information technology — JPEG 2000
image coding system: Core coding system.

2.2 Additional references

ITU-T Recommendation T.42 (1996), Continuous-tone colour representation method for facsimile.

ISO/TEC 8859-1:1998, Information technology — 8-bit single-byte coded graphic character sets — Part 1.
Latin alphabet No. 1.

ISO 8601:2000, Data elements and interchange formats — Information interchange — Representation of
dates and times.

ISO 3166-1:1997, Codes for the representation of names of countries and their subdivisions — Part 1:
Country codes.

ISO 3166-2:1998, Codes for the representation of names of countries and their subdivisions — Part 2:
Country subdivision code.

ISO/TEC 11578:1996, Information technology — Open Systems Interconnection — Remote Procedure Call
(RPC).

ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchange.

ISO 5807:1985, Information processing — Documentation symbols and conventions for data, program
and system flowcharts, program network charts and system resources charts.

ISO/IEC 15938, MPEG-7.

ISO 10126-2:1991, Banking — Procedures for message encipherment (wholesale) — Part 2: DEA
algorithm.

IEEE Standard754-1985'R1990,'[EEE Standard for Binary Floating-Point Arithmetic.
IETF RFC 1321 (1992), TheMD5yMessage-DigestiAlgorithm.

IETF RFC 1766 (1995), Tags for the Identification of Languages.

IETF RFC 2279 (1998), UTF-8, Altransformation format of ISO 10646.

IETF RFC 2630(1999), Cryptographic’ Message Syntax. ’

IETF RFC 2313 (1998), PKCS #1: RSA Encryption, Version 1.5.

International Color Consortium, ICC profile format specification. ICC.1.

IEC 61966-2-1:1999, Multimedia systems and equipment — Colour measurement and management:
Part 2-1: Colour management — Default RGB colour space — sRGB, plus its Amendment 1: 2003.

Digital Imaging Group, Flashpix digital image file format. Version 1.0.1, 10 July 1997.

PIMA 7666. Photography-Electronics still picture imaging-Reference Output Medium Metric RGB
Color encoding: ROMM-RGB.

PIMA 7667:2001. Photography-Electronics still picture imaging-Extended sRGB color encoding
e-sRGB.

Federal Information Processing Standard Publication (FIPS PUB) 186-2, Digital Signature Standard
(DSS). <http://www.itl.nist.gov/fipspubs/fip186-2.pdf>

ANSI X9.30.2-1997, Public Key Cryptography for the Financial Services Industry — Part 2: The Secure
Hash Algorithm (SHA-1). <http://www.itl.nist.gov/fipspubs/fip180-1.htm>

W3C. Extensible Markup Language (XML 1.0), 2nd edition Rec-xml-2000106, <http://www.w3.org/
TR/REC-xml>.

W3C. Namespaces in XML, Rec-xml-names-19990114, <http://www.w3.org/TR/1999/REC-xml-
names>.

W3C. XML Schema Part 1: Structures, Rec-xmlschema-1-20010502, <http://www.w3.org/TR/
xmlschema-1>.

W3C. XML Schema Part 2: Datatypes, Rec-xmlschema-2-20010502, <http://www.w3.org/TR/
xmlschema-2>.
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3 Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply. The definitions

defined in ITU-T Rec. T.800 | ISO/IEC 15444-1 clause 3 also apply to this Recommendation | International Standard
except for the terms decomposition level, sub-band and resolution which are redefined in this clause.

31 attribute: An XML construct that is a name-value pair extending or qualifying the meaning of an element.
3.2 cell: An optional subdivision of a tile used for low-memory encoding and decoding.

33 component: Compressed data from the codestream representing a single set of two-dimensional data.

34 component collection: A subset of intermediate components used as inputs to a multiple component

transformation stage, and a subset of intermediate components obtained as outputs from a multiple component
transformation stage. The subset's constituent components may occur in an arbitrary order, i.e., permuted with respect to
their order of appearance in the set of input or output intermediate components.

35 component reconstruction arrays: A general term that refers to any of the following; decorrelation
transformation array, dependency transformation array or offset array.

3.6 compositing: The act of combining two compositing layers into a single, non-redundant set of image
channels.

3.7 compositing layer: A set of non-redundant channels drawn from one or more codestreams that shall be
treated as a group. The set of compositing layers within the JPX file may then be combined by compositing or
animation instructions to form a rendered result. For example, one layer may be a simple RGBA codestream. Another
layer may consist of R, G and B channels generated by the application of a palette to one component from codestream
1, and an opacity channel directly extracted from codestream 2.

