Full document details: ISO_IEC 14496-10_2012

INTERNATIONAL ISO/IEC
STANDARD 14496-10

Seventh edition
2012-05-01

Information technology — Coding of
audio-visual objects —

Part 10:
Advanced Video Coding

Technologies de l'information — Codage des objets audiovisuels —

Partie 10: Codage Visuel Avancé

Reference number
ISO/IEC 14496-10:2012(E)

P Documents
IEQ Document Sharing Hub

© ISO/IEC 2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2012

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 + 4122749 09 47
E-mail copyright@iso.org
Web www.iso.org
Published in Switzerland

Documents

N Document Sharing Hub
] © ISO/IEC 2012 — All rights reserved

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

Contents Page
0 Introduction xvii
0.1 PIOIOGUE ..ttt ettt ettt e st e st e s st e et enb e e st e e st e et e et e e s st en s e enseeaaeeneeenee st enseenteenteenaeeneenseenrenn XVii
0.2 PUIPOSE ..eeeeteteeie ettt ettt ettt ettt e et e et e bt et e et e e abeeaae e et e eaee st en et en bt enbeantesae s e e se e st enteenteeseeseenseenteestaseeteentens XVii
L0 TN o o) a7 (o) 1T TSP XVii
0.4  Publication and versions of this SPECIfICAtION........cceiciiiiiieiie et ae e e e e easee s xvii
0.5 Profiles And LEVEIS .......oouiiiuiiiieiieeee ettt ettt ettt h ettt b e bttt aeenbean xviii
0.6 Overview Of the desi@n CharaCtEIISTICS ..e.uiiiiieriierieeeie et eetteerte et e eree et e esteeebeesteeebeessseessseessseesnseesnsaeesseesns XiX
0.6.1 PrediCtiVe COMINE ...uueeutiiiiiiiieiie ettt ettt ettt st sb et e et eateebeesb e e bt et e enbeemteenees Xix
0.6.2 Coding of progressive and interlaced VIAEO ..........ccieviieiiriirieiieieee et XX
0.6.3 Picture partitioning into macroblocks and smaller Partitions .............ccceecvereierieneereesiesee e eee e eeeneens XX
0.6.4 Spatial 1eduNdanCy rEAUCHION .........oouieriieiieiecierieie ettt ettt e ste ettt e esaeeseenseeseenseensesnsesnnenees XX
0.7  How to read thiS SPECITICATION ....cc.eeriieiiiieiierieit ettt ettt st et e e e s aesetesaeeseenseeneeeseessaesseenseenseensesnnesees XX
1  Scope 1
2 Normative references 1
3 Definitions 1
4  Abbreviations 9
5 Conventions 10
5.1 ATTERIMNETIC OPETALOTS ... eeevieieiieeteeeieeeiteeeteeesteeeteeeteesteeaseeesteeasseeasseeanseeasseeasseeansessnseessseesnseesnsessnseesnseesnseesnseen 10
5.2 LOZICAL OPIALOTS ... .cccuviitiieieieeitieesite ettt estteeteeesteeetaeeteeetaeeseeestseensaeessseanseesssaeensaesssseenseeensseensseesseensseensseensseens 11
5.3 REIAtIONAL OPEIALOTS. ... veeeiieiiieeitieciee et e et e et e et e et esbeesteessbeessbeeesbeessseeassaesssaaasseesssaeassessnseesnseesnseesnseesnseesnseean 11
5.4 BIf-WISC OPETALOLS ...uveeuieeuietietieteetestestesttesseesseasseassesssasseenseensesnsesnsesssesssesssenseenssanseasseessesssesssesseesseessesnseensennes 11
5.5 F T Fea 01101 LA 0] 0 1S) 1 10) 4 PP 11
R 0 4TI 10 15 (014 SRS 12
5.7 Mathematical fUNCHIONS .....co.eiueiiiiiiertirerte ettt ettt ettt sttt be bt ebt st et et et et saeebeebeeaae e enne e 12
5.8 Order Of OPEration PIECEACIICE .......eiiuieeiieiiieeieeeieeeetee et e eteesteeebee e beeeseesteeesseesssaeesseeensaeanseessssaenssesnsseensseens 13
59 Variables, syntax elements, and taDIES .........cccuiiiiiiriiiiiiecie ettt ettt be e et e staeenree s 14
5.10  Text description Of 10ZICAl OPETALIONS .......ieiiieeiieiiieeieeiieeeie ettt e et e steesteesebeessseessbeessseesseenseeensseensseenes 14
S.1T PIOCESSES ...uveentieueeiiteeiie ettt ettt ettt et e bt et et s et e sh e e sbe e et e at e ea e e eh e e bt e b e em bt em bt eeteeh e e she e bt et e en bt enbeeh e e ebeenbeenbeeteenteeaes 15
6 Source, coded, decoded and output data formats, scanning processes, and neighbouring relationships.......... 16
6.1 BItSTIEAM FOTTNALS ...eeeitiiiietie et bbbttt et sae e s bt e sb e e bt eaeees et eate e bt e eb e e be e bt e beenaeenes 16
6.2 Source, decoded, and output PICTUIE TOTMALS .......c.eeeviiiriiieeiiieeiie et eee ettt et e e e e e ebeeebeeesbeesnbeessbeesnseennnes 16
6.3 Spatial subdivision Of PICtUIes and SHCES ......cccuiiiiiiieiieiiieeie ettt et eee et eeree e beessseessbeesnseesnses 21
6.4  Inverse scanning processes and derivation processes for neighbours ...........ccoccevierieriecieiiieie e 22
6.4.1 Inverse MacrobloCk SCANNING PIOCESS .......evvveruieriierieeieeieseieteeteeteetestesseesseesseenseasseaseesseenseenseensessesnsennes 22
6.4.2 Inverse macroblock partition and sub-macroblock partition Scanning process ..........ceceevvereververeereeeneenns 23
6.4.3 Inverse 4x4 luma bloCK SCANNING PIOCESS .....ccveervieriieiieiieiieeiientieteeteeteseeseesseesseesseensesssesssesseesseessesnsennns 25
6.4.4 Inverse 4x4 Cb or Cr block scanning process for ChromaArrayType equal to 3 .......cccooieviiniincincnnnne 25
6.4.5 Inverse 8x8 luma block SCANNING PIOCESS ...ceveevieiiiiieiiiitieiienieete ettt sttt ettt st st sbeesbeeseeeaee e 25
6.4.6 Inverse 8x8 Cb or Cr block scanning process for ChromaArrayType equal to 3 .......cccooieviiniincinennnne 26
6.4.7 Inverse 4x4 chroma bloCK SCANNING PIOCESS .....vvieruvieririerieeiieenieerieeeteesieeeseesseessseesseessseesseessseesssesnsses 26
6.4.8 Derivation process of the availability for macroblock addresses ...........cccevverieereriieiiienienieie e 26
6.4.9 Derivation process for neighbouring macroblock addresses and their availability ............ccoocvevverireinnnnns 26
6.4.10  Derivation process for neighbouring macroblock addresses and their availability in MBAFF frames...... 27
6.4.11  Derivation processes for neighbouring macroblocks, blocks, and partitions .............cccceeeeevercvereereennnnne, 28
6.4.12  Derivation process for neighbouring l0CationS ..........cocueiieiiriiiiiiiiiiiee e 33
6.4.13  Derivation processes for block and partition INAICES.........c.eevuerriiirieerie et 35
7  Syntax and semantics 37
7.1 Method of specifying syntax in tabular fOrm ............coceeieiieiieiice e e 37
7.2 Specification of syntax functions, categories, and deSCIIPLOTS .......cccueruerierieriirieii et aees 38
7.3 SYNLaX 1N tADULAT TOTIMN.....eeiiiiiii e ettt e et e e et e e esteesabeesaeeesbaessseeassaessseesssaesnseessseennsessnses 40
7.3.1 INAL UNIE SYINEAX 1.vteeuvieeiieeireeiteeesiteeteeestteeteesseeesseesssaeasseessseeassesssseeessessssessssesssseesssessssessssessssessssessssessssees 40
Documents

. Document Sharinq.Hub
© ISO/IEC 2012 — All rights reserved 1]

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

7.3.2 Raw byte sequence payloads and RBSP trailing bits SYNtaX..........ccceevereereieriieienieniieieeieeieseeesieesseeae e 40
7.3.3 SHCE NEAACT SYMEAX ...e.vveiieiieiieieeie ettt ett ettt et et et e e ssteseeesseesseesseesseeseesseenseenseansesssessaenseenseansesnsesnnenns 49
7.3.4 STCE AAA SYMEAX ...euvieueieieieieeiesiiesieeieeteste st e st et esteesteesaesseesseenseassesnsesseesseanseenseanseassessaensaesseeseansennsesnsenns 54
7.3.5 Y 10 (o] o) (o1 S ) 17 PSS 55
7.4 SEIMANTICS ..ottt sttt ettt ettt ettt a e e b e b e e bt et e et e satesb e e bt e a et eat e ea e e e bt e bt em bt e a bt ee e e e bt e eh e e e bt e bt et e en bt ea b e enteeneenbeenae 62
7.4.1 INAL UNIE SEIMANEICS ...evetieitetieteete ettt tesie et ettt te st e e sbe et e e teete s aeesbeesaee bt enteeseeeseeebeenbeenbeenbeenbesneesaeesaeenne 62
7.4.2 Raw byte sequence payloads and RBSP trailing bits SEmMantics ..........ccceveeerieeerieeciieerieenciieseeeieesveeennns 72
7.4.3 STCE NEAAET SEIMANTICS .....euveiiteitieiiet ettt ettt ettt et e bt ettt sh e st e e bt et eaeesbe e be e be e beenbeemeesneeeneenne 86
7.4.4 STCE AL SEIMANLICS ....veuteutititerterteeie ettt ettt ettt ettt et be bbbt eb e oot et e st e e b sbeebeebteabebe st e sbesaeebeeneen 98
7.4.5 MacCTODIOCK 1aYET SEIMANTICS. ... eeveeiieieieciieieeie ettt ettt et et e st ebeeseebesaeesseesseanseenseesseenseessessaesneenns 98
8 Decoding process 111
8.1 NAL UNIt AECOAINEZ PIOCESS -..euvventientienieiteeiie it sttett ettt et te st ee bt e e eeteseeesbeesbe e aeenteeseeeseensee bt enseenbeenbeensesneesaeens 112
8.2 SIiCC ACCOUING PIOCESS ... ueevienrieutierreeiesitesteeteeteetesetesstesseesseanseesseassessaesseansesnsesssesseesseenseenseenseenseassesssessnesseenses 113
8.2.1 Decoding process for picture Order COUNL ..........c.eervieciieierieeiesttere e eeeeteseee et eteesteeaessaesseesseenseeneesnnenes 113
8.2.2 Decoding process for macroblock to SIice Sroup MaP .......c.eecvieiirierierieiiese et 117
8.2.3 Decoding process for slice data PAItItIONS ..........ceeverieriiereeiesieseerie et eeeseeesteeeeesessaesseesseesesaesnnesnnenns 121
8.2.4 Decoding process for reference picture lists CONStIUCHION. .....eevviieiieeciieeiieeiieeieeeiee e eeveesreeseeeeseaeeens 121
8.2.5 Decoded reference picture marking PrOCESS ........ceouieiiriirierienieeete ettt ettt tte st e et saee e 128
8.3 INErA PIEAICTION PIOCESS. . euvieierieeieeiiieeteertteeteesteesteessreessseessseessseessseessseeasseessseeasseessseeasseessseessseesssesssseeasseesnes 133
8.3.1 Intra_4x4 prediction process for Tuma SAMPIES........ccuerieriiriiiiiii e 133
8.3.2 Intra_8x8 prediction process for Tuma SAMPIES........cccvevierieriieiiiiieeieeeee e 140
8.3.3 Intra_16x16 prediction process for [uma SAMPLES........cceerieriieiiiiieiieriee e 148
8.3.4 Intra prediction process for Chroma SAMPIES.........cc.evieriiriiriieiie et es 150
8.3.5 Sample construction process for I PCM macroblocks ..........ccceecieeeriiiiiieiienieeeteeeeeseee e 154
8.4 INEET PIEAICTION PIOCESS. . cuuvieierieereeitiiesteerteeeteestteesteessteessseessseessseessseessseeasseessseeasseessseeasseessseessseessseessseeassessne 155
8.4.1 Derivation process for motion vector components and reference indices..........oocvevveerieeriiencieenieenneenns 158
8.4.2 Decoding process for Inter prediction SAMPLES .........cecveeeiiierieeiieeiieeiie e eieeeieeeieeesteesbeeeseeeseeeseenens 170
8.4.3 Derivation process for prediction WEIZIES ........cceeiiiiiieiiiieiierieeee e s 179
8.5  Transform coefficient decoding process and picture construction process prior to deblocking filter process..182
8.5.1 Specification of transform decoding process for 4x4 luma residual blocks...........cccoevevieriieniienienieee, 182
8.5.2 Specification of transform decoding process for luma samples of Intra 16x16 macroblock prediction
TTIOMEC .ottt ettt b e bbbttt ettt b e eh e bt bt e s et e bbbt bt e h e et et e bbbt bbbt et et naesheebe et enee 183
8.5.3 Specification of transform decoding process for 8x8 luma residual blocks..........cccevvvieeriieniieniienieenne, 184
8.5.4 Specification of transform decoding process for chroma samples..........cccevcvierciiiriiieeieeniiieeee e 184
8.5.5 Specification of transform decoding process for chroma samples with ChromaArrayType equal to 3....186
8.5.6 Inverse scanning process for 4x4 transform coefficients and scaling lists.........c.cccecuerienienienieniiencenenne 186
8.5.7 Inverse scanning process for 8x8 transform coefficients and scaling lists...........ccoeeueveeeriienierveneenireine 187
8.5.8 Derivation process for chroma quantisation ParameEters ............c.eeeverrvereuereereerieerieeseeeeesseesseeseesesnessnens 189
8.5.9 Derivation process for Scaling fUNCLIONS.........c.eecuieierieriieie ettt ettt e e esesaesnneenne e 189
8.5.10  Scaling and transformation process for DC transform coefficients for Intra 16x16 macroblock type.....191
8.5.11  Scaling and transformation process for chroma DC transform coefficients ............ccooceevirviiinieneenenns 191
8.5.12  Scaling and transformation process for residual 4x4 BlOCKS ........cceeruiriiiiiiiiiniiieeee e 193
8.5.13  Scaling and transformation process for residual 8X8 BlOCKS ........cceeruiiiiiiiniiniiiiie e 196
8.5.14  Picture construction process prior to deblocking filter ProCess.........ccoevverierieririerieiienieneeeeee e 200
8.5.15 Intra residual transform-bypass deCOAING PIOCESS .......ccverrverrieriierieriierieriteieeteeeeeeeseesseesseesesaesnaesseenns 201
8.6  Decoding process for P macroblocks in SP slices or ST macroblocks ..........ccceeeievierieniecieieeiececeie e 202
8.6.1 SP decoding process for NON-sWitChing PICLUIES.........ccveciieireierienieieeiesee sttt e e nseennes 202
8.6.2 SP and SI slice decoding process for SWitChing PICTUIES ........cceecuerieriereeriieie ettt 205
8.7 DeblOCKING fIItOI PIOCESS ....eitiitietieieete ettt ettt sttt b et e bttt e st e et e et e en bt esteebeesbeesbeenaee 207
8.7.1 Filtering process fOr BIOCK €AZES .....ooiviiiiiiiiieciieie ettt aeesab e e saeessbaeenseennns 211
8.7.2 Filtering process for a set of samples across a horizontal or vertical block edge...........ccoceeviriineninnnns 213
9  Parsing process 219
9.1 Parsing process for EXp-Golomb COAES .......uuiruiiiiiiiiiiiiieeiie ettt eiee et etee st e e aee e treeaeeetaeeseeesssaennneens 219
9.1.1 Mapping process for signed EXp-Golomb COAES .........ooiiriiiiiiiiiiiiiiiierieieee et 221
9.1.2 Mapping process for coded DlOCK PAtLETI .....c..eeuiiiiiiiiiiiiei et 221
9.2 CAVLC parsing process for transform coefficient 1€VElS...........cccvieiieeiiiiiiiiieiieeiic e 224
9.2.1 Parsing process for total number of non-zero transform coefficient levels and number of trailing ones..225
9.2.2 Parsing process for [evel infOrmMation ............ccvecierierieriieie ettt eae e sseeaesnne e e 229
923 Parsing process for run information............cecierieriieciieieeiesee ettt e st e seenseeaesnaeenne e 230
Documents
. Document Sharing Hub
v © ISO/IEC 2012 — All rights reserved

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

9.2.4 Combining level and run infOrmMation ............cccvevieiiieiirieriee ettt e st enseeseaennees 233
9.3 CABAC parsing process fOr SHCE data..........ccuieieeierieiieieeie ettt aeseeeseeesseesseeseenseens 233
9.3.1 INItIAlISAtION PIOCESS .. eevietietietieieeiesttesteesteeteetestessteteesseenseesseessessaenseenseensesnsesssesseenseanseenseansesnsenssensnas 235
9.3.2 BiINATIZAtION PIOCESS ...vvevvevieiietieiteeteetesetestteteeteessesssesseesseesseenseansesssesseesseenseenseensesssesssesseeseesseenseensennes 259
9.3.3 DECOdING PTOCESS TLOW ..euvvieeiiiiiieciie ettt ettt e e e et e e teeebeessbaeebeessbaeenseesssaeenseesnsaeanseesnssennseenn 268
9.3.4 Arithmetic encoding process (INFOIMAtIVE) ........ccueiriieriiieriieiieeiieerte et este e e seeeesebeeseeeeseaeeseeesaeensees 290
Annex A (normative) Profiles and levels 298
A.1  Requirements on video decoder Capability........c.ccceeierierieiieiieiie ettt ettt ene e enes 298
A2 PTOTILIES et bbbt ettt e h e bt e bttt ea e bt e e bt e bt e bt e bt e et eneeeaes 298
A.2.1 BaSEline PIOTIIE.....cc.uiieiiiiiieeiie ettt et ettt e et e e e bee st e e ebee e baeenbeeesbaeebeeetaeenteeetaeenneean 298
A2.2 Y T 0 (o) 1 (USSP 299
A2.3 EXEENAEA PIOTIIE ..oniiieiiieieeee ettt et ettt e et e et e e tbeesbee e saeesseeessbaenseeensaeenseeansneenneenn 299
DN = 0741 15 o) o) 1 (<P USSRRPSP 300
A25 High 10 PIOTIIE ..ottt ettt et et e st e st et e et e e b e eneense e seeneenseenneenes 301
g N = 014 53 0 (o i 1 1< USRS 301
A2.7  High 4:4:4 Predictive PrOTIle ......ccuieieiieiieeeie ettt ettt e e e aesnne st e seeseenseens 302
A28  High 10 INtra Profile......c.cooiiiiiiiiiii ettt ettt sb e bbb et 302
A2.9  High 4:2:2 INtra Profile.....coeoiiiiiiiei ettt ettt ettt 303
A2.10  High 4:4:4 INtra Profile.....ccooiiiiiiiii ettt et ettt b et 303
A2.11  CAVLC 4:4:4 TNA PIOTIIE .nevieiieeie ettt ettt ettt e e st e e tae e tbe e eaeessbeessse e ssaenseesnsaeenseeas 304
A3 VRIS ettt h e bbbt e h et b e bt bt et et et et be bt e bt et ebenae 304
A3.1 Level limits common to the Baseline, Constrained Baseline, Main, and Extended profiles..................... 304
A.3.2  Level limits common to the High, Progressive High, High 10, High 4:2:2, High 4:4:4 Predictive,

