INTERNATIONAL ISO/IEC
STANDARD 14496-10

Eighth edition
2014-09-01

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 14496-10:2014(E)

iz o © ISO/IEC 2014




ISO/IEC 14496-10:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2014

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form or by any
means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior written permission.
Permission can be requested 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 +4122 74909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO/IEC 2014 — All rights reserved



ISO/IEC 14496-10:2014(E)

Contents Page
(O o1 T [0 Tod o] o OO OSSO PR PR Xvii
L0250 o o] [T 11 PSR Xvii
(O U 1 o - SRS Xvii
(O T Y o] o [T T3P Xvii
0.4  Publication and versions of this SPECITICAtION..........cceriiriiie i Xvii
0.5 0] 1 TSR T o [ Lo Y SRS Xviii
0.6 Overview Of the deSign CharaCtEriSTICS . ......cviiiiiiie et Xix
0.6.1 PrEAICTIVE COUING ...ttt ittt e bbbkt s et b e ke bt e b e e Rt e Rt e s et e sbesbeebeeneenee e e benbenbe s Xix
0.6.2 Coding of progressive and iNterlaced VIAEO ..........coveiiiiiiiiiiiei e e XX
0.6.3 Picture partitioning into macroblocks and smaller partitions ............ccccoovieiiicieieieie e XX
0.6.4 Spatial redundanCy FEAUCTION .........cveiiiiiii et be e et e besbesbesresneenee e enras XX

0.7 How to read this SPECITICALION ........ccveiiiiciie e e e e e s restesneera e e eneeneens XX

S oo o 1 SR 1
I N o] 0 LAY =T =) (=T =T (0TSO USSR 1
K N I 1< 1 ) [0 o PSRRI 1
O Y o o] €=V T= 1 o] SO OO OO P RSO URTSRPRSRPRN 9
L O] 017/ o | £ [o] o 3OOV PRUROTURTURTR 10
5.1  Arithmetic operatorse .. S b W A b B W B 10
5.2 LOGICAI OPEIALOS ... cueitieeteite ettt ettt ettt b et b ettt b etk b etk b ekt s b etk e bt bt bt e ke e bbbt et b et et r et 11
5.3  Relational operators........... L&l BB L B EL AL R ERUR SR b e 11
B4 BIt-WISE OPEIALOIS .. .iteiuieuiitite it te ettt e e et sttt ae et et eseese e besteeb e eb e e aees e e ee et e e b e eb e eEeeheeh e et enbeseeebenbeebenbeaneeneennen 11
5.5 ASSIGNIMENT OPBIALOIS ....veuvetiiteiteatssssasrestessesesaressnserssssssessassessessessessessesssessessessessessessesseasssssessessessessesensenssessessens 11

L T =14 0 [0 1 [0] v 110 AP oo rrerrerrerrerrerrerrrrrer USRS 12
5.7  Mathematical fUNCtioNS ... 12
5.8  Order of operation precedenCe .. . e 13
5.9  Variables, syntax elements, and tabIES..........cooiiiiieioiere e 14
5.10 Text description Of 10QiCal OPEIALIONS ........ciiveiiiiieiie ettt 14
DAL PIOCESSES ....ueiteeiteeiteete et et e ste et et e esteebeesbe e s be e ebeeaeeeae e eh e e b e 2 b £ eab £ ek b e e b £ e AE £ e AE e 4R e oAb e AR £ e ARe £ Re e R e e R b e eR b e eE b e eE e e nbeenbeenneeneenne 15