3.8 deadzone: The interval within which all sub-band coefficients are quantized to 0.

39 decomposition level’TA colleétion of sub-bands Where eachl cogfficienthas the same spatial impact or span
with respect to the original samples. These include the LL, LH, HL, HH, LX, HX, XL, and XH sub-band splits out of
decomposition sublevels.

3.10 decomposition sub-level: A collection of sub-bands that result from splits of a sub-band from a lower
decomposition sub-level or splits of either LL, LX;0or XL sub-bands from a higher decomposition level.

311 decorrelation transformation _array: An array of coefficients that maps the input components of a
component collection to the output components of the collection via'a multiple component decorrelation transformation.

312 dependency transformation array: An array of coefficients that maps the input components of a component
collection to the output components of the collection via a multiple component dependency transformation.

313 element: An XML construct that consists of a start tag and an end tag with data enclosed within.

3.14 HX sub-band: The sub-band obtained by forward horizontal high-pass analysis filtering and no vertical
analysis filtering. This sub-band contributes to reconstruction with inverse horizontal high-pass synthesis filtering and
no vertical synthesis filtering.

3.15 intermediate component: A single two-dimensional array of data involved in a stage of a multiple
component transformation.

3.16 JPX baseline: A specific subset of the features of the JPX file format.

3.17 JPX baseline reader: An application that correctly interprets all files that conform to the definition of a JPX
baseline file.

3.18 JPX file: The name of file in the file format described in this Recommendation | International Standard.
Structurally, a JPX file is a contiguous sequence of boxes.

3.19 LX sub-band: The sub-band obtained by forward horizontal low-pass analysis filtering and no vertical
analysis filtering. This sub-band contributes to reconstruction with inverse horizontal low-pass synthesis filtering and no
vertical synthesis filtering.

3.20 metadata: Additional data associated with the image data beyond the image data.

3.21 namespace: A collection of names, identified by a URI, that allows XML documents of different sources to
use the same element names within a single document to avoid element name conflicts.

3.22 offset array: An array of coefficients containing offsets which are added to intermediate components during
multiple component transformation of a component collection.
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3.23 reconstructed image component: The set of output intermediate components from the final transformation
stage in the inverse multiple component transformation process.

324 rendered result: The result generated by combining the compositing layers in the JPX file, either by
composition or animation.

3.25 resolution: The spatial relation of samples to a physical space. In this Recommendation | International
Standard, the decomposition levels of the wavelet transformation create resolutions that differ by powers of two in
either just horizontal, just vertical or both horizontal and vertical directions. The last (highest) decomposition level
includes either an LL, LX or XL sub-band which is considered to be a lower resolution. Therefore, there is one more
resolution level than decomposition levels.

3.26 sub-band: A group of transformation coefficients resulting from the sequence of low-pass and high-pass
filtering operations, either just horizontally, just vertically or both horizontally and vertically.

3.27 spatially reconstructed component: A component which has been extracted from the codestream and passed
through the decoding and inverse wavelet transformation process as specified by this Recommendation | International
Standard. The set of spatially reconstructed components is the set of input components to the first transformation stage
in the inverse multiple component transformation process.

3.28 transformation stage: A set of component collections and associated multiple component transformations.

3.29 visual masking: Visual masking is a mechanism where artefacts are masked by the image acting as a
background signal.

3.30 XH sub-band: The sub-band obtained by no forward horizontal analysis filtering and vertical high-pass
analysis filtering. This sub-band contributes to reconstruction with vertical high-pass synthesis filtering and no inverse
horizontal synthesis filtering.

331 XL sub-band: The sub-band obtained by no forward horizontal analysis filtering and vertical low-pass
analysis filtering. This sub-band contributes to reconstruction with vertical low-pass_synthesis filtering and no inverse
horizontal synthesis filtering.

4 Abbreviations
For the purposes of this Recommendation | International Standard, the following abbreviations apply. The abbreviations
defined in ITU-T Rec. T.800 | ISO/IEC 15444-1 clause4;also. apply to this\Recommendation | International Standard.
CCITT  International Telegraph and Telephone Consultative Committee, now ITU-T
DPI Dots per inch
IPR Intellectual Property Rights
UuID Universal Unique Identifier

5 Symbols

For the purposes of this Recommendation | International Standard, the following symbols apply. The symbols defined in
ITU-T Rec. T.800 | ISO/IEC 15444-1 clause 4 also apply to this Recommendation | International Standard.