High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, and CAVLC 4:4:4 Intra profiles ..........cccceceeverencnnne 307

A33 Profile-Specific 16Vl IIMItS.......ciciiieiiiiiieeieecieeee sttt ettt e et e e e e s teeenbeessbaeenseeensaeenneeas 309
A34 Effect of level limits on frame rate (INfOrmMAativVe)........cccueeriieeieeriieriieiieeeie e eeee e e s 314
A.3.5 Effect of level limits on maximum DPB size in units of frames (informative) ..........cccceevvvvivenciieneeennnn. 317
Annex B (normative) Byte stream format 319
B.1  Byte stream NAL unit Syntax and SCIMANLICS.........eevveerrreerieeiiieesieeteeesteeeteeesseesreessseesseesssesssseesssesssseesssesssses 319
B.1.1 Byte Stream NAL UNIE SYNTAX ....ccveeeeuieiiiieeiiieiiieeiteesteeeiteesteesteesbeessseessseessseessseessseessseessseesssesssessnssesnsees 319
B.1.2 Byte stream NAL UNit SEMANTICS......vveivieeiieiiieeteeiieeeteesteesteesteessteesseessseessseessseessseessseesssssssesssseesnsees 319
B.2  Byte stream NAL unit deCOing PrOCESS .....c..eerueeruieiieiieieeieiteesteerte ettt et stee st et e e eetesseeseeesbeebeeneeeneeeaee 320
B.3  Decoder byte-alignment recovery (infOrmMatiVe) ..........cueecueerierierierienieenieeeeeteeeeesseesseeseesesaessaesseesseensesneeenns 320
Annex C (normative) Hypothetical reference decoder 322
C.1  Operation of coded picture BUTTEr (CPB) .......coouiiiiiieie ittt ettt e e e aaeesseesaaeennae s 326
C.1.1 Timing Of BItStream ArriVal.......c.ooouiiiiiiiiieie ettt sttt ettt e eeeseeeseees 326
C.1.2 Timing of coded PICtUIe TEMOVAL .......cc.eeiieiiieieiie ettt ettt e et enteenbessaessnesneas 327
C.2  Operation of the decoded picture buffer (DPB) ........cccuiiiiiiiiieiciee et 328
C.2.1 Decoding of gaps in frame num and storage of "non-existing" frames ..........cocceceeveevenenenienieeiienenennn. 329
C2.2 Picture decoding and OULPUL ..........c.eeciiiierieiieieete ettt ettt st e st e st et e et e eneesseesseenseenseenseenseenseenns 329
C.2.3 Removal of pictures from the DPB before possible insertion of the current picture...........ccceevvvereveennenn. 330
C.24 Current decoded picture marking and STOTAZE .......c..eeruieriiiiiiiiirieeie et 331
C.3  BitStream CONTOIMANCE. ......coiuietieiieiietieet ettt ettt ettt ettt ettt eh e s bt e b e e bt e bt s etesaeesaeesbee bt e bt enteenteentesnaesneas 332
C.4 DecOder CONTOTIMANCE. .....c..eetieuiieiiieiieetie ettt ettt ettt sttt e st et e st ea e sb e e eb e e bt e bt e bt eaeesaeesaeeneeenteenteenteeanesneesnees 334
C4.1 Operation of the output order DPB.........cc.oooiiiiiiieeee e e 335
C4.2 Decoding of gaps in frame num and storage of "non-existing" pictures ...........cceeeveevververeervereereenneenss 335
C4.3 PACtUIE AE@COMIMNE ....vvieiieiieiiecieeie ettt ettt e st e bt et e et e s e e saeessea s e enseensesnsasssenseenseenseenseensennes 335
C44 Removal of pictures from the DPB before possible insertion of the current picture..........c.ccccevveeennnnne. 336
C4.5 Current decoded picture marking and STOTAZE .......cc.ceruieriiiiiiiiieierie e 337
Annex D (normative) Supplemental enhancement information 341
D.1  SEI PAYIOAA SYNTAX ....cutieiieeiieitieitieiiesieeteeteste st et et esteestesstessaessaesseeseenseesseesseessaseenseensenssessaessaesseenseenseenseenes 342
D.1.1 Buffering period SEI MESSAZE SYNTAX ....cccuvervieiiieieeieeiiesiesieesteeiesteseesetesseeseenteensesssessaesseesseesseesesnsennns 344
D.1.2 Picture timing SEI MESSAZE SYMEAK .....eeuviruiirtiertietieieete e sttt ettt ettt et e e e tesetesbeesbe e beebeeseeeneeeaes 344
D.1.3 Pan-scan rectangle SET MESSAZE SYNTAX .....eevuiertiertiriiiienieitierieeie et sece st et ettt seee bt e sbe e e eeeseeeeneeeees 345
D.1.4 Filler payload SEI MESSAZE SYNAX .....cccuveeruieiiiieeitieiitieeiteesteesteesteessreessseessseessseessseesssaesseeesssesssessnseesnsees 346
D.1.5  User data registered by ITU-T Rec. T.35 SEI MeSSaZe SYNAX ..c..eevueeuiriiniiiniieniieiieieniesieesieeneeeee e 346
D.1.6  User data unregistered SEI MESSAZE SYNAX ....ccvervieriieriieiieiieiiesiereiesteeeeeseesseesseenseensesssessaesseesseesesnsesnns 346
D.1.7 Recovery point SET MESSAZE SYNTAX .......eeierrieriieiieiteeiestesitesseenseeseeeesseesseesseaseensesssesssesseesseesseesessennes 346
D.1.8  Decoded reference picture marking repetition SEI message SyNtaX.........cceccvevveerieeeienvenieneeneeneenseesnenns 347
Documents

Document Sharing Hub
© ISO/IEC 2012 — All rights reserved \

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

D.1.9 Spare picture SEI MESSAZE SYNMEAX ......veeiereieriieiieiieieeiiestieteetesteseesseesseeseessesssesseasseenseansesnsesssesseesseesses 347
D.1.10  Scene information SEI MESSAZE SYNEAX ......ccveeveruierieriieiieieeieetieteeteeeesaesaesseesseensesssesseesseenseenseensesssens 348
D.1.11  Sub-sequence information SEI MeSSAZE SYNEAX ......c.ceruieriirierieriieiieieeteseeseesseessesaeseesseesseenseenseesnenseens 348
D.1.12  Sub-sequence layer characteristics SEI MeSSage SYNAX .......ccvervierieerierieiieiienieeieeeeeeeseeeseeeseensesenensaens 348
D.1.13  Sub-sequence characteristics SEI MeSSaZE SYNEAX .....cc.eeruieiiriirieriieniieie ettt et 349
D.1.14  Full-frame freeze SEI MESSAZE SYNTAX ....ccvieriierreeiiieeiieeitteereeeteesteesteesseessseessseessseessseessseesssesssseesssesanns 349
D.1.15 Full-frame freeze release SEI MESSAZE SYNTAK ...cveeruiriiriiriientieniieteeiie et sieesieenie et st seeeseeesee e eaeeeneeas 349
D.1.16  Full-frame snapshot SEI MeSSAZE SYNEAK .......c.eeruieriiriiiiiitieniieieete ettt et ettt st seeeee et saee e e 349
D.1.17 Progressive refinement segment start SEI MeSSAZE SYNTAX ......eervierververierierieeneeieeeeeeeseeeeeeseeesesaenseens 350
D.1.18 Progressive refinement segment end SEI MESSAZE SYNAX ....ccveervierieerieeiierieiieniesieereeeeeeeeeeesseesseesseensens 350
D.1.19 Motion-constrained slice group set SEI MeSSAZE SYNLAX ......eevrrieriieriieriieiieeie e seeseeeeeereeaesseeseeeseeneens 350
D.1.20  Film grain characteristics SEI MESSAZE SYNTAX ......ccveeiieiiriieriieiieieeteetesieesiee e eteseeseeseeesseenseenseenneensens 351
D.1.21 Deblocking filter display preference SEI mesSage SYNtaX ........cccceveererriiriieiienieeniieieeeesieenieenieeieeeeseeens 351
D.1.22  Stereo video information SEI MESSAZE SYNTAX .....cccuviervieriierieeriieertieeieeeteeeteeeteesieesseessseesseessseessseesnns 352
D.1.23  Post-filter hint SEI MESSAZE SYNTAK......uiiiveeriieeiiieeitieeieeeitteestteeeteeeteeeteesseesseesseessseesssessssessssessseessseesnns 352
D.1.24 Tone mapping information SEI MesSage SYNtaX........cceeouirierieniieiiieieeiesieseete et 353
D.1.25 Frame packing arrangement SEI MeSSaZE SYNTAX ......ccuevviruieriieriieieeieeiesiiesieesieeee e seeseeesseenseenseennesneens 354
D.1.26  Reserved SEI MESSAZE SYNMEAX ........eecvirieriieriieniiesteeiteetestesseesseeseasseassesssesseesseesseessesssesssesseesssesseenseensesnsens 354
D.2  SEI PAYLload SCIMANTICS ....cveevieiieiieeiiesiieriiesteesteetesteesteesseesseessessaesseesseesseassesssesssasssasseenseassesssesseesseessesnsesnsesnsenns 354
D.2.1 Buffering period SEI MeSSage SEMANLICS..........eeveriieriieiieieiiesieseerteeeeeteeeeesseesseeseesessesseesseesseessesssenns 354
D.2.2  Picture timing SEI MESSAZE SEMANTICS . ...c.ueeutriiriiertietieiieiieetiesicent et et e eieesttesbee bt ebesaeesaeeseeenaeeneeenteenneas 355
D.23 Pan-scan rectangle SEI MeSSage SEMANTICS ......ccueruiirtieriirrieiieiiericenie ettt eieestee et etesieesbeesbeeneesneesaee e 360
D.24 Filler payload SEI MeSSaAZE SEMANTICS ....c.eeerureeriieeiiieeiiieiiieeieeeteeeiteesreesaeessseesseeesseessnesnssessseessessssesnnns 361
D.2.5  User data registered by ITU-T Rec. T.35 SEI message sSemantics........c.cceveererreereeneeneenieeniesieneeneennees 361
D.2.6  User data unregistered SEI MeSSage SCMANTICS. ......cuervieriieriieierietieieeieeaestesseesseesesseeeseesseesseenseensesssens 362
D.2.7  Recovery point SEI MeSSAZE SCMANTICS .......ververeierieerereieeteeiestieteeteetesaessaesseesseessessesseesseesseessesssesssens 362
D.2.8  Decoded reference picture marking repetition SEI message Semantics ..........cvevvvevvereereerieenieesuesvesnennens 364
D.2.9 Spare picture SEI MESSAZE SCIMANTICS .......eveeuiertieiiaireetesiiesteesseeseseesseesseesseessesssesseesseeseessesssesssessessseesses 364
D.2.10  Scene information SEI mesSage SEMANTICS .....c..eeuuieiertieriieiieieeiienteenieente e stesetestee et et eeteseee b eneeenteenneas 366
D.2.11 Sub-sequence information SEI message SEMANTICS .......cc.eeuerierierieriienieiie ettt et seeeneeens 368
D.2.12  Sub-sequence layer characteristics SEI message SEmMantiCs........ueecveeerreeereeiiieeeieeenieeeieesreesreesereensneennns 369
D.2.13  Sub-sequence characteristics SEI meSsage SEMANTICS......c.uieruerrreerieeiiieerieeteeerieeeieesreessreesseessseesseennns 370
D.2.14 Full-frame freeze SEI MeSSaZE SCMANTICS. ... .ccueervieriieieeieriientiesieeteetesstessaesseesseesesssesseesseesseenseensesssesnsens 372
D.2.15 Full-frame freeze release SEI MeSSAZE SCMANLICS. .....ccvievieieeieriieiieieeieeeestesseesseesesseesseesseenseenseessesssens 372
D.2.16  Full-frame snapshot SEI MeSSage SCMANTICS .........ecveruierrieieeieriieieeieeiesaeseesseesseeaesaesseesseenseenseessesssens 372
D.2.17 Progressive refinement segment start SEI message SemantiCs............coevererirereeienienieneneneneeeeeeeenne 372
D.2.18 Progressive refinement segment end SEI message SemMantiCs. ......cceerueeruerrieriierienienieenieeieeieeieeee e neees 373
D.2.19 Motion-constrained slice group set SEI message SeMAaNtiCs .........eeuerueerienerrieiienieneenieeee et sieesiceieennens 373
D.2.20  Film grain characteristics SEI mesSage SEMANtICS ........cccuertirierieniieiieieiie sttt 374
D.2.21 Deblocking filter display preference SEI message SemantiCs .......co.eeeueruiriereenienienienienicenieeieeeiesieeniens 380
D.2.22  Stereo video information SEI MeSSage SCMANLICS. ........eecvieveeieriieriieieeiesrestesseenseeaesseesseesseenseenseessessnens 382
D.2.23  Post-filter hint SEI MESSAZE SCMANTICS ......eccvereereieriieiieieeteeeiesieesieeteeseeaesaesseesseenseessesssesseesseenseensessens 382
D.2.24 Tone mapping information SEI MesSage SEMANTICS. .......c.cccuerierrierreerierieiiesieseeneeeeeeeesseesseesseensessessnens 383
D.2.25 Frame packing arrangement SEI MeSSage SCMANTICS..........ecuieueerierieeriieieeieseeseeeseeeeeeeeenreeseesseesseenseensens 385
D.2.26  Reserved SEI MESSAZE SEIMANTICS ....cccvvierureeriirerieeeitieerieeeteeesteeesteeesseeeseeesseessesssseesssessssessssesessessssessssessnns 395
Annex E (normative) Video usability information 396
LD VA U (5 7 1 1 b GO OO OO URTOPRROPP 397
E.1.1 VUT PATAMELETS SYNEAX ...veeeuvieeuiieiiieeiteetteeteesttesateesbeesiteesbeesateesateessteesaseessseessseenseeensseeseeesaseesaseesnseenane 397
E.1.2 HRD PAr@QmELEIS SYINTAX ...eeecvveerreeiureeieeeiteeeiteeeteeeteesseessseessseessseessseesssesssseessseessseessssesssesssssesssessssessssessnns 398
E.2 VUL SEIMANTICS c.uteeutiiuiieiiietietieteete ettt sttt ettt et st et et e s e e b e s bt e bt et e eatesaeesb e e bt emteemteebeeebeeabeenbeenbeenbeeneeeneens 398
E.2.1 VUI PArameters SEIMAMNTICS .....eervvierereerurrerreeitreerieesteeesseessseeasseesseesseesssessssesssseessseesssessssesssseesssessssessssessnns 398
E.2.2 HRD Parameters SEIMANTICS .....cuuierueeerureerireeitieestteesteeesteeeteessseessseesseessseessseessseessseessseessseessseesssessssessssessnns 411
Annex F (informative) Patent Rights 413
Annex G (normative) Scalable video coding 415
L 20 N 1o703 oL OO PO SO UUPTTUURUSTPPRRRPPPRRt 415
G.2  NOIMALIVE TEIETENCES ..ottt ettt ettt st b e bt bt ee et et st e bt e bt eat et et e sbesbeebeeneen 415
L B D 1c) 04115 103 s OO U USRS PRRSPSRRPRROPON 415
L N o] o) () A -1 2 o) o OO OSSPSR PRRRPRRPRRRPON 419
G.5  COMVEIEIONS ...ttt ettt sttt et e ettt e e e eate et e e b e e bt en b e e s bt eate s et e sseeebee st emteemteemteebeesbeenbeenbeenseeneesneesaeenne 419
Documents
. Document Sharing Hub
Vi © ISO/IEC 2012 — All rights reserved

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

G.6  Source, coded, decoded and output data formats, scanning processes, neighbouring and reference layer