6  Source, coded, decoded and output data formats, scanning processes, and neighbouring relationships.......... 16
6.1 BIESITEAM TOIMALS ... eveieieiecie ettt sttt e et e s et e be st e s b e s bees e e s e e neenbeseesbesbeaneeteaneeneeneens 16
6.2 Source, decoded, and OULPUL PICTUIE FOMALS ........oiviiiieiieecee et nee 16
6.3 Spatial subdivision Of PICTUIES aNG SHICES ......ccueiiiiiiie e e 21
6.4  Inverse scanning processes and derivation processes for NEIGhDOUS ..........cccooiiieiiiiieie s 22
6.4.1 Inverse MacrobloCK SCANNING PIrOCESS .....ccuviieieieieiieseste st ete e e et e et e e stesbe e e e e e et e besresbesbeereeteenseseesneneas 22
6.4.2 Inverse macroblock partition and sub-macroblock partition SCanNiNg ProCess ........ccccceveverevesesesreereenes 23
6.4.3 Inverse 4x4 luma bBIOCK SCANNING PrOCESS ...c.vevevirieriesiesiesieereeeeiestese e sre e s e esaeseeseeseesaestesresresresneeneeseenees 25
6.4.4 Inverse 4x4 Ch or Cr block scanning process for ChromaArrayType equal to 3........cccccevvvvvvnvvvinerenne, 25
6.4.5 Inverse 8x8 luma BIOCK SCANNING PIOCESS ......c.vivirieiiiriieiisierieeste ettt 25
6.4.6 Inverse 8x8 Cb or Cr block scanning process for ChromaArrayType equal t0 3........cccovveriireiinennennn, 26
6.4.7 Inverse 4x4 chroma bloCK SCANNING PrOCESS .....c..ioviiuiiiiriiiieiieieie ettt et 26
6.4.8 Derivation process of the availability for macroblock addresses ...........cooeeieieneiiiiiiieeeee 26
6.4.9 Derivation process for neighbouring macroblock addresses and their availability ............cc.cccceiiienienean 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 ...........c.cccevevveveieieierenennn, 28
6.4.12  Derivation process for neighbouring I0CatioNS...........cccvviviieiieieie e e 33
6.4.13  Derivation processes for block and partition iINJICES...........coceiiiriiiiiiii s 35

T SYNTAX QNG SEIMANTICS ...ttt ettt bbbt bbb bbb b e b e bbb e bt e b b st e b b et st e bt et nb e 37
7.1 Method of specifying syntax in tabular fOrM ..........ccooi i s 37
7.2 Specification of syntax functions, categories, and deSCHIPLOIS .......cvcverererereriere e 38
7.3 SYNtaX iN TADUIAT FOIM ...ttt bbbt 40
7.3.1 AL UNTE SYNMTAX .ttt ettt bbb bbbtk b et b bbbttt bt 40

©

ISO/IEC 2014 — All rights reserved iii



ISO/IEC 14496-10:2014(E)