ADS Arbitrary decomposition styles marker

ATK Arbitrary transformation kernels marker

CBD Component bit depth definition marker

DCO Variable DC offset marker

DFS Downsample factor styles marker

MCC Multiple component collection transformation marker
MCO Multiple component transformation ordering marker
MCT Multiple component transformation definition marker
NLT Non-linearity point transformation marker

VMS Visual masking marker
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6 General description

The purpose of this clause is to give an overview of this Recommendation | International Standard. Terms defined in
previous clauses in this Recommendation | International Standard will also be introduced. (Terms defined in clauses 3
and 4 in ITU-T Rec. T.800 | ISO/IEC 15444-1 continue to apply in this Recommendation | International Standard.)

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding continuous-tone, bi-level, grey-scale, colour digital still images, or multi-component images. This set of
methods extends the elements in the core coding system described in ITU-T Rec. T.800 | ISO/IEC 15444-1. Extensions
which pertain to encoding and decoding are defined as procedures which may be used in combination with the encoding
and decoding processes described in ITU-T Rec. T.800 | ISO/IEC 15444-1. Each encoding or decoding extension shall
only be used in combination with particular coding processes and only in accordance with the requirements set forth
herein. These extensions are backward compatible in the sense that decoders which implement theses extensions will
also support configuration subsets that are currently defined by ITU-T Rec. T.800 | ISO/IEC 15444-1. This
Recommendation | International Standard also defines extensions to the compressed data format, i.e., interchange
format and the abbreviated formats.

6.1 Extensions specified by this Recommendation | I nternational Standard

The following extensions are specified in this Recommendation | International Standard.
6.1.1 Syntax

An extension of the code stream syntax is described in Annex A. This extension provides all the codestream signalling
in this Recommendation | International Standard. Further, it anticipates signalling needed for future specifications that
include this Recommendation | International Standard as a normative reference. In addition to the codestream syntax
defined in ITU-T Rec. T.800 | ISO/IEC 15444-1, the following capabilities are supported: variable DC offset, variable
scalar quantization, trellis coded quantization,visual 5masking, -arbitrary . decomposition, arbitrary transformation
kernels, single sample overlap, multiple’ comiponent transformations, non-linear ‘transformation, arbitrary regions of
interest. These extended markers conform.to the same rules as the syntax in ITU-T Rec. T.800 | ISO/IEC 15444-1.

6.1.2 VariableDC offset

An extension which provides for variable DC offset is described in. Annex B. Variable DC offset may be used to
generate a better data distribution for input to the ICT or RCT multi component transformation, defined in ITU-T Rec.
T.800 | ISO/IEC 15444-1, and/or the wavelet transformation. Tmages with very skewed sample distributions may benefit
from a non-default DC offset.

6.1.3 Variablescalar quantization

An extension that provides for variable scalar quantization is described in Annex C. This extension allows smaller or
larger deadzones to be used with the scalar quantizer. This technique may improve visual appearance of low level
texture.

6.1.4  Trdliscoded quantization

An extension of the quantization is described in Annex D. This extension provides for trellis coded quantization (TCQ).
The TCQ algorithm applies spatial-varying scalar quantization to its input sequence by choosing one of four scalar
quantizers for each sample. Quantizer indices from supersets of these quantizers along with quantizer transitions in the
form of a trellis provide all information necessary to reconstruct TCQ encoded wavelet coefficients.

6.1.5 Visual masking

An extension which provides for visual masking is described in Annex E. Visual masking is a mechanism where
artefacts are masked by the image acting as a background signal. The main goal is to improve the image quality,
especially for displays. The first effect of this technique is to improve the image quality, where the improvement
becomes greater as the image becomes more complex. The second main effect of this technique is that for a given fixed
bit-rate, the image quality is more robust against variations in image complexity. This is accomplished at the encoder
via an extended non-linearity interposed between the transformation stage and the quantization stage.

6.1.6  Arbitrary decomposition

An extension providing for arbitrary decomposition of the tile component is described in Annex F. This extension can
control the bandpass extent of wavelet sub-bands and thus provide control over the decorrelation process in order to
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