] E T (0 1S4 U1 LSRR 419
G.6.1 Derivation process for reference layer macrobloCKs ..........cocervriiiiriiiciiiierieee e 419
G.6.2  Derivation process for reference 1ayer partitions...........ceeceeeverierieriesieeieeieeeese et ees 422
G.6.3 Derivation process for reference layer sample locations in resampling ...........cccoeeveeviverciieniieencieencveennnnnn 423
G.6.4 SVC derivation process for macroblock and sub-macroblock partition indices...........ccceereveercveerieenneens 425
G.7  SYNLAX QNA SEIMNANTICS ..eeuvvieruiieiiieeetieeiieeeteesteesteesteesseeessaeessseessseessesessseesseeessseesseeassseessesensseessessssssensesssssessssees 425
G.7.1 Method of specifying syntax in tabular fOIM .........cocveeiiiiiiieeiie e sae e s 425
G.7.2 Specification of syntax functions, categories, and deSCIIPLOTS ........ccverveeriieeierierieriereerie e ereseeneeeeens 425
G.7.3 Syntax in tabUIAr fOIM........ccciiiiiiieeeeeee ettt ettt e st e s ae e beenaesnnesneesneenseeseens 425
G.7.4 SEIMANTICS ...enveteieiteeit ettt ettt b e bttt et e et st e bt s bt bt eat et ea b e st e be s bt e bt ebees b et e st e e bt ebeebne e et e 437
G.8 SV dCCOAING PIOCESS. . eeveeereiietieiieeiteettenttesteeseasesstesseesstesseanseasseessessseseesseensesssesssesseesssanseenseensesssesssesssessees 471
G.8.1 SVC initialisation and dECOAING PrOCESSES........eeuueruieriariietieie st rt et et eteetee st ee st e e etesseesbeesbeenaeeneeeneeens 472
G.8.2 SVC reference picture lists construction and decoded reference picture marking process ..........ccccceuee. 492
G.8.3 SVC Intra deCOING PIOCESSES ... .veuretietieniieiteetiertte st eerteete e et sttesteeste e bt enteeateabeesbeesbeeseeseesaeesaeesaeenseenseens 503
G.8.4 SVC INLET PIEAICtION PIOCESS. ... veererierireerirrerieerteerteesteesteesteessaessseessseessseessseessseessseessseessseessaesssseessseesns 513
G.8.5 SVC transform coefficient decoding and sample array construction ProCesses ...........ceeeververveereeereeanens 526
G.8.6  Resampling processes for prediction data, intra samples, and residual samples ..........cccceevvreiereiereennnne. 543
G.8.7 SVC deblocking filter PrOCESSES.....ccuievirieriertiertieteiteetesteerteeteeetesteesteenseessesssesseesseesesssesseesseesseesseenseens 573
G.8.8 Specification Of DItStrEAmM SUDSELS .......c.eeverieriieiieie ettt ettt et e st e sseebessaesaeesseesseenseenseens 585
(G.9  PaISINE PIOCESS .eeuvrieuiieeiieeteeeteeetteeteeesteeestteeteessteeasseesssaeasseesssaeasseesssaeanseesssaeasseesssaeassessnsseenseesnsseenseeenssennsses 586
G.9.1 Alternative parsing process for coded block Pattern ..........cooeereeriiiriiiiiiiieeeee e 587
G.9.2 Alternative CAVLC parsing process for transform coefficient levels.........c.ccoovveveiiiiiieniieiciienieeieeen, 588
G.9.3 Alternative CABAC parsing process for slice data in scalable eXtension ............cocceeeveeneenenienieneene. 592
G.10  Profiles and IEVELS .....c.couiriiriiiiiiiiieect ettt ettt ettt bbbttt 595
G101 PTOTIIES ..ttt ettt sttt e e bbbt b e bt oot et et sbeebe et et et ebes 595
GL10.2  LEVEIS ettt ettt e bbbt h et ettt h e bttt b e b bt et et et e res 598
G.11  Byte SrEam fOIMAL .......ccuiiiieiieriieiieie ettt ettt ettt e et et e st e et esteesaessaesseesseenseessesnsesaeesseanseenseenseensennsesnsesnnas 603
G.12 Hypothetical referenCe AECORT .......cccuiieiiiiiiecie ettt ettt e e ee et e e taeebeeetaeesseesssaeenseessseenseeas 603
G.13 Supplemental enhancement INFOTTMATION ........ccccvieiiieriieiieeeie et erteeste et e e eeeteesbeeebeesbeeesseessseessseessseenseeas 603
G131 SEIPAYIOAA SYNEAX ...eeiuiiiiiieieiieitiieiieesiteeeteeseteeseaeestteessteestseessaeessseessseesssaessseessseensseessseensseenssesnsesesssennsses 604
G.13.2  SEI PAYIOAA SEMANTICS. ...cuuieerieieiierieeiieenteeiteesteestteessreestseesseeessseessseesaeesseeesseesseessseessessnseesssesenssesnseees 610
G.14  Video usability INFOIMAtION. ........ecieriieiieiteeieste ettt et e st et e e eatessaessee st eseenseeneesseanseanseenseensesnsessnesnnas 638
G.14.1  SVC VUI parameters eXtCNSION SYNEAX .......eecuerverrrerreerseersesressresseesseessesssesseesseessesssesssesssessesssesssesssesssesnes 639
G.14.2  SVC VUI parameters eXtenSiON SEIMANTICS ........uerveerrerrreerrerrerseesseesseessesseesseesseesseassesssesseessesssesssesssesssesnns 639
Annex H (normative) Multiview video coding 642
= B8 B 170 o1 O OSSP OUUST PP 642
H.2 NOIMALIVE TETETEICES ...c..eviiiiiniitiriiitiet ettt ettt st eh et b et e st e b bt eb e bt e bt et et e s bt sbeebt et etenaeas 642
H.3  DETIIIONS -.cuentetiteeeeeit ettt ettt et et b e bt b e e bt ea s et et b e st e e bt e bt e bt e bt ea b et et be e bt ebt et ebenae 642
Hid  ADDIEVIATIONS ...outitiiiitiiiieiteiet ettt ettt ettt b e bt bbbt e st et et e s bt e bt e at et e ae st e s bt sbeebt et etenaeas 644
5 BT O 1331 103 41O OSSPSR 644
H.6  Source, coded, decoded and output data formats, scanning processes, and neighbouring relationships.......... 644
H.7  Syntax and SEIMANLICS .....ccueeiiiieeitieiiieeiteeeeieeeiteeeeteeeteeeteeeteesteesseessseeasseessseessseesssaessseessseesssessssesssseesssessnsessnses 645
H.7.1 Method of specifying syntax in tabular fOIM .........cccveeeiiiiiiieeiieiieeeeceeee e e n 645
H.7.2 Specification of syntax functions, categories, and deSCIIPLOTS ........ccverveeriiecieeiierieriereerie e ereeeeneeeeens 645
H.7.3 Syntax in tabUIAr fOIM........ccciiiiiii ettt ettt e st esreebeesaesnnesneeeneenseeseens 645
H.7.4 SEIMANTICS ...ttt ettt b e bttt et et et st be s he bt eat e st et e st e b e st e bt ebees b et e st e e bt ebeeb s e e enbe e 649
H.8 MV C dCCOAING PIOCESS ...eeuvveueieutieieeiieeiesitesttesteeteeteestesseesseesseessesssesssesseesseesseanseanseessesssaseensaesseesseesseensesnsennes 663
H.8.1 MVC decoding process for picture Order COUNL ..........ccueerieeerieeiiieeriieeiieerieeeieeesieesreeeaeesreeeseesnseeenseens 663
H.8.2 MVC decoding process for reference picture listsS CONSIIUCTION ......cccueevvieeiieriieerieerieerieereeereeeiee e 664
H.8.3 MVC decoded reference picture marking PrOCESS........ccueerveerierriieenieesiieereeesteeesieeestreesseeenereesseeessneenseens 668
H.8.4 MVC inter prediction and inter-view prediction PrOCESS ......cccveeiveervierireeeireerieesreerreeseeesreesseeesseeessees 668
H.8.5 Specification of DItStrEAmM SUDSELS .......c.eeverieriieiieie ittt ettt ettt e te e seebessaesaeesseesseenseenseens 669
H.O  ParSING PrOCESS . uvieuvieueieuieetiestieteeteetestesttesteesseesseenseenseesaenseasseenseansesssesseesseesseenseenseenseanseassessaensaesseenseenseenseenns 673
H.10  Profiles and LEVEIS ......c.coiiiiiiiriiiiiiet ettt bbbttt ettt bbbt et e 673
HLTO. T PTOTIIES ..ttt bbbt ettt b e bbbt ettt ettt sb e ebe et esbeneebes 673
HLT0.2  LeVELS ettt ettt e b et et e e e s bt e bt e bt e bt e et e s et e eb e e bt e eb e e bt e be e bt e et et enes 674
) O O O )T (o0 1 (004 0 ) PSPPSR 678
H.12 MVC hypothetical 1eference deCOET.......c.uievuiiiiiiieiieciie ettt et sve e ebe e s beesebeessbeessseesnseesnses 678
H.I3 MVC SEIL IMESSAEES .. cuvteuteeuteitieitteitterttett et eite et te st e bt et es e eaeesbeesbee bt e bt eatesseeeateebee bt enbeenteemtenbeenbeebeenbeeneeeneeenee 678
Documents

. Document Sharin%.Hub
© ISO/IEC 2012 — All rights reserved 1]

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

H.I3.1  SEIMESSAZE SYNEAX.c...eeeutiiiiieriieetieeteeetteeteesteesateesteesateesaseesateesabeessseessseensteassseesteessaeasteesnseesateesnseesnne 678
H.13.2  SEI MESSAZE SCIMANTICS ......veeuveeiiertieiieiertesteseesstesseeseessesssesseesseesseessesssesssesssesseessesnsesssesssesseenseenseensesnsens 684
H.14  Video usability INfOrMAatioN ........coeiiiiiiiiiiiininereee ettt ettt sttt ae s b b eaeeneen 696
H.14.1 MVC VUI parameters eXtENSION SYNEAX ......ververrrerreerueeresresseesseeseesesssesssesssesseessesssesssesssesseesseessesssesssens 697
H.14.2 MVC VUI parameters eXteNnsSion SEMANTICS .......ee.eerueertiertieieetieniienteeteeteaitesteesseesteeseesseesseesseenseenseeneesseens 697
LIST OF FIGURES

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a frame.............c.ccoceeueenee. 18
Figure 6-2 — Nominal vertical and horizontal sampling locations of 4:2:0 samples in top and bottom fields.................... 19
Figure 6-3 — Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a frame..........c...ccccceceeee. 19
Figure 6-4 — Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom fields.........c...cc......... 20
Figure 6-5 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a frame...........c..c.ccoceeueenee. 20
Figure 6-6 — Nominal vertical and horizontal sampling locations of 4:4:4 samples top and bottom fields.........c..c.cccuce... 21
Figure 6-7 — A picture with 11 by 9 macroblocks that is partitioned into tWo SICES.........ceveererririiriieniiieceeeeeeee 22
Figure 6-8 — Partitioning of the decoded frame into MacrobloCk PAITS ..........cccueriirierieniiiiieie e 22

Figure 6-9 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans, and sub-macroblock partition

SCAILS .euvveeteuteutet e testt et e e st e st et et et e sb e e bt e ateae e e e e et s a e e bt e bt bt e et et et ekt a e h e R e e st b nh e bt eh e ea e st et e b e e bt e bt e ae oot e b et st e bt eueeane 24
Figure 6-10 — Scan for 4X4 TUMa DLOCKS ......cc.uetiiiriirtireeiceteteere ettt et sttt s b ettt sbe b bt eneen 25
Figure 6-11 — Scan for 8X8 TUMa DLOCKS ......cc.eetiiiriiriiriieiceeteteereet ettt sttt sttt se et bbbt enees 25
Figure 6-12 — Neighbouring macroblocks for a given macroblock ............cccceciiviininininiiiiiieeeeeeeeee e 27
Figure 6-13 — Neighbouring macroblocks for a given macroblock in MBAFF frames.........c.cccooeviiniiniiiiniinenieceee 28
Figure 6-14 — Determination of the neighbouring macroblock, blocks, and partitions (informative) ..........c..cccceevervenneene 29
Figure 7-1 — Structure of an access unit not containing any NAL units with nal unit type equal to 0, 7, 8, or in the range

of 12 to 18, inclusive, or in the range 0f 20 t0 31, INCIUSIVE ....cc.eeiiiiiiiiiiieiee e 70
Figure 8-1 — Intra_4x4 prediction mode directions (INfOrMAatIVE) ........ccccecueriiriiriririiiiienees et 135
Figure 8-2 — Example for temporal direct-mode motion vector inference (informative) ..........occevevereeveerienenenieneneens 167
Figure 8-3 — Directional segmentation prediction (InfOrmative) ..........cccecerririeriinieniie e 168

Figure 8-4 — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded blocks
with lower-case letters) for quarter sample Tuma Interpolation ............ccceevevieeiiieiiiieeiieeiieerie et eveesaee e 174

Figure 8-5 — Fractional sample position dependent variables in chroma interpolation and surrounding integer position

101 0] (ST A W & T G 3T I B OSSPSR 177

Figure 8-6 — Assignment of the indices of dcY to lumadx4BIKIAX .......coooeiiiiiiiiiiee e 183

Figure 8-7 — Assignment of the indices of dcC to chroma4x4Blkldx: (a) ChromaArrayType equal to 1, (b)
ChromaATITaYTYPE EQUALE0 2 ...oieeiiiiiiecieeciieeeie ettt ettt e stte ettt e et e eteeebeessteeesseesssbeesseessseeenseesnsseenseesnssessseessesnsses 185

Figure 8-8 — 4x4 block scans. (a) Zig-zag scan. (b) Field scan (informative) ..........ccocceveverierienieiieiesieieeeee e 187

Figure 8-9 — 8x8 block scans. (a) 8x8 zig-zag scan. (b) 8x8 field scan (Informative)..........ccceevveriierireciencienieeieieieene, 188

Figure 8-10 — Boundaries in a macroblock to be flltered ...........ooiiriiiiiiiiiiiiee e 208

Figure 8-11 — Convention for describing samples across a 4x4 block horizontal or vertical boundary ..........cccccecueeeeenee. 212

Figure 9-1 — Illustration of CABAC parsing process for a syntax element SE (informative) ..........cccccoeveneneninneecnennne 235

Figure 9-2 — Overview of the arithmetic decoding process for a single bin (informative)............cccoeeevvierieneeneeneneenne. 284

Figure 9-3 — Flowchart for decoding @ d@CISION .......cc.eiuiiiiiiiiieiieit ettt sttt ea ettt st saee e neee 285

Documents
viii © ISO/IEC 2012_A”|ﬂgrﬁgpgseerxe§haring Hub

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

Figure 9-4 — Flowchart of 1eN0TMAlIZAION ......eeecuieiiiiieiieeiie ettt ete et e ste e seveesaaeesebeessbeesseesnsaesnseeensseenseeensseenses 288
Figure 9-5 — Flowchart of bypass deCOAING PIOCESS ........uevuiruiertieriieiieieeiie ettt ettt sttt et te s bt e b e sbeeeeeeesaeeene 289
Figure 9-6 — Flowchart of decoding a decision before termination ..............cceecuereerieriiecieeieeieseeseesie e seeeae e snees 290
Figure 9-7 — Flowchart for encoding @ dECISION.........cc.eeruieriieiieiieiiestieste st e et e st et eteeereeeaessaessessaesseesseesseenseenseensenns 292
Figure 9-8 — Flowchart of renormalization in the €NCOAET . .........c.evieiiiriieiieie ettt ae e enne e 293
Figure 9-9 — Flowchart of PUtBIt(B) ...c..coiuiiiiiiiieieee ettt ettt ettt e b e beebe e eaeesaee e 294
Figure 9-10 — Flowchart 0f encoding DYPASS .....ccueeruiiiiiiiiieiieieet ettt sttt ettt beesbe e beeee e e eae 295
Figure 9-11 — Flowchart of encoding a decision before termination .............ccoeeverierieriiecieeieeiesieseesie e ie e eee e e 296
Figure 9-12 — Flowchart of flushing at termMination .............ccecierieriieiieniesiese et ete st et eaeeeaesaesseesaesseesseesseenseenneennenns 296
Figure C-1 — Structure of byte streams and NAL unit streams for HRD conformance checks..........ccccoovininiiniancennns 322
Figure C-2 — HRD BUFTEr MO ........oiuiiiiiiiiiiieiei ettt ettt ettt ettt eat e st e s bt e s be e beeneeemeeeaeeene 324

Figure D-1 — Rearrangement and upconversion of checkerboard interleaving (frame packing arrangement type equal
B0 0) ettt h et h et b e b e bt bt b e e bt bt b e bt ke et h e et b e bbbt b e s bbbt be e 390

Figure D-2 — Rearrangement and upconversion of column interleaving with frame packing arrangement type equal
to 1, quincunx_sampling flag equal to 0, and (X, y) equal to (0, 0) or (4, 8) for both constituent frames................ 390

Figure D-3 — Rearrangement and upconversion of column interleaving with frame packing arrangement_type equal to 1,
quincunx_sampling flag equal to 0, (x,y) equal to (0, 0) or (4, 8) for constituent frame 0 and (X, y) equal to (12, 8)
fOr CONSLITUCTIL TTAIME 1 ...ooneieiiieiieee ettt ettt st ettt et e a e ee e e b e s bt e sb e e s bt e nbeenbeeneesaeeene 391

Figure D-4 — Rearrangement and upconversion of row interleaving with frame packing arrangement type equal to 2,
quincunx_sampling flag equal to 0, and (X, y) equal to (0, 0) or (8, 4) for both constituent frames.........c...cc......... 391

Figure D-5 — Rearrangement and upconversion of row interleaving with frame packing arrangement type equal to 2,
quincunx_sampling_flag equal to 0, (x, y) equal to (0, 0) or (8, 4) for constituent frame 0, and (x, y) equal to (8, 12)

TOr CONSEILUCIIE fTAIME 1 ...oiiiiiiiiiiiieie et e ettt e e e et e e e e tae e e eeaaeeeeeaaaaeeeeateseeesseeeeeaseeeeasreeeans 392
Figure D-6 -  Rearrangement and  upconversion  of  side-by-side  packing  arrangement  with
frame packing arrangement type equal to 3, quincunx_sampling flag equal to 0, and (x, y) equal to (0, 0) or (4, 8)
fOr DOth CONSEITUENT fTAMIES.......ooiiiiiiiiii e et e et e e et e e e et e e e eete e e e eeaaeeeeeeateeeeeaeeeeeeaseeeeanseaeeans 392
Figure D-7 - Rearrangement and upconversion of  side-by-side packing arrangement with
frame packing arrangement type equal to 3, quincunx_sampling flag equal to 0, (x,y) equal to (12,8) for
constituent frame 0, and (x, y) equal to (0, 0) or (4, 8) for constituent frame 1 ..........ccccveeveiieriiierciieniieerieeie e 393
Figure D-8 @ —  Rearrangement and  upconversion  of  top-bottom  packing  arrangement  with
frame packing arrangement type equal to 4, quincunx_sampling flag equal to 0, and (x, y) equal to (0, 0) or (8, 4)
fOr DOth CONSEITUENT fTAIMIES........oiiiiiiiiiiiee et e et e et e e et e e e eeta e e e eeaaeeeeeeateeeeeaeeeeeeaseeeeaseeeeans 393
Figure D-9 - Rearrangement and upconversion of  top-bottom packing arrangement with
frame packing arrangement type equal to 4, quincunx_sampling flag equal to 0, (x,y) equal to (8, 12) for
constituent frame 0, and (x, y) equal to (0, 0) or (8, 4) for constituent frame 1 ........c.ccceverinininininiinininenenee 394

Figure D-10 — Rearrangement and upconversion of side-by-side packing arrangement with quincunx sampling
(frame packing arrangement type equal to 3 with quincunx_sampling flag equal to 1)....c.ccccceveeciininininicnicnnnnn 394

Figure D-11 — Rearrangement of a temporal interleaving frame arrangement (frame packing arrangement type equal to

) ettt bbbt a e a ettt h e bt bbbt e ettt b e bt b e bt e h e e Rt et bt bt e bt e et e et ettt bt eheea b et e b nbeehe bt eaeenee 395
Figure E-1 — Location of chroma samples for top and bottom fields for chroma format idc equal to 1 (4:2:0 chroma
format) as a function of chroma sample loc type top field and chroma sample loc type bottom field............ 407
Documents

Document Sharinq Hub
© ISO/IEC 2012 — All rights reserved X

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

LIST OF TABLES

Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table).........cccvvvvereierierienineens 13

Table 6-1 — SubWidthC, and SubHeightC values derived from chroma_ format idc and separate colour plane flag.... 17