7.3.2 Raw byte sequence payloads and RBSP trailing DitS SYNtaX..........cccovriiieiiiiniie e 40
7.3.3 S TTotc R A T=T: o Lo Y ) - VOSSR 49
7.34 S Lot P L )V 0 D SRS 54
7.35 Y ot 0] o] 00t S = Y=Y )Y/ v O PSSR SS 55
A S 1= 11 10 ot OO OO OSSOSO TSR TOPRTO 62
741 NAL UNTE SEMANTICS ...vtveitieiieiieieie ettt sttt ese s et e e stesbesbeebeeseeseeneeseesaesbeaaeeteeneeneeneensenteaneas 62
7.4.2 Raw byte sequence payloads and RBSP trailing bits SEMANtiCS ...........ccevviirineiineneiesee e 72
7.4.3 SHICE NEAART SEMANTICS ... eiutite ittt ettt b e bt bt e bt et e e sb e b e st e bt e b e e st enee s e nbenbesbeneas 86
7.4.4 SHCE TAtA SEIMANTICS ...ttt st b e bbbt et et e e e besb e e b e s b e e bt et e e bt anbennenbenbeebeeras 98
7.4.5 MaCTODIOCK TaYEI SEMANTICS. ... ..viveitiiie ettt ettt b e te e e e st e e et e besbestesneeneeseesbentenneas 98
D cToTo o [T T ] o L=T) SRS 111
8.1 NAL UNIt ABCOUING PIOCESS .. veveeteeueeueereestesteateateeeeteseestesbeatesseaseeseeasasbesbeabesseaseaseeasebesbesbesbeaseebeaneansesnenbesbesaens 112
8.2 SIICE UBCOUING PIOCESS. ... .etiteitieteeueete st st ste bt e st e et be s be bt s be e st e s e e es e besbeeb e e bt e be e s e e e e besbeebenbeebeebeeneaneennenbenbesbens 113
8.2.1 Decoding process for PICTUIE 0N COUNL......cc.civiiiii ettt st st r e s 113
8.2.2 Decoding process for macroblock t0 SIICE group Map ......ccveiveieiiiie i 117
8.2.3 Decoding process for slice data PartitionS ..........ccocvveiieieieie e 121
8.2.4 Decoding process for reference picture lists CONStIUCTION..........covivieiiiieii e 121
8.25 Decoded reference picture Marking PrOCESS .......coeoviireiiirieieerieieie sttt 128
8.3 INra PrEAICTION PrOCESS. .. .eveiiitieettste ettt sttt sttt sttt b etk b etk b etk s b etk e b st ek b e bt e b b ek s b et et s b et et b st et n e 133
8.3.1 Intra_4x4 prediction process for IUma SAMPIES.........coeiiiieiiiie e e 133
8.3.2 Intra_8x8 prediction process for IUma SAMPIES.........ccuiieieiiii e 140
8.3.3 Intra_16x16 prediction process for Iuma SAMPIES..........ccoeiviiiiiiiieiie e 148
8.34 Intra prediction process for Chroma SAMPIES.........c.cciiiiiiieiiii e e eas 150
8.3.5 Sample construction process for | PCM macroblOCKS ..........ccoviiiiiiinieiisieccc s 154
ST 01 (=Y o] =T [Tod 4] T ] 0oL USSR 155
8.4.1 Derivation process for,motion vector/companents and réference iINdiCES.. ... wi/eeeeireneiinensineneene, 158
8.4.2 Decoding process for Inter prediction SAMPIES ..........oovoiiiiiiii e 170
8.4.3 Derivation process for prediction Weights (.. a2 olh 6 e L@ IR L @b h h e 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...........c.cocovveieiiiiiiiieiiiennns 182
8.5.2 Specification of transform decoding process for fuma samples of Intra_16x16 macroblock prediction
INOTE .o e et et ety et e ekt et teta et s e st e gt eate e e T e ne e st et stent et asesseaenbentabenbeneabeneene st ene 183
8.5.3 Specification of transform decoding process for 8x8 luma' residual blocks...........cccovvvveieviniiicvcnicininnns 184
854 Specification of transform decoding process for chroma Samples..........ccovereineniinencinee 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...........ccoovviinieniiiiiiiicicnenn, 186
8.5.7 Inverse scanning process for 8x8 transform coefficients and scaling listS...........ccoovoeiiiieniiiiciiicienee, 187
8.5.8 Derivation process for chroma quantisation Parameters ..........ccceevereeieieeiieiesese e 189
8.5.9 Derivation process for scaling fUNCLIONS...........coiiiiiiiicicice et 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 ...........ccccovvviveveievcccicnenn, 191
8.5.12  Scaling and transformation process for residual 4X4 DIOCKS...........ccovviiiiiiiiiicee s 193
8.5.13  Scaling and transformation process for residual 8X8 DIOCKS..........c.cceveriiiiiiiiiiiiice e 196
8.5.14  Picture construction process prior to deblocking filter Process..........ccocoveiiiiiieninieniieieiee e 200
8.5.15 Intra residual transform-bypass deCOdiNG PrOCESS .......ccvcirriirererieniere et 201
8.6  Decoding process for P macroblocks in SP slices or SI macroblocks ...........cccceveviviiiiiiniie s 202
8.6.1 SP decoding process for NON-SWItChING PICTUIES........ccciiiiiiiie i 202
8.6.2 SP and Sl slice decoding process for SWitChing PICTUIES .........cccviviirieieeieiercr e 205
ST A =Y o] [0 ot ST a0 I 1L (=T 0 =SS 207
8.7.1 Filtering process for DIOCK BAQES ........ooviiiiiic e 211
8.7.2 Filtering process for a set of samples across a horizontal or vertical block edge........c..ccovvvveveiieicnnnnnne 213
PAFSING PIOCESS ...t bbb bbb bbb bbb 219
9.1 Parsing process for EXp-Golomb COUES ..o 219
911 Mapping process for signed EXp-Golomb COUES ..ot 221
9.12 Mapping process for coded DIOCK PALTEIN ..o 221
9.2  CAVLC parsing process for transform coefficient [EVElS. ..o 224
9.21 Parsing process for total number of non-zero transform coefficient levels and number of trailing ones..225
9.2.2 Parsing process for 1evel INFOrMAation ..o et 229
9.23 Parsing process for run inforMatioN ..........c.cociiiiiiic et 230