Table 6-2 — Specification of input and output assignments for subclauses 6.4.11.1 t0 6.4.11.7 ...ccccoevevvevciiiiieccieerenen. 29
Table 6-3 — Specification 0f MBAAAIN .......coiiiiiiiei e ettt et et etb e e esteestessaesseesseeseenseenseennens 34
Table 6-4 — Specification of MBAAAIN and YIM ......ccoioiiiiiiieieeeee ettt et seesaesseesseeseensesnsesnnens 35
Table 7-1 — NAL unit type codes, syntax element categories, and NAL unit type Classes........cccceveeeieienienenenenieneneens 63
Table 7-2 — Assignment of mnemonic names to scaling list indices and specification of fall-back rule............cccccceeeee. 75
Table 7-3 — Specification of default scaling lists Default 4x4 Intra and Default 4x4 Inter ........c..ccccevirieniiiienienccenne 75
Table 7-4 — Specification of default scaling lists Default 8x8 Intra and Default 8x8 Inter...........cccccvevvevveciercierceennene 76
Table 7-5 — Meaning of PriMary PIC LYPE ...c.eecueererruerreerierterteesteeteateassessaesseesseesseaseassesssesseesseessesssesssesseesseessesssesssesssenns 84
Table 7-6 — Name aSs0CIation 10 SIICE LYPC .ovrevirieriieriieiieiieieete et te st ettt e te st e st esteeneeeseeesaesseessessaesseesseenseensesnsesnsenns 87
Table 7-7 — modification_of pic nums_idc operations for modification of reference picture listS........c.cccoceeveevcrencene 93
Table 7-8 — Interpretation of adaptive ref pic_marking mode flag........c.ccoooeiiiiiiiiiiiiiiiieee e 95
Table 7-9 — Memory management control operation (memory management _control_operation) values..............ccoue.. 96
Table 7-10 — Allowed collective macroblock types fOr SHCE tyPe......cevevirieiiierieriieie ettt 99
Table 7-11 — MacrobloCK tyPes fOT I SHICES ...ocuuiiiiiiiiiieiieciie ettt ettt ettt e e te e et eebeesebeessbeessseesnsaesnseesnseennns 100
Table 7-12 — Macroblock type with value 0 fOr ST SHICES ......uiiuiiiiieeiieiiieeieecite ettt e eteesreeeaeeseaeesnbeesnbaeensaeenne 101
Table 7-13 — Macroblock type values 0 to 4 for P and SP SHCES......cccuiiciiieiiieiiieeiie ettt e e 102
Table 7-14 — Macroblock type values 0 t0 22 fOr B SHICES .....ccvevuieriieiieiieieeiesiesee ettt eas 103
Table 7-15 — Specification of CodedBlockPatternChroma values ............cccceeriiriiiiiiiiienienieie e 105
Table 7-16 — Relationship between intra_chroma pred mode and spatial prediction modes..........cc.ceceeveerennenenncne. 106
Table 7-17 — Sub-macroblock types in P MacroblOCKS. ..........ccveeiiiiiiiieiieieeie ettt ve e sve e baesnseeenne 107
Table 7-18 — Sub-macroblock types in B MacroblOCKS ..........cccueiriiiiiiiiiieiiiecieese ettt st sreesbeeesee e 108
Table 8-1 — Refined SIiCe SroUpP MAP tYPEC ...evieeieiieieeieeiesteetert ettt teeteettesttesteesseesseesseenseeseesseenseenseensesnsennsesssesnnennes 118
Table 8-2 — Specification of Intra4x4PredMode[ luma4x4Blkldx ] and associated names..........c.ccoceeceevenvenienencnennenne. 134
Table 8-3 — Specification of Intra8x8PredMode[ luma8x8BIkIdx ] and associated names..........cccceeveveeriiencieenveeeineennns 141
Table 8-4 — Specification of Intral 6x16PredMode and associated NAMES ..........ccccveervieriiieniieeiieniieeiee e eeee v e evee e 148
Table 8-5 — Specification of Intra chroma prediction modes and associated NAMES ...........ccceveeeeierieneneneneneeiereneen 151
Table 8-6 — Specification of the Variable COIPIC..........iiciiiiirieieie ettt ettt et enbeeeaeseaesneeenis 160
Table 8-7 — Specification 0f PICCOAINZSIIUCT( X ).vvevreiirierieriieiieie et eiesee st et eteeteseeseee st eseenseeneenseensesssesssessnesseenns 160
Table 8-8 — Specification of mbAddrCol, yM, and VErtMVSCAle..........cccuvieriiiiiiieiieciie ettt e e 162
Table 8-9 — Assignment of prediction UtiliZation flags ..........cooeiiiiiiiiinie e e e 164
Table 8-10 — Derivation of the vertical component of the chroma vector in field coding mode .........c.cccceveveninenenncne. 170
Table 8-11 — Differential full-sample Tuma 10CAtIONS ..........ocieriieiieiieiecie ettt e eeae e saeeenes 175
Table 8-12 — Assignment of the luma prediction sample predPartLX [ Xp, YL ] cceeveerreereereeieriienienieieeie e see s 176
Table 8-13 — Specification of mapping of idx to ¢; for zig-zag and field scan.............c.c.ococooiiiiii 187
Table 8-14 — Specification of mapping of idx to c¢; for 8x8 zig-zag and 8x8 field scan.............ccoevvveiiiiiininne, 188
Documents
X © ISO/IEC 2012—Alllﬂgr%gpg§er|]\}e§haring Hub

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

Table 8-15 — Specification of QP¢ as @ fUNCtion Of QP ..cc.uiiiiieiiiiiiee e sre e 189
Table 8-16 — Derivation of offset dependent threshold variables o’ and B’ from indexA and indexB..........ccccecvrvenenee. 216
Table 8-17 — Value of variable t'cq as a function of indeXA and DS .........oooomiiiiiiiee e 217
Table 9-1 — Bit strings with "prefix" and "suffix" bits and assignment to codeNum ranges (informative) ...................... 220
Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative) ..........ccoceeveevrennne 220
Table 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elements se(v).............. 221
Table 9-4 — Assignment of codeNum to values of coded block pattern for macroblock prediction modes.................... 222
Table 9-5 — coeff token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )..........cceoeververrenirennne 227
Table 9-6 — Codeword table for level prefix (INfOrmMatiVe) .......c.evcueiieiierieriieie ettt eae e enee e 230
Table 9-7 — total_zeros tables for 4x4 blocks with tZVICINAEX 1 10 7..cooviiiiiiiiiiiiieiieieeee et 231
Table 9-8 — total_zeros tables for 4x4 blocks with tzVIcIndex 8 t0 15....cociiiiiiiiiie e 232
Table 9-9 — total_zeros tables for chroma DC 2X2 and 2X4 DIOCKS ......c.covvieriierieiieiieieeiesesees e 232
Table 9-10 — Tables fOr TUN DETOTE........ccuiiieiieiieiiee ettt ettt ettt e st et e st e es s e essessaesseesseesseenseenseensesnnenns 233
Table 9-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation process...............c........ 236
Table 9-12 — Values of variables m and n for ctxIdX from 0 t0 10 ........cccocieiiiiiniiiniiieieeeeeeeree e 237
Table 9-13 — Values of variables m and n for ctxIdx from 11 £0 23 ..ot 238
Table 9-14 — Values of variables m and n for ctxIdX from 24 £0 39 .....ccccociiiiiiiniiiiiiieteee e 238
Table 9-15 — Values of variables m and n for ctxIdx from 40 t0 53 .....cocooiiiiiiniiiee e 238
Table 9-16 — Values of variables m and n for ctxIdx from 54 to 59, and 399 t0 401........coovvvmeeiiiiiiiiieeeee e, 239
Table 9-17 — Values of variables m and n for ctxIdx from 60 t0 69 .........c.cceviniiiiiiiiiiiiccceeeeeee e 239
Table 9-18 — Values of variables m and n for ctxIdx from 70 t0 104 .........cccoeiiiiiniiiiieeeeeeeeeeee e 240
Table 9-19 — Values of variables m and n for ctxIdx from 105 t0 165 .....c.ccoueviiririniiiiiiiineeeeese e 241
Table 9-20 — Values of variables m and n for ctxIdX from 166 t0 226 ........cccoeririiririieiiiniinienieeeeeteesese e 242
Table 9-21 — Values of variables m and n for ctxIdX from 227 t0 275 .....ccoooveiiiiiiiniiieiciieneeecccesee e 243
Table 9-22 — Values of variables m and n for ctxIdxX from 277 t0 337 .....cccooveiiiiininiiieiiicieneeeeeesee e 244
Table 9-23 — Values of variables m and n for ctxIdx from 338 t0 398 ........ccoiiiiiiiiiiiiiii e 245
Table 9-24 — Values of variables m and n for ctxIdX from 402 t0 459 .......cooviiiiniiiiiiieiieeeeee e 246
Table 9-25 — Values of variables m and n for ctxIdx from 460 t0 483 ........ccoeiiririririeiiieeeee e 247
Table 9-26 — Values of variables m and n for ctxIdX from 484 t0 571 .....coooviviiniiiniiieieieecceeeeee e 248
Table 9-27 — Values of variables m and n for ctxIdX from 572 t0 659 ........cccoiviiiniiiiiiiiiincccceee e 250
Table 9-28 — Values of variables m and n for ctxIdX from 660 t0 717 ........ccevuiririririieiiiniineneeeeceeese e 252
Table 9-29 — Values of variables m and n for ctxIdX from 718 t0 775 ....coiiiiiiiniiiiiiieicreeee e 253
Table 9-30 — Values of variables m and n for ctxIdx from 776 t0 863 ........cccoeririririieiiiniineneeeteeesee e 254
Table 9-31 — Values of variables m and n for ctxIdx from 864 t0 951 ........ccoiviiiiiiiiiiiiicce e 256
Table 9-32 — Values of variables m and n for ctxIdx from 952 t0 1011 ..c..cocooiiiiiiniiiiiiiiiicieeccece e 258
Table 9-33 — Values of variables m and n for ctxIdx from 1012 t0 1023 ......ccccooiiiiinininiiieieerereeeeeesee e 259
Table 9-34 — Syntax elements and associated types of binarization, maxBinldxCtx, and ctxIdxOffset........c..cccccceecuenee 261
Table 9-35 — Bin string of the unary binarization (INfOrmMatiVe) ...........ceeiiuieeiiieiiiieniiereeee e ae e e sereesene s 264

Documents

) Document Sharin%(Hub
© ISO/IEC 2012 — All rights reserved [

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

Table 9-36 — Binarization for macroblock types N I SHCES ....cccueiriiiiiiieiiieeiieciieeie ettt e e sbeesbeeenee e 266
Table 9-37 — Binarization for macroblock types in P, SP, and B SIICES .......cccevcviiriiiiiiieniiieiie ettt 267
Table 9-38 — Binarization for sub-macroblock types in P, SP, and B SIICES........cccccuerierieniiiiieieieieeee e 268
Table 9-39 — Assignment of ctxIdxInc to binldx for all ctxIdxOffset values except those related to the syntax elements
coded block flag, significant coeff flag, last significant coeff flag, and coeff abs level minusl .................... 270
Table 9-40 — Assignment of ctxIldxBlockCatOffset to ctxBlockCat for syntax elements coded block flag,
significant coeff flag, last significant coeff flag, and coeff abs level minusl........cccocvcirviiiiiiininnincninnene. 271
Table 9-41 — Specification of ctxldxInc for specific values of ctxIdxOffset and binldX..........cceceeveevieniinininininenencnn. 280
Table 9-42 — Specification of ctxBlockCat for the different DIOCKS ........ccceevieiiiiieiiiiiie e 281
Table 9-43 — Mapping of scanning position to ctxIdxInc for ctxBlockCat == 5,9, 0r 13....ccccoiiiiiiiiniiniiieeeeee, 282
Table 9-44 — Specification of rangeTabLPS depending on pStateldx and qCodIRangeldX...........ccecveviieviveciencieniennnnne. 286
Table 9-45 — State transition tADLE ..........cc.cciiiriiiiiieii ettt 287
Table A-1 — LeVel LIMILS......cc.ioiiiiiiieiiicieere ettt sttt s e n e s e s neneeaes 307
Table A-2 — Specification of cpbBrVclFactor and cpbBrNalFactor..........ccccoiviriiieiieiiiiiniienccceeceeee e 310
Table A-3 — Baseline and Constrained Baseline profile level Imits ...........cocoooiiiiiiiiiiinininiiccceeceeeeee 311
Table A-4 — Main, High, Progressive High, High 10, High 4:2:2, High 4:4:4 Predictive, High 10 Intra, High 4:2:2 Intra,
High 4:4:4 Intra, and CAVLC 4:4:4 Intra profile level lImits .........ccccooviiiiiniiiiiiieeeee e 312
Table A-5 — Extended profile 1eVel THMILS ........ccuiieieiieiieciec ettt ettt sse et et e et e enaesnaessaesseennes 313
Table A-6 — Maximum frame rates (frames per second) for some example frame SIZes.........c.coceeereeierieninieneneneenne 314
Table A-7 — Maximum DPB size (frames) for some example frame SiZeS........c.ceeveeriiieeiieeiciieeiieniie e eieeesieeereesvee e 317
Table D-1 — Interpretation 0f PIC SEIUCE ......eitiiiiiieitiee ettt ettt ettt e bt e bt et eabeeatesetesbeesbeenaee 357
Table D-2 — Mapping of Ct_type t0 SOUICE PICTUIE SCAMN ......ecurerveeureerrereietieieeseeteseeseesseesseeseesseessessaesseessesssesssesseesseesses 358
Table D-3 — Definition of cOUNting_ tyPe VAIUES .....cceeviiiriieriieiieieeiieeieeee ettt et e st esseenbessaesnaesnnesneennes 359
Table D-4 — scene _transition tYPE VAIUCS ........ccueeruieiieiieierierie et et stte st eteetestesee s e esseenseenaeeseesseenseanseenseensesnsessnesseenses 367
Table D-5 — MOde] 1d VAIUES. ......coouiiiiiiiiiiee ettt ettt s beesb e et e et en e ea e eetesbeesaeenaee 375
Table D-6 — blending mode 1 VALUES ........oouiiiiiiiieiieee ettt ettt ettt et st s 376
Table D-7 — filter hint t¥Pe VAIUES ......ccuieiiieiieiecieeieee ettt ettt et et et esbesaeesstesseesseenseanseenseensesssessnesneenns 383
Table D-8 — Definition of frame packing arrangement tYPe.........cceevieruierierrieriieriieriesiesetesteeeeeeeseesseesseesaessaesseesseenns 386
Table D-9 — Definition of content Interpretation tYPE .......ccvereervierieriierienierteesieeeeseeseeseeesseeeesseesseesseessesssesssesseesseenses 387
Table E-1 — Meaning of sample aspect 1atio INAICALOT ........c..ceiuiiiiiiiiiiiieiieeee ettt 399
Table E-2 — Meaning of VIdE0 fOIMAL ........cceiiiiiiiiiiiiie ettt ettt sttt ettt s saeenaie 400
Table E-3 — COLOUL PIIMATIES ......eeevvetietieieeiteetiestesteesteetestesseesseesseasseesseassesssesseeseesseensesnsesssesseesseanseenseensenssenssessnesseesses 401
Table E-4 — Transfer CharaCteriStICS ..........couvirieiriirieiriiiciietee ettt n e 402
Table E-5 — MatrixX COCTIICIENES ......ccueiiiiiiiiiieii ettt ettt st sttt et e bbbt eae 405
Table E-6 — Divisor for computation 0f At gpn( 1) cooveveeeiieeiiieiiiecececc s 408
Table F-1 — Organisations providing patent rights licensing NOTICES..........coererieiiiirinine ettt 413
Table G-1 — Name association to slice_type for NAL units with nal unit_type equal to 20.........ccceeeeerierverenciereecenee. 456
Table G-2 — Interpretation of adaptive ref base pic marking mode flag.........cccccoviiiiiiiiiiiiiiniinieeeeee 465
Table G-3 — Memory management base control operation (memory management base control operation) values..... 466
Documents
Xii © ISO/IEC 2012_A”|ﬂgrﬁgpgseerxe§haring Hub

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

Table G-4 — Allowed collective macroblock types for SHCE tyPe. ....c.evoviiiiriiriiiiiieee e 469
Table G-5 — Inferred macroblock type I BL for EI SICES. .....coouiiriiiiiiiiiiiiiiiieierececeeeee e 469
Table G-6 — Scale values ¢S for transform coefficient level SCAliNG..........c.cccverieriieiiiriiirieeee e 534
Table G-7 — Macroblock type predictors MbTYPEILPIEd .........cc.oviiiiieiiieiieiecie et es 552
Table G-8 — Sub-macroblock type predictors subMbTypelLPred] mbPartldX ].......ccccceevvieiiiriinienieieeeie e 552
Table G-9 — 16-phase luma interpolation filter for resampling in Intra Base prediction ..........ccccceeevveiiiniencincnccieene 562
Table G-10 — Mapping of ( nX, nY ) to coeffTokenldx and VICE VETISa.........ceoueriiriirienieiieieeieeie et 589
Table G-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation process ....................... 593
Table G-12 — Values of variables m and n for ctxIdx from 1024 t0 1026 ......c..ccceririririiniinininereceeee e 593
Table G-13 — Values of variables m and n for ctxIdx from 1027 t0 1030 ......ccccciriiiiiiiiiiniiiniicceee e 593
Table G-14 — Syntax elements and associated types of binarization, maxBinldxCtx, and ctxIdxOffset..........c.cccvvenenen. 594
Table G-15 — Assignment of ctxldxInc to binldx for the ctxIdxOffset values related to the syntax elements
base mode flag and residual prediction flag...........ooiiiiiiiiiiii e 594
Table G-16 — Scalable Baseline profile [eVel HMILS..........ccieiiieiiiriiiiesieieie ettt e st e e e sseeseenseenneenneens 603
Table G-17 — Specification of cpbBrVclFactor and cpbBINaIFaCtOr ..........ccvveivieiiieiieieieeeieee et 603
Table H-1 — modification of pic nums_idc operations for modification of reference picture lists..........cccevvevrerenennene 662
Table H-2 — Association between camera parameter variables and syntax elements. ...........cccceeeeieerieeiieiieeeciee e 694
Documents

_ Document Sharin)%.Hub
© ISO/IEC 2012 — All rights reserved Il

Full document details: ISO_IEC 14496-10_2012


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(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 ISO 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 14496-10 was prepared 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.

This part of ISO/IEC 14496 is technically aligned with ITU-T Rec. H.264 but is not published as identical text.

This seventh edition cancels and replaces the sixth edition (ISO/IEC 14496-10:2010) which has been
technically revised.

ISO/IEC 14496 consists of the following parts, under the general title Information technology — Coding of
audio-visual objects:

— Part 1: Systems

— Part 2: Visual

— Part 3: Audio

— Part 4: Conformance testing

— Part 5: Reference software

— Part 6: Delivery Multimedia Integration Framework (DMIF)

— Part 7: Optimized reference software for coding of audio-visual objects [Technical Report]
— Part 8: Carriage of ISO/IEC 14496 contents over IP networks

— Part 9: Reference hardware description [Technical Report]

— Part 10: Advanced Video Coding

— Part 11: Scene description and application engine
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— Part 12: ISO base media file format

— Part 13: Intellectual Property Management and Protection (IPMP) extensions
— Part 14: MP4 file format

— Part 15: Advanced Video Coding (AVC) file format

— Part 16: Animation Framework eXtension (AFX)

— Part 17: Streaming text format

— Part 18: Font compression and streaming

— Part 19: Synthesized texture stream

— Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format (SAF)
— Part 21: MPEG-J Graphics Framework eXtensions (GFX)

— Part 22: Open Font Format

— Part 23: Symbolic Music Representation

— Part 24: Audio and systems interaction

— Part 25: 3D Graphics Compression Model

— Part 26: Audio conformance

— Part 27: 3D Graphics conformance
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0 Introduction

This clause does not form an integral part of this Recommendation | International Standard.

0.1 Prologue
This subclause does not form an integral part of this Recommendation | International Standard.

As the costs for both processing power and memory have reduced, network support for coded video data has diversified,
and advances in video coding technology have progressed, the need has arisen for an industry standard for compressed
video representation with substantially increased coding efficiency and enhanced robustness to network environments.
Toward these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group
(MPEG) formed a Joint Video Team (JVT) in 2001 for development of a new Recommendation | International Standard.

0.2 Purpose
This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard was developed in response to the growing need for higher compression of
moving pictures for various applications such as videoconferencing, digital storage media, television broadcasting,
internet streaming, and communication. It is also designed to enable the use of the coded video representation in a
flexible manner for a wide variety of network environments. The use of this Recommendation | International Standard
allows motion video to be manipulated as a form of computer data and to be stored on various storage media, transmitted
and received over existing and future networks and distributed on existing and future broadcasting channels.

0.3 Applications
This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard is designed to cover a broad range of applications for video content
including but not limited to the following:

CATV Cable TV on optical networks, copper, etc.

DBS Direct broadcast satellite video services

DSL Digital subscriber line video services

DTTB  Digital terrestrial television broadcasting

ISM Interactive storage media (optical disks, etc.)

MMM  Multimedia mailing

MSPN  Multimedia services over packet networks

RTC Real-time conversational services (videoconferencing, videophone, etc.)
RVS Remote video surveillance

SSM Serial storage media (digital VTR, etc.)

04 Publication and versions of this Specification
This subclause does not form an integral part of this Recommendation | International Standard.

This Specification has been jointly developed by ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving
Picture Experts Group. It is published as technically-aligned twin text in both organizations ITU-T and ISO/IEC.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 1 refers to the first approved version of this Recommendation |
International Standard.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 2 refers to the integrated text containing the corrections specified in the
first technical corrigendum.
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ITU-T Rec.H.264 | ISO/IEC 14496-10 version 3 refers to the integrated text containing both the first technical
corrigendum (2004) and the first amendment, which is referred to as the "Fidelity range extensions".

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 4 refers to the integrated text containing the first technical corrigendum
(2004), the first amendment (the "Fidelity range extensions"), and an additional technical corrigendum (2005).

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 5 refers to the integrated version 4 text with its specification of the
High 4:4:4 profile removed.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 6 refers to the integrated version 5 text after its amendment to support
additional colour space indicators.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 7 refers to the integrated version 6 text after its amendment to define five
new profiles intended primarily for professional applications (the High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra,
CAVLC 4:4:4 Intra, and High 4:4:4 Predictive profiles) and two new types of supplemental enhancement information
(SEI) messages (the post-filter hint SEI message and the tone mapping information SEI message).

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 8 refers to the integrated version 7 text after its amendment to specify
scalable video coding in three profiles (Scalable Baseline, Scalable High, and Scalable High Intra profiles).

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 9 refers to the integrated version 8 text after applying the corrections
specified in a third technical corrigendum.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 10 refers to the integrated version 9 text after its amendment to specify a
profile for multiview video coding (the Multiview High profile) and to define additional SEI messages.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 11 refers to the integrated version 10 text after its amendment to define a
new profile (the Constrained Baseline profile) intended primarily to enable implementation of decoders supporting only
the common subset of capabilities supported in various previously-specified profiles.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 12 refers to the integrated version 11 text after its amendment to define a
new profile (the Stereo High profile) for two-view video coding with support of interlaced coding tools and to specify an
additional SEI message specified as the frame packing arrangement SEI message. The changes for versions 11 and 12
were processed as a single amendment in the ISO/IEC approval process.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 13 refers to the integrated version 12 text with various minor corrections
and clarifications.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 14 refers to the integrated version 13 text after its amendment to define a
new level (Level 5.2) supporting higher processing rates in terms of maximum macroblocks per second and a new profile
(the Progressive High profile) to enable implementation of decoders supporting only the frame coding tools of the
previously-specified High profile.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 15 (the current Specification) refers to the integrated version 14 text with
miscellaneous corrections and clarifications as specified in a fifth technical corrigendum.

0.5 Profiles and levels
This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard is designed to be generic in the sense that it serves a wide range of
applications, bit rates, resolutions, qualities, and services. Applications should cover, among other things, digital storage
media, television broadcasting and real-time communications. In the course of creating this Specification, various
requirements from typical applications have been considered, necessary algorithmic elements have been developed, and
these have been integrated into a single syntax. Hence, this Specification will facilitate video data interchange among
different applications.

Considering the practicality of implementing the full syntax of this Specification, however, a limited number of subsets
of the syntax are also stipulated by means of "profiles" and "levels". These and other related terms are formally defined in
clause 3.

A "profile" is a subset of the entire bitstream syntax that is specified by this Recommendation | International Standard.
Within the bounds imposed by the syntax of a given profile it is still possible to require a very large variation in the
performance of encoders and decoders depending upon the values taken by syntax elements in the bitstream such as the
specified size of the decoded pictures. In many applications, it is currently neither practical nor economic to implement a
decoder capable of dealing with all hypothetical uses of the syntax within a particular profile.
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In order to deal with this problem, "levels" are specified within each profile. A level is a specified set of constraints
imposed on values of the syntax elements in the bitstream. These constraints may be simple limits on values.
Alternatively they may take the form of constraints on arithmetic combinations of values (e.g., picture width multiplied
by picture height multiplied by number of pictures decoded per second).

Coded video content conforming to this Recommendation | International Standard uses a common syntax. In order to
achieve a subset of the complete syntax, flags, parameters, and other syntax elements are included in the bitstream that
signal the presence or absence of syntactic elements that occur later in the bitstream.

0.6 Overview of the design characteristics
This subclause does not form an integral part of this Recommendation | International Standard.

The coded representation specified in the syntax is designed to enable a high compression capability for a desired image
quality. With the exception of the transform bypass mode of operation for lossless coding in the High 4:4:4 Intra,
CAVLC 4:4:4 Intra, and High 4:4:4 Predictive profiles, and the I PCM mode of operation in all profiles, the algorithm is
typically not lossless, as the exact source sample values are typically not preserved through the encoding and decoding
processes. A number of techniques may be used to achieve highly efficient compression. Encoding algorithms (not
specified in this Recommendation | International Standard) may select between inter and intra coding for block-shaped
regions of each picture. Inter coding uses motion vectors for block-based inter prediction to exploit temporal statistical
dependencies between different pictures. Intra coding uses various spatial prediction modes to exploit spatial statistical
dependencies in the source signal for a single picture. Motion vectors and intra prediction modes may be specified for a
variety of block sizes in the picture. The prediction residual is then further compressed using a transform to remove
spatial correlation inside the transform block before it is quantised, producing an irreversible process that typically
discards less important visual information while forming a close approximation to the source samples. Finally, the
motion vectors or intra prediction modes are combined with the quantised transform coefficient information and encoded
using either variable length coding or arithmetic coding.

Scalable video coding is specified in Annex G allowing the construction of bitstreams that contain sub-bitstreams that
conform to this Specification. For temporal bitstream scalability, i.e., the presence of a sub-bitstream with a smaller
temporal sampling rate than the bitstream, complete access units are removed from the bitstream when deriving the
sub-bitstream. In this case, high-level syntax and inter prediction reference pictures in the bitstream are constructed
accordingly. For spatial and quality bitstream scalability, i.e., the presence of a sub-bitstream with lower spatial
resolution or quality than the bitstream, NAL units are removed from the bitstream when deriving the sub-bitstream. In
this case, inter-layer prediction, i.e., the prediction of the higher spatial resolution or quality signal by data of the lower
spatial resolution or quality signal, is typically used for efficient coding. Otherwise, the coding algorithm as described in
the previous paragraph is used.

Multiview video coding is specified in Annex H allowing the construction of bitstreams that represent multiple views.
Similar to scalable video coding, bitstreams that represent multiple views may also contain sub-bitstreams that conform
to this Specification. For temporal bitstream scalability, i.e., the presence of a sub-bitstream with a smaller temporal
sampling rate than the bitstream, complete access units are removed from the bitstream when deriving the sub-bitstream.
In this case, high-level syntax and inter prediction reference pictures in the bitstream are constructed accordingly. For
view bitstream scalability, i.e. the presence of a sub-bitstream with fewer views than the bitstream, NAL units are
removed from the bitstream when deriving the sub-bitstream. In this case, inter-view prediction, i.e., the prediction of one
view signal by data of another view signal, is typically used for efficient coding. Otherwise, the coding algorithm as
described in the previous paragraph is used.

0.6.1 Predictive coding
This subclause does not form an integral part of this Recommendation | International Standard.

Because of the conflicting requirements of random access and highly efficient compression, two main coding types are
specified. Intra coding is done without reference to other pictures. Intra coding may provide access points to the coded
sequence where decoding can begin and continue correctly, but typically also shows only moderate compression
efficiency. Inter coding (predictive or bi-predictive) is more efficient using inter prediction of each block of sample
values from some previously decoded picture selected by the encoder. In contrast to some other video coding standards,
pictures coded using bi-predictive inter prediction may also be used as references for inter coding of other pictures.

The application of the three coding types to pictures in a sequence is flexible, and the order of the decoding process is
generally not the same as the order of the source picture capture process in the encoder or the output order from the
decoder for display. The choice is left to the encoder and will depend on the requirements of the application. The
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decoding order is specified such that the decoding of pictures that use inter-picture prediction follows later in decoding
order than other pictures that are referenced in the decoding process.

0.6.2 Coding of progressive and interlaced video
This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard specifies a syntax and decoding process for video that originated in either
progressive-scan or interlaced-scan form, which may be mixed together in the same sequence. The two ficlds of an
interlaced frame are separated in capture time while the two fields of a progressive frame share the same capture time.
Each field may be coded separately or the two fields may be coded together as a frame. Progressive frames are typically
coded as a frame. For interlaced video, the encoder can choose between frame coding and field coding. Frame coding or
field coding can be adaptively selected on a picture-by-picture basis and also on a more localized basis within a coded
frame. Frame coding is typically preferred when the video scene contains significant detail with limited motion. Field
coding typically works better when there is fast picture-to-picture motion.

0.6.3  Picture partitioning into macroblocks and smaller partitions
This subclause does not form an integral part of this Recommendation | International Standard.

As in previous video coding Recommendations and International Standards, a macroblock, consisting of a 16x16 block
of luma samples and two corresponding blocks of chroma samples, is used as the basic processing unit of the video
decoding process.

A macroblock can be further partitioned for inter prediction. The selection of the size of inter prediction partitions is a
result of a trade-off between the coding gain provided by using motion compensation with smaller blocks and the
quantity of data needed to represent the data for motion compensation. In this Recommendation | International Standard
the inter prediction process can form segmentations for motion representation as small as 4x4 luma samples in size, using
motion vector accuracy of one-quarter of the luma sample grid spacing displacement. The process for inter prediction of
a sample block can also involve the selection of the picture to be used as the reference picture from a number of stored
previously-decoded pictures. Motion vectors are encoded differentially with respect to predicted values formed from
nearby encoded motion vectors.

Typically, the encoder calculates appropriate motion vectors and other data elements represented in the video data
stream. This motion estimation process in the encoder and the selection of whether to use inter prediction for the
representation of each region of the video content is not specified in this Recommendation | International Standard.

0.6.4  Spatial redundancy reduction
This subclause does not form an integral part of this Recommendation | International Standard.

Both source pictures and prediction residuals have high spatial redundancy. This Recommendation | International
Standard is based on the use of a block-based transform method for spatial redundancy removal. After inter prediction
from previously-decoded samples in other pictures or spatial-based prediction from previously-decoded samples within
the current picture, the resulting prediction residual is split into 4x4 blocks. These are converted into the transform
domain where they are quantised. After quantisation many of the transform coefficients are zero or have low amplitude
and can thus be represented with a small amount of encoded data. The processes of transformation and quantisation in the
encoder are not specified in this Recommendation | International Standard.

0.7 How to read this Specification
This subclause does not form an integral part of this Recommendation | International Standard.

It is suggested that the reader starts with clause 1 (Scope) and moves on to clause 3 (Definitions). Clause 6 should be read
for the geometrical relationship of the source, input, and output of the decoder. Clause 7 (Syntax and semantics) specifies
the order to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical order and see subclause 7.4
for semantics; i.e., the scope, restrictions, and conditions that are imposed on the syntax elements. The actual parsing for
most syntax elements is specified in clause 9 (Parsing process). Finally, clause 8 (Decoding process) specifies how the
syntax elements are mapped into decoded samples. Throughout reading this Specification, the reader should refer to
clauses 2 (Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through E, G, and H
also form an integral part of this Recommendation | International Standard.

Annex A specifies thirteen profiles (Baseline, Constrained Baseline, Main, Extended, High, Progressive High, High 10,
High 4:2:2, High 4:4:4 Predictive, High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, and CAVLC 4:4:4 Intra), each being
tailored to certain application domains, and defines the so-called levels of the profiles. Annex B specifies syntax and
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semantics of a byte stream format for delivery of coded video as an ordered stream of bytes. Annex C specifies the
hypothetical reference decoder and its use to check bitstream and decoder conformance. Annex D specifies syntax and
semantics for supplemental enhancement information message payloads. Annex E specifies syntax and semantics of the
video usability information parameters of the sequence parameter set.

Annex G specifies scalable video coding (SVC). The reader is referred to Annex G for the entire decoding process for
SVC, which is specified there with references being made to clauses 2-9 and Annexes A-E. Subclause G.10 specifies
three profiles for SVC (Scalable Baseline, Scalable High, and Scalable High Intra).

Annex H specifies multiview video coding (MVC). The reader is referred to Annex H for the entire decoding process for
MVC, which is specified there with references being made to clauses 2-9 and Annexes A-E. Subclause H.10 specifies
two profiles for MVC (Multiview High and Stereo High).

Throughout this Specification, statements appearing with the preamble "NOTE -" are informative and are not an integral
part of this Recommendation | International Standard.
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Information technology — Coding of audio-visual objects —

Part 10:
Advanced Video Coding

1 Scope
This Part of ISO/IEC 14496 specifies advanced video coding for coding of audio-visual objects.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references, only
the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

— ITU-T Recommendation T.35 (2000), Procedure for the allocation of ITU-T defined codes for
non-standard facilities.

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

— ISO 11664-1, Colorimetry — Part 1: CIE standard colovimetric observers.

3 Definitions

For the purposes of this document, the following definitions apply:

3.1 access unit: A set of NAL units that are consecutive in decoding order and contain exactly one primary coded
picture. In addition to the primary coded picture, an access unit may also contain one or more redundant coded
pictures, one auxiliary coded picture, or other NAL units not containing slices or slice data partitions of a
coded picture. The decoding of an access unit always results in a decoded picture.

3.2 AC transform coefficient: Any transform coefficient for which the frequency index in one or both dimensions
is non-zero.
3.3 adaptive binary arithmetic decoding process: An entropy decoding process that derives the values of bins

from a bitstream produced by an adaptive binary arithmetic encoding process.

34 adaptive binary arithmetic encoding process: An entropy encoding process, not normatively specified in this
Recommendation | International Standard, that codes a sequence of bins and produces a bitstream that can be
decoded using the adaptive binary arithmetic decoding process.

3.5 alpha blending: A process not specified by this Recommendation | International Standard, in which an
auxiliary coded picture is used in combination with a primary coded picture and with other data not specified
by this Recommendation | International Standard in the display process. In an alpha blending process, the
samples of an auxiliary coded picture are interpreted as indications of the degree of opacity (or, equivalently,
the degrees of transparency) associated with the corresponding /uma samples of the primary coded picture.

3.6 arbitrary slice order (ASO): A decoding order of slices in which the macroblock address of the first
macroblock of some slice of a slice group may be less than the macroblock address of the first macroblock of
some other preceding sl/ice of the same slice group or, in the case of a picture that is coded using three separate
colour planes, some other preceding slice of the same slice group within the same colour plane, or in which the
slices of a slice group of a picture may be interleaved with the slices of one or more other slice groups of the
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picture or, in the case of a picture that is coded using three separate colour planes, with the slices of one or
more other slice groups within the same colour plane.

3.7 auxiliary coded picture: A picture that supplements the primary coded picture that may be used in
combination with other data not specified by this Recommendation | International Standard in the display
process. An auxiliary coded picture has the same syntactic and semantic restrictions as a monochrome
redundant coded picture. An auxiliary coded picture must contain the same number of macroblocks as the
primary coded picture. Auxiliary coded pictures have no normative effect on the decoding process. See also
primary coded picture and redundant coded picture.

3.8 B slice: A slice that may be decoded using intra prediction or inter prediction using at most two motion vectors
and reference indices to predict the sample values of each block.

39 bin: One bit of a bin string.

3.10 binarization: A set of bin strings for all possible values of a syntax element.

3.11 binarization process: A unique mapping process of all possible values of a syntax element onto a set of bin
Strings.

3.12 bin string: A string of bins. A bin string is an intermediate binary representation of values of syntax elements

from the binarization of the syntax element.
3.13 bi-predictive slice: See B slice.

3.14 bitstream: A sequence of bits that forms the representation of coded pictures and associated data forming one
or more coded video sequences. Bitstream is a collective term used to refer either to a NAL unit stream or a byte
stream.

3.15 block: An MxN (M-column by N-row) array of samples, or an MxN array of transform coefficients.

3.16 bottom field: One of two fields that comprise a frame. Each row of a bottom field is spatially located
immediately below a corresponding row of a fop field.

3.17 bottom macroblock (of a macroblock pair): The macroblock within a macroblock pair that contains the
samples in the bottom row of samples for the macroblock pair. For a field macroblock pair, the bottom
macroblock represents the samples from the region of the botfom field of the frame that lie within the spatial
region of the macroblock pair. For a frame macroblock pair, the bottom macroblock represents the samples of
the frame that lie within the bottom half of the spatial region of the macroblock pair.

3.18 broken link: A location in a bitstream at which it is indicated that some subsequent pictures in decoding order
may contain serious visual artefacts due to unspecified operations performed in the generation of the bitstream.

3.19 byte: A sequence of 8 bits, written and read with the most significant bit on the left and the least significant bit
on the right. When represented in a sequence of data bits, the most significant bit of a byte is first.

3.20 byte-aligned: A position in a bitstream is byte-aligned when the position is an integer multiple of 8 bits from
the position of the first bit in the bitstream. A bit or byte or syntax element is said to be byte-aligned when the
position at which it appears in a bitstream is byte-aligned.

3.21 byte stream: An encapsulation of a NAL unit stream containing start code prefixes and NAL units as specified
in Annex B.

3.22 can: A term used to refer to behaviour that is allowed, but not necessarily required.

3.23 category: A number associated with each syntax element. The category is used to specify the allocation of

syntax elements to NAL units for slice data partitioning. It may also be used in a manner determined by the
application to refer to «classes of syntax elements in a manner not specified in this
Recommendation | International Standard.

3.24 chroma: An adjective specifying that a sample array or single sample is representing one of the two colour
difference signals related to the primary colours. The symbols used for a chroma array or sample are Cb and
Cr.

NOTE - The term chroma is used rather than the term chrominance in order to avoid the implication of the use of linear
light transfer characteristics that is often associated with the term chrominance.

3.25 coded field: A coded representation of a field.
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3.26 coded frame: A coded representation of a frame.

3.27 coded picture: A coded representation of a picture. A coded picture may be either a coded field or a coded
frame. Coded picture is a collective term referring to a primary coded picture or a redundant coded picture, but
not to both together.

3.28 coded picture buffer (CPB): A first-in first-out buffer containing access units in decoding order specified in
the hypothetical reference decoder in Annex C.

3.29 coded representation: A data element as represented in its coded form.
3.30 coded slice data partition NAL unit: A NAL unit containing a slice data partition.
3.31 coded slice NAL unit: A NAL unit containing a slice that is not a slice of an auxiliary coded picture.

3.32 coded video sequence: A sequence of access units that consists, in decoding order, of an IDR access unit
followed by zero or more non-IDR access units including all subsequent access units up to but not including
any subsequent /DR access unit.

3.33 component: An array or single sample from one of the three arrays (/uma and two chroma) that make up a field
or frame in 4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample of the array that make up a field
or frame in monochrome format.

3.34 complementary field pair: A collective term for a complementary reference field pair or a complementary
non-reference field pair.

3.35 complementary non-reference field pair: Two non-reference fields that are in consecutive access units in
decoding order as two coded fields of opposite parity and share the same value of the frame num syntax
element, where the first field is not already a paired field.

3.36 complementary reference field pair: Two reference fields that are in consecutive access units in decoding
order as two coded fields and share the same value of the frame num synfax element, where the second field in
decoding order is not an IDR picture and does not include a memory management control operation syntax
element equal to 5.

3.37 context variable: A variable specified for the adaptive binary arithmetic decoding process of a bin by an
equation containing recently decoded bins.

3.38 DC transform coefficient: A transform coefficient for which the frequency index is zero in all dimensions.

3.39 decoded picture: A decoded picture is derived by decoding a coded picture. A decoded picture is either a
decoded frame, or a decoded field. A decoded field is either a decoded top field or a decoded bottom field.

3.40 decoded picture buffer (DPB): A buffer holding decoded pictures for reference, output reordering, or output
delay specified for the hypothetical reference decoder in Annex C.

3.41 decoder: An embodiment of a decoding process.

3.42 decoder under test (DUT): A decoder that is tested for conformance to this Recommendation | International
Standard by operating the hypothetical stream scheduler to deliver a conforming bitstream to the decoder and
to the hypothetical reference decoder and comparing the values and timing of the output of the two decoders.

3.43 decoding order: The order in which syntax elements are processed by the decoding process.

3.44 decoding process: The process specified in this Recommendation | International Standard that reads a
bitstream and derives decoded pictures from it.

3.45 direct prediction: An inter prediction for a block for which no motion vector is decoded. Two direct prediction
modes are specified that are referred to as spatial direct prediction and temporal prediction mode.

3.46 display process: A process not specified in this Recommendation | International Standard having, as its input,
the cropped decoded pictures that are the output of the decoding process.

3.47 emulation prevention byte: A byte equal to 0x03 that may be present within a NAL unit. The presence of
emulation prevention bytes ensures that no sequence of consecutive byte-aligned bytes in the NAL unit contains
a start code prefix.

3.48 encoder: An embodiment of an encoding process.
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3.49 encoding process: A process, not specified in this Recommendation | International Standard, that produces a
bitstream conforming to this Recommendation | International Standard.

3.50 field: An assembly of alternate rows of a frame. A frame is composed of two fields, a top field and a bottom
field.
3.51 field macroblock: A macroblock containing samples from a single field. All macroblocks of a coded field are

field macroblocks. When macroblock-adaptive frame/field decoding is in use, some macroblocks of a coded
frame may be field macroblocks.

3.52 field macroblock pair: A macroblock pair decoded as two field macroblocks.

3.53 field scan: A specific sequential ordering of transform coefficients that differs from the zig-zag scan by
scanning columns more rapidly than rows. Field scan is used for transform coefficients in field macroblocks.

3.54 flag: A variable that can take one of the two possible values 0 and 1.

3.55 frame: A frame contains an array of luma samples in monochrome format or an array of /uma samples and two
corresponding arrays of chroma samples in 4:2:0, 4:2:2, and 4:4:4 colour format. A frame consists of two
fields, a top field and a bottom field.

3.56 frame macroblock: A macroblock representing samples from the two fields of a coded frame. When
macroblock-adaptive frame/field decoding is not in use, all macroblocks of a coded frame are frame
macroblocks. When macroblock-adaptive frame/field decoding is in use, some macroblocks of a coded frame
may be frame macroblocks.

3.57 frame macroblock pair: A macroblock pair decoded as two frame macroblocks.

3.58 frequency index: A one-dimensional or two-dimensional index associated with a transform coefficient prior to
an inverse transform part of the decoding process.

3.59 hypothetical reference decoder (HRD): A hypothetical decoder model that specifies constraints on the
variability of conforming NAL unit streams or conforming byte streams that an encoding process may produce.

3.60 hypothetical stream scheduler (HSS): A hypothetical delivery mechanism for the timing and data flow of the
input of a bitstream into the hypothetical reference decoder. The HSS is used for checking the conformance of
a bitstream or a decoder.

3.61 I slice: A slice that is not an S/ slice that is decoded using intra prediction only.

3.62 informative: A term used to refer to content provided in this Recommendation | International Standard that is
not an integral part of this Recommendation | International Standard. Informative content does not establish any
mandatory requirements for conformance to this Recommendation | International Standard.

3.63 instantaneous decoding refresh (IDR) access unit: An access unit in which the primary coded picture is an
IDR picture.

3.64 instantaneous decoding refresh (IDR) picture: A coded picture for which the variable IdrPicFlag is equal
to 1. An IDR picture causes the decoding process to mark all reference pictures as "unused for reference"
immediately after the decoding of the IDR picture. All coded pictures that follow an IDR picture in decoding
order can be decoded without inter prediction from any picture that precedes the IDR picture in decoding
order. The first picture of each coded video sequence in decoding order is an IDR picture.

3.65 inter coding: Coding of a block, macroblock, slice, or picture that uses inter prediction.

3.66 inter prediction: A prediction derived from decoded samples of reference pictures other than the current
decoded picture.

3.67 interpretation sample value: A possibly-altered value corresponding to a decoded sample value of an

auxiliary coded picture that may be generated for use in the display process. Interpretation sample values are
not used in the decoding process and have no normative effect on the decoding process.

3.68 intra coding: Coding of a block, macroblock, slice, or picture that uses intra prediction.
3.69 intra prediction: A prediction derived from the decoded samples of the same decoded s/ice.
3.70 intra slice: See / slice.
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3.71 inverse transform: A part of the decoding process by which a set of transform coefficients are converted into
spatial-domain values, or by which a set of transform coefficients are converted into DC transform coefficients.

3.72 layer: One of a set of syntactical structures in a non-branching hierarchical relationship. Higher layers contain
lower layers. The coding layers are the coded video sequence, picture, slice, and macroblock layers.

3.73 level: A defined set of constraints on the values that may be taken by the syntax elements and variables of this
Recommendation | International Standard. The same set of levels is defined for all profiles, with most aspects
of the definition of each level being in common across different profiles. Individual implementations may,
within specified constraints, support a different level for each supported profile. In a different context, a level is
the value of a transform coefficient prior to scaling (see the definition of transform coefficient level).

3.74 list: A one-dimensional array of syntax elements or variables.

3.75 list 0 (list 1) motion vector: A motion vector associated with a reference index pointing into reference picture
list 0 (list 1).

3.76 list 0 (list 1) prediction: Inter prediction of the content of a slice using a reference index pointing into

reference picture list 0 (list 1).

3.77 luma: An adjective specifying that a sample array or single sample is representing the monochrome signal
related to the primary colours. The symbol or subscript used for luma is Y or L.
NOTE — The term luma is used rather than the term luminance in order to avoid the implication of the use of linear light

transfer characteristics that is often associated with the term luminance. The symbol L is sometimes used instead of the
symbol Y to avoid confusion with the symbol y as used for vertical location.

3.78 macroblock: A 16x16 block of luma samples and two corresponding blocks of chroma samples of a picture
that has three sample arrays, or a 16x16 block of samples of a monochrome picture or a picture that is coded
using three separate colour planes. The division of a slice or a macroblock pair into macroblocks is a
partitioning.

3.79 macroblock-adaptive frame/field decoding: A decoding process for coded frames in which some
macroblocks may be decoded as frame macroblocks and others may be decoded as field macroblocks.

3.80 macroblock address: When macroblock-adaptive frame/field decoding is not in use, a macroblock address is
the index of a macroblock in a macroblock raster scan of the picture starting with zero for the top-left
macroblock in a picture. When macroblock-adaptive frame/field decoding is in use, the macroblock address of
the top macroblock of a macroblock pair is two times the index of the macroblock pair in a macroblock pair
raster scan of the picture, and the macroblock address of the bottom macroblock of a macroblock pair is the
macroblock address of the corresponding top macroblock plus 1. The macroblock address of the fop
macroblock of each macroblock pair is an even number and the macroblock address of the bottom macroblock
of each macroblock pair is an odd number.

3.81 macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted by ( x,y ). For
the top left macroblock of the picture (x,y) is equal to (0, 0). x is incremented by 1 for each macroblock
column from left to right. When macroblock-adaptive frame/field decoding is not in use, y is incremented by 1
for each macroblock row from top to bottom. When macroblock-adaptive frame/field decoding is in use, y is
incremented by 2 for each macroblock pair row from top to bottom, and is incremented by an additional 1
when a macroblock is a bottom macroblock.

3.82 macroblock pair: A pair of vertically contiguous macroblocks in a frame that is coupled for use in
macroblock-adaptive frame/field decoding. The division of a slice into macroblock pairs is a partitioning.

3.83 macroblock partition: A block of luma samples and two corresponding blocks of chroma samples resulting
from a partitioning of a macroblock for inter prediction for a picture that has three sample arrays or a block of
luma samples resulting from a partitioning of a macroblock for inter prediction for a monochrome picture or a
picture that is coded using three separate colour planes.

3.84 macroblock to slice group map: A means of mapping macroblocks of a picture into slice groups. The
macroblock to slice group map consists of a list of numbers, one for each coded macroblock, specifying the
slice group to which each coded macroblock belongs.

3.85 map unit to slice group map: A means of mapping slice group map units of a picture into slice groups. The
map unit to slice group map consists of a list of numbers, one for each slice group map unit, specifying the
slice group to which each coded slice group map unit belongs.
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3.86 matrix: A two-dimensional array of syntax elements or variables.

3.87 may: A term used to refer to behaviour that is allowed, but not necessarily required. In some places where the
optional nature of the described behaviour is intended to be emphasized, the phrase "may or may not" is used to
provide emphasis.

3.88 memory management control operation: Seven operations that control reference picture marking.

3.89 motion vector: A two-dimensional vector used for inter prediction that provides an offset from the coordinates
in the decoded picture to the coordinates in a reference picture.

3.90 must: A term used in expressing an observation about a requirement or an implication of a requirement that is
specified elsewhere in this Recommendation | International Standard. This term is used exclusively in an
informative context.

391 NAL unit: A syntax structure containing an indication of the type of data to follow and bytes containing that
data in the form of an RBSP interspersed as necessary with emulation prevention bytes.

3.92 NAL unit stream: A sequence of NAL units.
3.93 non-paired field: A collective term for a non-paired reference field or a non-paired non-reference field.

3.94 non-paired non-reference field: A decoded non-reference field that is not part of a complementary
non-reference field pair.

3.95 non-paired reference field: A decoded reference field that is not part of a complementary reference field pair.
3.96 non-reference field: A field coded with nal ref idc equal to 0.
3.97 non-reference frame: A frame coded with nal_ref idc equal to 0.

3.98 non-reference picture: A picture coded with nal ref idc equal to 0. A non-reference picture is not used for
inter prediction of any other pictures.

3.99 note: A term used to prefix informative remarks. This term is used exclusively in an informative context.
3.100  opposite parity: The opposite parity of top is bottom, and vice versa.
3.101 output order: The order in which the decoded pictures are output from the decoded picture buffer.

3.102 P slice: A slice that is not an SP slice that may be decoded using intra prediction or inter prediction using at
most one motion vector and reference index to predict the sample values of each block.

3.103  parameter: A syntax element of a sequence parameter set or a picture parameter set. Parameter is also used as
part of the defined term quantisation parameter.

3.104  parity: The parity of a field can be top or bottom.
3.105  partitioning: The division of a set into subsets such that each element of the set is in exactly one of the subsets.
3.106  picture: A collective term for a field or a frame.

3.107  picture parameter set: A syntax structure containing syntax elements that apply to zero or more entire coded
pictures as determined by the pic_parameter_set id syntax element found in each slice header.

3.108 picture order count: A variable that is associated with each coded field and each field of a coded frame and
has a value that is non-decreasing with increasing field position in output order relative to the first output field
of the previous /DR picture in decoding order or relative to the first output field of the previous picture, in
decoding order, that contains a memory management control operation that marks all reference pictures as
"unused for reference".

3.109  prediction: An embodiment of the prediction process.

3.110  prediction process: The use of a predictor to provide an estimate of the sample value or data element currently
being decoded.

3.111 predictive slice: See P slice.

3.112  predictor: A combination of specified values or previously decoded sample values or data elements used in the
decoding process of subsequent sample values or data elements.
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3.113 primary coded picture: The coded representation of a picture to be used by the decoding process for a
bitstream conforming to this Recommendation | International Standard. The primary coded picture contains all
macroblocks of the picture. The only pictures that have a normative effect on the decoding process are primary
coded pictures. See also redundant coded picture.

3.114  profile: A specified subset of the syntax of this Recommendation | International Standard.
3.115 quantisation parameter: A variable used by the decoding process for scaling of transform coefficient levels.

3.116  random access: The act of starting the decoding process for a bitstream at a point other than the beginning of
the stream.

3.117  raster scan: A mapping of a rectangular two-dimensional pattern to a one-dimensional pattern such that the
first entries in the one-dimensional pattern are from the first top row of the two-dimensional pattern scanned
from left to right, followed similarly by the second, third, etc., rows of the pattern (going down) each scanned
from left to right.

3.118 raw byte sequence payload (RBSP): A syntax structure containing an integer number of bytes that is
encapsulated in a NAL unit. An RBSP is either empty or has the form of a string of data bits containing syntax
elements followed by an RBSP stop bit and followed by zero or more subsequent bits equal to 0.

3.119 raw byte sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequence payload
(RBSP) after a string of data bits. The location of the end of the string of data bits within an RBSP can be
identified by searching from the end of the RBSP for the RBSP stop bit, which is the last non-zero bit in the
RBSP.

3.120 recovery point: A point in the bitstream at which the recovery of an exact or an approximate representation of
the decoded pictures represented by the bitstream is achieved after a random access or broken link.

3.121 redundant coded picture: A coded representation of a picture or a part of a picture. The content of a
redundant coded picture shall not be used by the decoding process for a bitstream conforming to this
Recommendation | International Standard. A redundant coded picture is not required to contain all
macroblocks in the primary coded picture. Redundant coded pictures have no normative effect on the decoding
process. See also primary coded picture.

3.122  reference field: A reference field may be used for inter prediction when P, SP, and B slices of a coded field or
field macroblocks of a coded frame are decoded. See also reference picture.

3.123  reference frame: A reference frame may be used for inter prediction when P, SP, and B slices of a coded
frame are decoded. See also reference picture.

3.124 reference index: An index into a reference picture list.

3.125 reference picture: A picture with nal_ref idc not equal to 0. A reference picture contains samples that may be
used for inter prediction in the decoding process of subsequent pictures in decoding order.

3.126  reference picture list: A list of reference pictures that is used for inter prediction of a P, B, or SP slice. For the
decoding process of a P or SP slice, there is one reference picture list. For the decoding process of a B slice,
there are two reference picture lists.

3.127  reference picture list 0: A reference picture list used for inter prediction of a P, B, or SP slice. All inter
prediction used for P and SP slices uses reference picture list 0. Reference picture list 0 is one of two reference
picture lists used for inter prediction for a B slice, with the other being reference picture list 1.

3.128 reference picture list 1: A reference picture list used for inter prediction of a B slice. Reference picture list 1
is one of two reference picture lists used for inter prediction for a B slice, with the other being reference
picture list 0.

3.129 reference picture marking: Specifies, in the bitstream, how the decoded pictures are marked for inter
prediction.

3.130 reserved: The term reserved, when used in the clauses specifying some values of a particular syntax element,
are for future use by ITU-T | ISO/IEC. These values shall not be used in bitstreams conforming to this
Recommendation | International Standard, but may be wused in future extensions of this
Recommendation | International Standard by ITU-T | ISO/IEC.

3.131 residual: The decoded difference between a prediction of a sample or data element and its decoded value.
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3.132 run: A number of consecutive data elements represented in the decoding process. In one context, the number of
zero-valued transform coefficient levels preceding a non-zero transform coefficient level in the list of transform
coefficient levels generated by a zig-zag scan or a field scan. In other contexts, run refers to a number of
macroblocks.

3.133  sample aspect ratio: Specifies, for assisting the display process, which is not specified in this
Recommendation | International Standard, the ratio between the intended horizontal distance between the
columns and the intended vertical distance between the rows of the /uma sample array in a frame. Sample
aspect ratio is expressed as 4:v, where 4 is horizontal width and v is vertical height (in arbitrary units of spatial
distance).

3.134  scaling: The process of multiplying transform coefficient levels by a factor, resulting in transform coefficients.

3.135  sequence parameter set: A syntax structure containing syntax elements that apply to zero or more entire coded
video sequences as determined by the content of a seq parameter set id syntax element found in the picture
parameter set referred to by the pic_parameter set id syntax element found in each slice header.

3.136  shall: A term used to express mandatory requirements for conformance to this Recommendation | International
Standard. When used to express a mandatory constraint on the values of syntax elements or on the results
obtained by operation of the specified decoding process, it is the responsibility of the encoder to ensure that the
constraint is fulfilled. When used in reference to operations performed by the decoding process, any decoding
process that produces identical results to the decoding process described herein conforms to the decoding
process requirements of this Recommendation | International Standard.

3.137  should: A term used to refer to behaviour of an implementation that is encouraged to be followed under
anticipated ordinary circumstances, but is not a mandatory requirement for conformance to this
Recommendation | International Standard.

3.138 SI slice: A slice that is coded using intra prediction only and using quantisation of the prediction samples. An
SI slice can be coded such that its decoded samples can be constructed identically to an SP slice.

3.139 skipped macroblock: A macroblock for which no data is coded other than an indication that the macroblock is
to be decoded as "skipped". This indication may be common to several macroblocks.

3.140  slice: An integer number of macroblocks or macroblock pairs ordered consecutively in the raster scan within a
particular slice group. For the primary coded picture, the division of each slice group into slices is a
partitioning. Although a slice contains macroblocks or macroblock pairs that are consecutive in the raster scan
within a slice group, these macroblocks or macroblock pairs are not necessarily consecutive in the raster scan
within the picture. The macroblock addresses are derived from the first macroblock address in a slice (as
represented in the slice header) and the macroblock to slice group map, and, when a picture is coded using
three separate colour planes, a colour plane identifier.

3.141 slice data partition: A non-empty subset of the syntax elements of the slice data syntax structure for a slice.
The syntax elements of a slice data partition are associated with the same category.

3.142 slice data partitioning: A method of partitioning selected syntax elements into syntax structures based on a
category associated with each syntax element.

3.143 slice group: A subset of the macroblocks or macroblock pairs of a picture. The division of the picture into
slice groups is a partitioning of the picture. The partitioning is specified by the macroblock to slice group map.

3.144 slice group map units: The units of the map unit to slice group map.

3.145  slice header: A part of a coded sl/ice containing the data elements pertaining to the first or all macroblocks
represented in the slice.

3.146  source: Term used to describe the video material or some of its attributes before encoding.

3.147  SPslice: A slice that may be coded using intra prediction or inter prediction with quantisation of the prediction
samples using at most one motion vector and reference index to predict the sample values of each block. An SP
slice can be coded such that its decoded samples can be constructed identically to another SP slice or an ST
slice.

3.148  start code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byte stream as a prefix
to each NAL unit. The location of a start code prefix can be used by a decoder to identify the beginning of a
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new NAL unit and the end of a previous NAL unit. Emulation of start code prefixes is prevented within NAL
units by the inclusion of emulation prevention bytes.

3.149 string of data bits (SODB): A sequence of some number of bits representing syntax elements present within a
raw byte sequence payload prior to the raw byte sequence payload stop bit. Within an SODB, the left-most bit
is considered to be the first and most significant bit, and the right-most bit is considered to be the last and least
significant bit.

3.150 sub-macroblock: One quarter of the samples of a macroblock, i.e., an 8x8 luma block and two corresponding
chroma blocks of which one corner is located at a corner of the macroblock for a picture that has three sample
arrays or an 8x8 /uma block of which one corner is located at a corner of the macroblock for a monochrome
picture or a picture that is coded using three separate colour planes.

3.151  sub-macroblock partition: A block of luma samples and two corresponding blocks of chroma samples
resulting from a partitioning of a sub-macroblock for inter prediction for a picture that has three sample arrays
or a block of luma samples resulting from a partitioning of a sub-macroblock for inter prediction for a
monochrome picture or a picture that is coded using three separate colour planes.

3.152  switching I slice: See S/ slice.

3.153 switching P slice: See SP slice.

3.154 syntax element: An element of data represented in the bitstream.

3.155 syntax structure: Zero or more syntax elements present together in the bitstream in a specified order.

3.156  top field: One of two fields that comprise a frame. Each row of a fop field is spatially located immediately
above the corresponding row of the bottom field.

3.157  top macroblock (of a macroblock pair): The macroblock within a macroblock pair that contains the samples
in the top row of samples for the macroblock pair. For a field macroblock pair, the top macroblock represents
the samples from the region of the top field of the frame that lie within the spatial region of the macroblock
pair. For a frame macroblock pair, the top macroblock represents the samples of the frame that lie within the
top half of the spatial region of the macroblock pair.

3.158 transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated with a
particular one-dimensional or two-dimensional frequency index in an inverse transform part of the decoding
process.

3.159  transform coefficient level: An integer quantity representing the value associated with a particular
two-dimensional frequency index in the decoding process prior to scaling for computation of a transform
coefficient value.

3.160 universal unique identifier (UUID): An identifier that is unique with respect to the space of all universal
unique identifiers.

3.161 unspecified: The term unspecified, when used in the clauses specifying some values of a particular syntax
element, indicates that the values have no specified meaning in this Recommendation | International Standard
and will not have a specified meaning in the future as an integral part of this Recommendation | International
Standard.

3.162  variable length coding (VLC): A reversible procedure for entropy coding that assigns shorter bit strings to
symbols expected to be more frequent and longer bit strings to symbols expected to be less frequent.

3.163  VCL NAL unit: A collective term for coded slice NAL units and coded slice data partition NAL units.

3.164  zig-zag scan: A specific sequential ordering of transform coefficient levels from (approximately) the lowest
spatial frequency to the highest. Zig-zag scan is used for transform coefficient levels in frame macroblocks.

4 Abbreviations

For the purposes of this International Standard, the following abbreviations apply:
CABAC  Context-based Adaptive Binary Arithmetic Coding

CAVLC  Context-based Adaptive Variable Length Coding
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CBR Constant Bit Rate

CPB Coded Picture Buffer

DPB Decoded Picture Buffer

DUT Decoder under test

FIFO First-In, First-Out

HRD Hypothetical Reference Decoder
HSS Hypothetical Stream Scheduler
IDR Instantaneous Decoding Refresh
LSB Least Significant Bit

MB Macroblock

MBAFF  Macroblock-Adaptive Frame-Field Coding
MSB Most Significant Bit

MVC Multiview Video Coding

NAL Network Abstraction Layer

RBSP Raw Byte Sequence Payload

SEI Supplemental Enhancement Information
SODB String Of Data Bits

SvC Scalable Video Coding

UUID Universal Unique Identifier

VBR Variable Bit Rate

VCL Video Coding Layer

VLC Variable Length Coding

VUI Video Usability Information

5 Conventions

NOTE - The mathematical operators used in this Specification are similar to those used in the C programming language. However,
integer division and arithmetic shift operations are specifically defined. Numbering and counting conventions generally begin
from 0.

5.1 Arithmetic operators

The following arithmetic operators are defined as follows:
+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)
* Multiplication, including matrix multiplication

Exponentiation. Specifies x to the power of y. In other contexts, such notation is used for superscripting
not intended for interpretation as exponentiation.

/ Integer division with truncation of the result toward zero. For example, 7/4 and —7/—4 are truncated to 1
and —7/4 and 7/—4 are truncated to —1.

+ Used to denote division in mathematical equations where no truncation or rounding is intended.

Used to denote division in mathematical equations where no truncation or rounding is intended.

< | =
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y
z /(i) The summation of f( i ) with i taking all integer values from x up to and including y.

i=x

x%y Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and y > 0.

5.2 Logical operators

The following logical operators are defined as follows:
x && y Boolean logical "and" of x and y.
X || y Boolean logical "or" of x and y.
! Boolean logical "not".

x ?y:z Ifxis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z.

5.3 Relational operators

The following relational operators are defined as follows:

> Greater than.

>= Greater than or equal to.
< Less than.

<= Less than or equal to.
== Equal to.

1= Not equal to.

When a relational operator is applied to a syntax element or variable that has been assigned the value "na" (not
applicable), the value "na" is treated as a distinct value for the syntax element or variable. The value "na" is considered
not to be equal to any other value.

54 Bit-wise operators

The following bit-wise operators are defined as follows:

& Bit-wise "and". When operating on integer arguments, operates on a two's complement representation
of the integer value. When operating on a binary argument that contains fewer bits than another
argument, the shorter argument is extended by adding more significant bits equal to O.

Bit-wise "or". When operating on integer arguments, operates on a two's complement representation of
the integer value. When operating on a binary argument that contains fewer bits than another argument,
the shorter argument is extended by adding more significant bits equal to 0.

A Bit-wise "exclusive or". When operating on integer arguments, operates on a two's complement
representation of the integer value. When operating on a binary argument that contains fewer bits than
another argument, the shorter argument is extended by adding more significant bits equal to 0.

x>>y  Arithmetic right shift of a two's complement integer representation of x by y binary digits. This
function is defined only for positive integer values of y. Bits shifted into the MSBs as a result of the
right shift have a value equal to the MSB of x prior to the shift operation.

x <<y  Arithmetic left shift of a two's complement integer representation of x by y binary digits. This function
is defined only for positive integer values of y. Bits shifted into the LSBs as a result of the left shift
have a value equal to 0.

5.5 Assignment operators
The following arithmetic operators are defined as follows:
= Assignment operator.

++ Increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to the value of the
variable prior to the increment operation.
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—— Decrement, i.e., x—— is equivalent to x = x — 1; when used in an array index, evaluates to the value of
the variable prior to the decrement operation.

+= Increment by amount specified, i.e., x += 3 is equivalent to x = x + 3, and x += (—3) is equivalent
tox =x+(-3).
—= Decrement by amount specified, i.e., x —= 3 is equivalent to x = x — 3, and x —= (—3) is equivalent
tox =x—(-3).
5.6 Range notation

The following notation is used to specify a range of values:

x=y..z X takes on integer values starting from y to z, inclusive, with x, y, and z being integer numbers.

5.7 Mathematical functions

The following mathematical functions are defined as follows:

Abs(x)= | X 5 x>=0 (5-1)
-x ; x<0
Ceil(x ) the smallest integer greater than or equal to x. (5-2)
Cliply(x)=Clip3(0, ( 1 <<BitDepthy ) — 1, x) (5-3)
Cliplc(x ) =Clip3( 0, ( 1 << BitDepthc ) — 1, x) (5-4)
x 5 z<x
Clipd(x,y.2)=Jy ; z>y (5-5)

z ; otherwise

Floor( x ) the greatest integer less than or equal to x. (5-6)

Y * N ==
InverseRasterScan( a, b, ¢, d, e ) = (@%(d/b))*b ; e (5-7)
(a/(d/b))*c ; e==
Log2( x ) returns the base-2 logarithm of x. (5-8)
Logl0( x ) returns the base-10 logarithm of x. (5-9)
Median( X, y,z)=x+y+z—Min( x, Min(y,z) ) — Max( x, Max(y,z)) (5-10)
. <
Min(x,y)=4° > XY (5-11)
y 5 X>y
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Max(w)—{x :
y

X>=y
X<y

Round( x ) = Sign( x ) * Floor( Abs(x)+0.5)

Sign(x)= L5 x>=0
-1 ; x<0
Sqrt(x ) = Vx
5.8 Order of operation precedence

ISO/IEC 14496-10:2012(E)

(5-12)

(5-13)

(5-14)

(5-15)

When order of precedence in an expression is not indicated explicitly by use of parentheses, the following rules apply:

—  operations of a higher precedence are evaluated before any operation of a lower precedence,

—  operations of the same precedence are evaluated sequentially from left to right.

Table 5-1 specifies the precedence of operations from highest to lowest; a higher position in the table indicates a higher

precedence.

NOTE - For those operators that are also used in the C programming language, the order of precedence used in this Specification
is the same as used in the C programming language.

Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, y, and z)

"X++", ny— —"

"Ix", "—x" (as a unary prefix operator)

x7

X
HX 3 yll’ HX / yll’ HX - yll, "n___ H’ "X % yll
Y

y
"x +y","x —y" (as a two-argument operator), " Z JAOR

i=x

HX << yll HX >> yll

)

"5 < yu’ "y <= y", "x > yn’ "y >= yu

"n n

"X::y , X!:yu

"X & y"

"X | yll

"X && y"

"X | | yll

"x?y:z"

"y = yu’ "y 4= y","x —= yu

© ISO/IEC 2012 — All rights reserved

Full document details: ISO_IEC 14496-10_2012

Documents
Document Sharinpj-mb


http://avadocuments2026.com/doc/iso-iec-14496-10-2012
http://avadocuments2026.com/doc/iso-iec-14496-10-2012

ISO/IEC 14496-10:2012(E)

5.9 Variables, syntax elements, and tables

Syntax elements in the bitstream are represented in bold type. Each syntax element is described by its name (all lower
case letters with underscore characters), its one or two syntax categories, and one or two descriptors for its method of
coded representation. The decoding process behaves according to the value of the syntax element and to the values of
previously decoded syntax elements. When a value of a syntax element is used in the syntax tables or the text, it appears
in regular (i.e., not bold) type.

In some cases the syntax tables may use the values of other variables derived from syntax elements values. Such
variables appear in the syntax tables, or text, named by a mixture of lower case and upper case letter and without any
underscore characters. Variables starting with an upper case letter are derived for the decoding of the current syntax
structure and all depending syntax structures. Variables starting with an upper case letter may be used in the decoding
process for later syntax structures without mentioning the originating syntax structure of the variable. Variables starting
with a lower case letter are only used within the subclause in which they are derived.

In some cases, "mnemonic" names for syntax element values or variable values are used interchangeably with their
numerical values. Sometimes "mnemonic" names are used without any associated numerical values. The association of
values and names is specified in the text. The names are constructed from one or more groups of letters separated by an
underscore character. Each group starts with an upper case letter and may contain more upper case letters.

NOTE - The syntax is described in a manner that closely follows the C-language syntactic constructs.

Functions that specify properties of the current position in the bitstream are referred to as syntax functions. These
functions are specified in subclause 7.2 and assume the existence of a bitstream pointer with an indication of the position
of the next bit to be read by the decoding process from the bitstream. Syntax functions are described by their names,
which are constructed as syntax element names and end with left and right round parentheses including zero or more
variable names (for definition) or values (for usage), separated by commas (if more than one variable).

Functions that are not syntax functions (including mathematical functions specified in subclause 5.7) are described by
their names, which start with an upper case letter, contain a mixture of lower and upper case letters without any
underscore character, and end with left and right parentheses including zero or more variable names (for definition) or
values (for usage) separated by commas (if more than one variable).

Subscripts or square parentheses are used for the indexing of arrays. In reference to a visual depiction of a matrix, the
first subscript is used as a row (vertical) index and the second subscript is used as a column (horizontal) index. The
indexing order is reversed when using square parentheses rather than subscripts for indexing. Thus, an element of a
matrix s at horizontal position x and vertical position y may be denoted either as s[ X, y ] or as sy,.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example, '01000001'
represents an eight-bit string having only its second and its last bits (counted from the most to the least significant bit)
equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary notation
when the number of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string having only its
second and its last bits (counted from the most to the least significant bit) equal to 1.

Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.

A value equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented by any value
different from zero.

5.10 Text description of logical operations

In the text, a statement of logical operations as would be described in pseudo-code as
if( condition 0 )
statement 0

else if ( condition 1)
statement 1

else /* informative remark on remaining condition */
statement n
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may be described in the following manner:
... as follows / ... the following applies:

—  If condition 0, statement 0

Otherwise, if condition 1, statement 1

Otherwise (informative remark on remaining condition), statement n

Each "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "... the following
applies" immediately followed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise, ..." is always an
"Otherwise, ...". Interleaved "If ... Otherwise, if ... Otherwise, ..." statements can be identified by matching "... as follows"

or "... the following applies" with the ending "Otherwise, ...".

In the text, a statement of logical operations as would be described in pseudo-code as

if( condition 0a && condition Ob )
statement 0

else if ( condition la || condition 1b)
statement 1

else
statement n

may be described in the following manner:

... as follows / ... the following applies:
—  Ifall of the following conditions are true, statement 0
—  condition Oa
—  condition 0b
—  Otherwise, if any of the following conditions are true, statement 1
—  condition la
—  condition 1b

—  Otherwise, statement n

In the text, a statement of logical operations as would be described in pseudo-code as:

if( condition 0 )
statement 0

if ( condition 1)
statement 1

may be described in the following manner:
When condition 0, statement 0

When condition 1, statement 1

5.11 Processes

Processes are used to describe the decoding of syntax elements. A process has a separate specification and invoking. All
syntax elements and upper case variables that pertain to the current syntax structure and depending syntax structures are
available in the process specification and invoking. A process specification may also have a lower case variable explicitly
specified as the input. Each process specification has explicitly specified an output. The output is a variable that can
either be an upper case variable or a lower case variable.

When invoking a process, the assignment of variables is specified as follows:

—  If the variables at the invoking and the process specification do not have the same name, the variables are
explicitly assigned to lower case input or output variables of the process specification.
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—  Otherwise (the variables at the invoking and the process specification have the same name), assignment is
implied.

In the specification of a process, a specific macroblock may be referred to by the variable name having a value equal to
the address of the specific macroblock.

6 Source, coded, decoded and output data formats, scanning processes, and neighbouring
relationships
6.1 Bitstream formats

This subclause specifies the relationship between the NAL unit stream and byte stream, either of which are referred to as
the bitstream.

The bitstream can be in one of two formats: the NAL unit stream format or the byte stream format. The NAL unit stream
format is conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL units. This
sequence is ordered in decoding order. There are constraints imposed on the decoding order (and contents) of the NAL
units in the NAL unit stream.

The byte stream format can be constructed from the NAL unit stream format by ordering the NAL units in decoding
order and prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream of bytes.
The NAL unit stream format can be extracted from the byte stream format by searching for the location of the unique
start code prefix pattern within this stream of bytes. Methods of framing the NAL units in a manner other than use of the
byte stream format are outside the scope of this Recommendation | International Standard. The byte stream format is
specified in Annex B.

6.2 Source, decoded, and output picture formats
This subclause specifies the relationship between source and decoded frames and fields that is given via the bitstream.

The video source that is represented by the bitstream is a sequence of either or both frames or fields (called collectively
pictures) in decoding order.

The source and decoded pictures (frames or fields) are each comprised of one or more sample arrays:
—  Luma (Y) only (monochrome), with or without an auxiliary array.
—  Luma and two Chroma (YCbCr or YCgCo), with or without an auxiliary array.
—  Green, Blue and Red (GBR, also known as RGB), with or without an auxiliary array.

— Arrays representing other unspecified monochrome or tri-stimulus colour samplings (for example, YZX,
also known as XYZ), with or without an auxiliary array.

For convenience of notation and terminology in this Specification, the variables and terms associated with these arrays
are referred to as luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of
the actual colour representation method in use. The actual colour representation method in use can be indicated in syntax
that is specified in Annex E. The (monochrome) auxiliary arrays, which may or may not be present as auxiliary pictures
in a coded video sequence, are optional for decoding and can be used for such purposes as alpha blending.

The variables SubWidthC, and SubHeightC are specified in Table 6-1, depending on the chroma format sampling
structure, which is specified through chroma format idc and separate colour plane flag. An entry marked as "-" in
Table 6-1 denotes an undefined value for SubWidthC or SubHeightC. Other values of chroma format idc, SubWidthC,
and SubHeightC may be specified in the future by ITU-T | ISO/IEC.
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Table 6-1 — SubWidthC, and SubHeightC values derived from
chroma_format_idc and separate_colour_plane_flag

chroma_format_idc |separate_colour_plane_flag Chroma Format |SubWidthC |[SubHeightC
0 0 monochrome - -
1 0 4:2:0 2 2
2 0 4:2:2 2 1
3 0 4:4:4 1 1
3 1 4:4:4 - -

In monochrome sampling there is only one sample array, which is nominally considered the luma array.
In 4:2:0 sampling, each of the two chroma arrays has half the height and half the width of the luma array.
In 4:2:2 sampling, each of the two chroma arrays has the same height and half the width of the luma array.

In 4:4:4 sampling, depending on the value of separate colour plane flag, the following applies:

—  If separate_colour plane flag is equal to 0, each of the two chroma arrays has the same height and width as the
luma array.

—  Otherwise (separate colour plane flag is equal to 1), the three colour planes are separately processed as
monochrome sampled pictures.

The width and height of the luma sample arrays are each an integer multiple of 16. In coded video sequences using 4:2:0
chroma sampling, the width and height of chroma sample arrays are each an integer multiple of 8. In coded video
sequences using 4:2:2 sampling, the width of the chroma sample arrays is an integer multiple of 8 and the height is an
integer multiple of 16. The height of a luma array that is coded as two separate fields or in macroblock-adaptive
frame-field coding (see below) is an integer multiple of 32. In coded video sequences using 4:2:0 chroma sampling, the
height of each chroma array that is coded as two separate fields or in macroblock-adaptive frame-field coding (see
below) is an integer multiple of 16. The width or height of pictures output from the decoding process need not be an
integer multiple of 16 and can be specified using a cropping rectangle.

The syntax for the luma and (when present) chroma arrays are ordered such when data for all three colour components is
present, the data for the luma array is first, followed by any data for the Cb array, followed by any data for the Cr array,
unless otherwise specified.

The width of fields coded referring to a specific sequence parameter set is the same as that of frames coded referring to
the same sequence parameter set (see below). The height of fields coded referring to a specific sequence parameter set is
half that of frames coded referring to the same sequence parameter set (see below).

The number of bits necessary for the representation of each of the samples in the luma and chroma arrays in a video
sequence is in the range of 8 to 14, and the number of bits used in the luma array may differ from the number of bits used
in the chroma arrays.

When the value of chroma_format idc is equal to 1, the nominal vertical and horizontal relative locations of luma and
chroma samples in frames are shown in Figure 6-1. Alternative chroma sample relative locations may be indicated in
video usability information (see Annex E).
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Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a frame

A frame consists of two fields as described below. A coded picture may represent a coded frame or an individual coded
field. A coded video sequence conforming to this Recommendation | International Standard may contain arbitrary
combinations of coded frames and coded fields. The decoding process is also specified in a manner that allows smaller
regions of a coded frame to be coded either as a frame or field region, by use of macroblock-adaptive frame-field coding.

Source and decoded fields are one of two types: top field or bottom field. When two fields are output at the same time, or
are combined to be used as a reference frame (see below), the two fields (which shall be of opposite parity) are
interleaved. The first (i.e., top), third, fifth, etc., rows of a decoded frame are the top field rows. The second, fourth, sixth,
etc., rows of a decoded frame are the bottom field rows. A top field consists of only the top field rows of a decoded
frame. When the top field or bottom field of a decoded frame is used as a reference field (see below) only the even rows
(for a top field) or the odd rows (for a bottom field) of the decoded frame are used.

When the value of chroma format idc is equal to 1, the nominal vertical and horizontal relative locations of luma and
chroma samples in top and bottom fields are shown in Figure 6-2. The nominal vertical sampling relative locations of the
chroma samples in a top field are specified as shifted up by one-quarter luma sample height relative to the field-sampling
grid. The vertical sampling locations of the chroma samples in a bottom field are specified as shifted down by
one-quarter luma sample height relative to the field-sampling grid. Alternative chroma sample relative locations may be
indicated in the video usability information (see Annex E).

NOTE — The shifting of the chroma samples is in order for these samples to align vertically to the usual location relative to the
full-frame sampling grid as shown in Figure 6-1.
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Figure 6-2 — Nominal vertical and horizontal sampling locations of 4:2:0 samples in top and bottom fields

When the value of chroma format idc is equal to 2, the chroma samples are co-sited with the corresponding luma
samples and the nominal locations in a frame and in fields are as shown in Figures 6-3 and 6-4, respectively.

B X & X & X o
B X ® X & X
B X ® X & X
B X B X B X
® X & X & X
B X & X & X

Guide:
X SLocation of luma sample
O S Location of chroma sample

Figure 6-3 — Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a frame
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Figure 6-4 — Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom fields

When the value of chroma format_idc is equal to 3, all array samples are co-sited for all cases of frames and fields and
the nominal locations in a frame and in fields are as shown in Figures 6-5 and 6-6, respectively.

B R R R R E e
B R R R’ D
B R R R’ D
R
B R R R’ ®
B R R R R’ ®

Guide:
X — Location of luma sample
O — Location of chroma sample

Figure 6-5 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a frame
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Figure 6-6 — Nominal vertical and horizontal sampling locations of 4:4:4 samples top and bottom fields

The samples are processed in units of macroblocks. The luma array for each macroblock is 16 samples in both width and
height. The variables MbWidthC and MbHeightC, which specify the width and height, respectively, of the chroma arrays
for each macroblock, are derived as follows:

— If chroma format idc is equal to 0 (monochrome) or separate colour plane flag is equal to 1, MbWidthC and
MbHeightC are both equal to 0.

—  Otherwise, MbWidthC and MbHeightC are derived as

MbWidthC = 16 / SubWidthC (6-1)
MbHeightC = 16 / SubHeightC (6-2)
6.3 Spatial subdivision of pictures and slices

This subclause specifies how a picture is partitioned into slices and macroblocks. Pictures are divided into slices. A slice
is a sequence of macroblocks, or, when macroblock-adaptive frame/field decoding is in use, a sequence of macroblock
pairs.

Each macroblock is comprised of one 16x16 luma array and, when the chroma sampling format is not equal to 4:0:0 and
separate_colour plane flag is equal to 0, two corresponding chroma sample arrays. When separate colour plane flag is
equal to 1, each macroblock is comprised of one 16x16 luma or chroma sample array. When macroblock-adaptive
frame/field decoding is not in use, each macroblock represents a spatial rectangular region of the picture. For example, a
picture may be divided into two slices as shown in Figure 6-7.

When a picture is coded using three separate colour planes (separate colour plane flag is equal to 1), a slice contains
only macroblocks of one colour component being identified by the corresponding value of colour plane id, and each
colour component array of a picture consists of slices having the same colour _plane_id value. Coded slices with different
values of colour plane id within an access unit can be interleaved with each other under the constraint that for each
value of colour plane id, the coded slice NAL units with that value colour plane id shall be in the order of increasing
macroblock address for the first macroblock of each coded slice NAL unit.
NOTE — When separate_colour_plane_flag is equal to 0, each macroblock of a picture is contained in exactly one slice. When
separate_colour plane flag is equal to 1, each macroblock of a colour component is contained in exactly one slice
(i.e., information for each macroblock of a picture is present in exactly three slices and these three slices have different values of
colour plane id).
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Figure 6-7 — A picture with 11 by 9 macroblocks that is partitioned into two slices

When macroblock-adaptive frame/field decoding is in use, the picture is partitioned into slices containing an integer
number of macroblock pairs as shown in Figure 6-8. Each macroblock pair consists of two macroblocks.

~

A macroblock pair

Figure 6-8 — Partitioning of the decoded frame into macroblock pairs

6.4 Inverse scanning processes and derivation processes for neighbours

This subclause specifies inverse scanning processes; i.c., the mapping of indices to locations, and derivation processes for
neighbours.

6.4.1 Inverse macroblock scanning process
Input to this process is a macroblock address mbAddr.

Output of this process is the location ( X,y ) of the upper-left luma sample for the macroblock with address mbAddr
relative to the upper-left sample of the picture.

The inverse macroblock scanning process is specified as follows:
—  If MbaffFrameFlag is equal to 0,

x = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 0 ) (6-3)
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y = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 1) (6-4)

—  Otherwise (MbaffFrameFlag is equal to 1), the following ordered steps are specified:

1. The luma location ( xO, yO ) is derived by

xO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 0 ) (6-5)

yO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 1 ) (6-6)

2. Depending on the current macroblock the following applies:

- If the current macroblock is a frame macroblock
x=x0 (6-7)
y=yO + (mbAddr%2)* 16 (6-8)
- Otherwise (the current macroblock is a field macroblock),
x=x0 (6-9)
y=yO + ( mbAddr % 2) (6-10)

6.4.2 Inverse macroblock partition and sub-macroblock partition scanning process

Macroblocks or sub-macroblocks may be partitioned, and the partitions are scanned for inter prediction as shown in
Figure 6-9. The outer rectangles refer to the samples in a macroblock or sub-macroblock, respectively. The rectangles
refer to the partitions. The number in each rectangle specifies the index of the inverse macroblock partition scan or
inverse sub-macroblock partition scan.

The functions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the width and
height of macroblock partitions and sub-macroblock partitions are specified in Tables 7-13, 7-14, 7-17, and 7-18.
MbPartWidth( ) and MbPartHeight( ) are set to appropriate values for each macroblock, depending on the macroblock
type. SubMbPartWidth( ) and SubMbPartHeight( ) are set to appropriate values for each sub-macroblock of a macroblock
with mb_type equal to P_8x8, P_8x8ref0, or B 8x8, depending on the sub-macroblock type.
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1 macroblock partition of
16*16 luma samples and
associated chroma samples

2 macroblock partitions of
16*8 luma samples and
associated chroma samples

2 macroblock partitions of
8*16 luma samples and
associated chroma samples

4 sub-macroblocks of
8*8 luma samples and
associated chroma samples

0 0 1
Macroblock 0 0 1
partitions
1 2 3
1 sub-macroblock partition 2 sub-macroblock partitions 2 sub-macroblock partitions | 4 sub-macroblock partitions
of 8*8 luma samples and of 8*4 luma samples and of 4*8 luma samples and of 4*4 luma samples and
associated chroma samples associated chroma samples |associated chroma samples |associated chroma samples
Sub-macroblock 0 0 1
partitions 0 0 1

Figure 6-9 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans,
and sub-macroblock partition scans

6.4.2.1 Inverse macroblock partition scanning process
Input to this process is the index of a macroblock partition mbPartldx.

Output of this process is the location (X, y) of the upper-left luma sample for the macroblock partition mbPartldx
relative to the upper-left sample of the macroblock.

The inverse macroblock partition scanning process is specified by

x = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 0) (6-11)

y = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 1) (6-12)

6.4.2.2 Inverse sub-macroblock partition scanning process

Inputs to this process are the index of a macroblock partition mbPartldx and the index of a sub-macroblock partition
subMbPartldx.

Output of this process is the location (x,y) of the upper-left luma sample for the sub-macroblock partition
subMbPartldx relative to the upper-left sample of the sub-macroblock.

The inverse sub-macroblock partition scanning process is specified as follows:
— Ifmb typeisequal to P_8x8, P_8x8refl, or B 8x8,

x = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),

SubMbPartHeight( sub_mb_type[ mbPartldx ] ), 8, 0) (6-13)
y = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),
SubMbPartHeight( sub_mb_type[ mbPartldx ]), 8, 1) (6-14)
—  Otherwise (mb_type is not equal to P_8x8, P_8x8ref0, or B_8x8),
x = InverseRasterScan( subMbPartldx, 4, 4, 8, 0) (6-15)
y = InverseRasterScan( subMbPartldx, 4, 4, 8, 1) (6-16)
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6.4.3 Inverse 4x4 luma block scanning process
Input to this process is the index of a 4x4 luma block luma4x4BIkIdx.

Output of this process is the location (X,y) of the upper-left luma sample for the 4x4 luma block with index
luma4x4BIklIdx relative to the upper-left luma sample of the macroblock.

Figure 6-10 shows the scan for the 4x4 luma blocks.

0|1 415

213|167

8119|1213

1011 )14 |15

Figure 6-10 — Scan for 4x4 luma blocks

The inverse 4x4 luma block scanning process is specified by

x = InverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16,0 ) +
InverseRasterScan( luma4x4BlkIdx % 4, 4, 4, 8,0 ) (6-17)

y = InverseRasterScan( luma4x4BlkIdx / 4, 8, 8, 16,1 ) +
InverseRasterScan( luma4x4BlkIdx % 4, 4, 4,8, 1) (6-18)

6.4.4 Inverse 4x4 Cb or Cr block scanning process for ChromaArrayType equal to 3
This process is only invoked when ChromaArrayType is equal to 3.

The inverse 4x4 chroma block scanning process is identical to inverse 4x4 luma block scanning process as specified in
subclause 6.4.3 when substituting the term "luma" with the term "Cb" or the term "Cr", and substituting the term
"lumad4x4BlkIdx" with the term "cb4x4BlkIdx" or the term "cr4x4BlkIdx" in all places in subclause 6.4.3.

6.4.5 Inverse 8x8 luma block scanning process
Input to this process is the index of an 8x8 luma block luma8x8BlkIdx.

Output of this process is the location (X,y) of the upper-left luma sample for the 8x8 luma block with index
luma8x8BIlkldx relative to the upper-left luma sample of the macroblock.

Figure 6-11 shows the scan for the 8x8 luma blocks.

Figure 6-11 — Scan for 8x8 luma blocks

The inverse 8x8 luma block scanning process is specified by:

x = InverseRasterScan( luma8x8Blkldx, 8, 8, 16, 0) (6-19)
y = InverseRasterScan( luma8x8BIlkldx, 8, 8, 16, 1) (6-20)
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6.4.6 Inverse 8x8 Cb or Cr block scanning process for ChromaArrayType equal to 3
This process is only invoked when ChromaArrayType is equal to 3.

The inverse 8x8 chroma block scanning process is identical to inverse 8x8 luma block scanning process as specified in
subclause 6.4.5 when substituting the term "luma" with the term "Cb" or the term "Cr", and substituting the term
"luma8x8BIkIdx" with the term "cb8x8BIlkIdx" or the term "cr8x8BIkIdx" in all places in subclause 6.4.5.

6.4.7 Inverse 4x4 chroma block scanning process
Input to this process is the index of a 4x4 chroma block chroma4x4BlkIdx.

Output of this process is the location (x,y) of the upper-left chroma sample for a 4x4 chroma block with index
chroma4x4BIkIdx relative to the upper-left chroma sample of the macroblock.

The inverse 4x4 chroma block scanning process is specified by

x = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 0) (6-21)

y = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 1) (6-22)

6.4.8 Derivation process of the availability for macroblock addresses
Input to this process is a macroblock address mbAddr.

Output of this process is the availability of the macroblock mbAddr.
NOTE - The meaning of availability is determined when this process is invoked.

The macroblock is marked as available, unless any of the following conditions are true, in which case the macroblock is
marked as not available:

—  mbAddr<0,
—  mbAddr > CurrMbAddr,
—  the macroblock with address mbAddr belongs to a different slice than the macroblock with address CurrMbAddr.

6.4.9  Derivation process for neighbouring macroblock addresses and their availability
This process can only be invoked when MbaffFrameFlag is equal to O.

The outputs of this process are:

— mbAddrA: the address and availability status of the macroblock to the left of the current macroblock,
—  mbAddrB: the address and availability status of the macroblock above the current macroblock,

—  mbAddrC: the address and availability status of the macroblock above-right of the current macroblock,

—  mbAddrD: the address and availability status of the macroblock above-left of the current macroblock.

Figure 6-12 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and mbAddrD
relative to the current macroblock with CurrMbAddr.
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mbAddrD | mbAddrB mbAddrC

mbAddrA | CurrMbAddr

Figure 6-12 — Neighbouring macroblocks for a given macroblock

Input to the process in subclause 6.4.8 is mbAddrA = CurrMbAddr — 1 and the output is whether the macroblock
mbAddrA is available. In addition, mbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs is equal
to 0.

Input to the process in subclause 6.4.8 is mbAddrB = CurrMbAddr — PicWidthInMbs and the output is whether the
macroblock mbAddrB is available.

Input to the process in subclause 6.4.8 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether the
macroblock mbAddrC is available. In addition, mbAddrC is marked as not available when
( CurrMbAddr + 1) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.8 is mbAddrD = CurrMbAddr — PicWidthInMbs — 1 and the output is whether the
macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
CurrMbAddr % PicWidthInMbs is equal to 0.

6.4.10 Derivation process for neighbouring macroblock addresses and their availability in MBAFF frames
This process can only be invoked when MbaffFrameFlag is equal to 1.

The outputs of this process are:

— mbAddrA: the address and availability status of the top macroblock of the macroblock pair to the left of the current
macroblock pair,

— mbAddrB: the address and availability status of the top macroblock of the macroblock pair above the current
macroblock pair,

— mbAddrC: the address and availability status of the top macroblock of the macroblock pair above-right of the
current macroblock pair,

— mbAddrD: the address and availability status of the top macroblock of the macroblock pair above-left of the current
macroblock pair.

Figure 6-13 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and mbAddrD
relative to the current macroblock with CurrMbAddr.

mbAddrA, mbAddrB, mbAddrC, and mbAddrD have identical values regardless whether the current macroblock is the
top or the bottom macroblock of a macroblock pair.
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mbAddrD mbAddrB mbAddrC

CurrMbAddr

Figure 6-13 — Neighbouring macroblocks for a given macroblock in MBAFF frames

Input to the process in subclause 6.4.8 is mbAddrA =2 * ( CurrMbAddr/2 — 1) and the output is whether the
macroblock mbAddrA is available. In addition, mbAddrA is marked as not available when
( CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.8 is mbAddrB =2 * ( CurrMbAddr / 2 — PicWidthInMbs ) and the output is whether
the macroblock mbAddrB is available.

Input to the process in subclause 6.4.8 is mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1 ) and the output is
whether the macroblock mbAddrC is available. In addition, mbAddrC is marked as not available when
( CurrMbAddr / 2 + 1) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.8 is mbAddrD =2 * ( CurrMbAddr / 2 — PicWidthinMbs — 1 ) and the output is
whether the macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
( CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

6.4.11 Derivation processes for neighbouring macroblocks, blocks, and partitions
Subclause 6.4.11.1 specifies the derivation process for neighbouring macroblocks.
Subclause 6.4.11.2 specifies the derivation process for neighbouring 8x8 luma blocks.

Subclause 6.4.11.3 specifies the derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal
to 3.

Subclause 6.4.11.4 specifies the derivation process for neighbouring 4x4 luma blocks.
Subclause 6.4.11.5 specifies the derivation process for neighbouring 4x4 chroma blocks.

Subclause 6.4.11.6 specifies the derivation process for neighbouring 4x4 chroma blocks for ChromaArrayType equal
to 3.

Subclause 6.4.11.7 specifies the derivation process for neighbouring partitions.

Table 6-2 specifies the values for the difference of luma location ( xD, yD ) for the input and the replacement for N in
mbAddrN, mbPartldxN, subMbPartldxN, luma8x8BIkIdxN, cb8x8BIkIdxN, cr8x8BIkIdxN, luma4x4BIkIdxN,
cb4x4BIlkIdxN, cr4x4BlkIdxN, and chroma4x4BIlkIdxN for the output. These input and output assignments are used in
subclauses 6.4.11.1 to 6.4.11.7. The variable predPartWidth is specified when Table 6-2 is referred to.
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Table 6-2 — Specification of input and output assignments for subclauses 6.4.11.1 to 6.4.11.7

N xD yD
A -1 0

B 0 -1
C | predPartWidth -1
D -1 -1

Figure 6-14 illustrates the relative location of the neighbouring macroblocks, blocks, or partitions A, B, C, and D to the
current macroblock, partition, or block, when the current macroblock, partition, or block is in frame coding mode.

D B C
A Current
Macroblock
or Partition
or Block

Figure 6-14 — Determination of the neighbouring macroblock, blocks, and partitions (informative)

6.4.11.1 Derivation process for neighbouring macroblocks
Outputs of this process are:
— mbAddrA: the address of the macroblock to the left of the current macroblock and its availability status,
—  mbAddrB: the address of the macroblock above the current macroblock and its availability status.
mbAddrN (with N being A or B) is derived as specified by the following ordered steps:

1. The difference of luma location ( xD, yD ) is set according to Table 6-2.

2. The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for luma locations
with (XN, yN ) equal to ( xD, yD ), and the output is assigned to mbAddrN.

6.4.11.2 Derivation process for neighbouring 8x8 luma block
Input to this process is an 8x8 luma block index luma8x8BlkIdx.
The luma8x8BIklIdx specifies the 8x8 luma blocks of a macroblock in a raster scan.

Outputs of this process are:

— mbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and its
availability status,

—  luma8x8BIkIdxA: the index of the 8x8 luma block to the left of the 8x8 block with index luma8x8Blkldx and its
availability status,

— mbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macroblock and its
availability status,
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— luma8x8BIkldxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8Blkldx and its
availability status.

mbAddrN and luma8x8BIlkIdxN (with N being A or B) are derived as specified by the following ordered steps:
1. The difference of luma location ( xD, yD ) is set according to Table 6-2.

2. The luma location ( XN, yN ) is specified by

xN = ( luma8x8Blkldx % 2 ) * 8 + xD (6-23)

yN = (luma8x8Blkldx /2 ) * 8 + yD (6-24)

3. The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for luma locations
with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

4. The variable luma8x8BIkIdxN is derived as follows:
— If mbAddrN is not available, luma8x8BIlkIdxN is marked as not available.

—  Otherwise (mbAddrN is available), the derivation process for 8x8 luma block indices as specified in
subclause 6.4.13.3 is invoked with the luma location ( xXW, yW ) as the input and the output is assigned
to luma8x8BIkIdxN.

6.4.11.3 Derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal to 3
This process is only invoked when ChromaArrayType is equal to 3.

The derivation process for neighbouring 8x8 chroma block is identical to the derivation process for neighbouring 8x8
luma block as specified in subclause 6.4.11.2 when substituting the term "luma" with the term "Cb" or the term "Cr", and
substituting the term "luma8x8BIlkIdx" with the term "cb8x8BIlkIdx" or the term "cr8x8BlkIdx" in all places in
subclause 6.4.11.2.

6.4.11.4 Derivation process for neighbouring 4x4 luma blocks
Input to this process is a 4x4 luma block index luma4x4BlkIdx.

Outputs of this process are:

—  mbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and its
availability status,

—  luma4x4BIkldxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4Blkldx and its
availability status,

— mbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macroblock and its
availability status,

—  luma4x4BIlkIdxB: the index of the 4x4 luma block above the 4x4 block with index luma4x4Blkldx and its
availability status.

mbAddrN and luma4x4BIlkIdxN (with N being A or B) are derived as specified by the following ordered steps:
1. The difference of luma location ( XD, yD ) is set according to Table 6-2.

2. The inverse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with luma4x4BlkIdx as
the input and ( x, y ) as the output.

3. The luma location ( xN, yN ) is specified by

xN =x+ xD (6-25)

yN=y+yD (6-26)

4. The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for luma locations
with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
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