© ISO/IEC 2014 — All rights reserved



ISO/IEC 14496-10:2014(E)

9.24 Combining level and run iNFOrMELION .........ooiiiiii e 233
9.3  CABAC parsing process fOr SHCE Tata..........cccveveiieiieriiiiie ettt saesr e ae e sresresneeneens 233
931 INIIAIISALION PrOCESS ... i tiitieieeteie ettt e ettt et s e e st et e et e e teese e e et e besaesbesbeebeeseesses s e e enbeseesbentesaeeraeneans 235
9.3.2 BINATIZALION PIOCESS ....veveteieeeteeeeiete e te st e te e st e e e e e st e teseesbeareesees e e e e seseesbesbeaaeeteeseeneeseenseseesnenreaneanens 259
9.3.3 DeCOdiNG ProCESS FIOW ....cveceiciiece sttt e e et e besrentenresnesreaneeneas 268
9.34 Avrithmetic encoding process (INFOrMALIVE) .........covciiiiiiriii e 290
Annex A (normative) ProfileS and 1EVEIS...........cooiiii e 298
A.1l  Requirements on video decoder Capability........cccoiviieiiiiiiiiie i 298
A2 PIOTIIES e E R R AR Rt Rt b et sttt 298
A21  BaSEliNe PrOfile ..o bbbt 298
A2.2 MM PROTIIE .ottt b bbbttt r e ebeenes 299
A2.3  EXIENUEU PIOTIIE ... bbbttt bbbt bbbt nb et b b neeneas 299
A24  HIGN PIOTIIE e bbbt e bt bbbttt bbb b e eneas 300
A25  HIgh L0 Profile oo et a ettt e tesrenreeneenes 301
A2.6  HIG 4:2:2 PrOfile oo et e et r et et sreateereenes 301
A2.7  High 4:4:4 PrediCtiVe Profile ..ot 302
A28  High 10 INtra Profile.....c ettt renre e eneas 302
A2.9  High 4:2:2 INtra PrOfile. ..o bbb 303
A2.10  High 4:4:4 INtra Profile... ..ot 303
A2.11  CAVLC 4:4:4 INtra Profil ...ciiiicici ettt a s enn 304
N T 1YY OSSO 304
A.3.1  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 ......c..cccccevvverenenn. 307
A.3.3  Profile-specific 1eVEl TIMItS........cc.cviiiiiiie st aesresre e eneas 309
A.3.4  Effect of leyel limits on frame rate (INFOrmMative)...co. e il /it e 314
A.35  Effect of level limits on maximum DPB size in units of frames (informative) .............ccocoveninicnennn, 317
Annex B (normative) Byte stream format. /. el e L e i e 319
B.1  Byte stream NAL unit syntax and SEMANTICS.........cccviviierieriireseseseseeeeeesees e seesre e e e eeeseeseessessesnesresneanens 319
B.1.1 Byte Stream NAL UNIT SYNTAX 5yt ihiiee b el G et (3556 o eererreressersesessessesessessesessessesessessesessessesesseseesessessesesses 319
B.1.2 Byte Stream NAL UNIL SEMANTICS ..y /uxesryebarerie fesassbef3rmsdyorebyfas et fesbaieshs fe@hmsseseeseesessesessessesessessesessensasesses 319
B.2  Byte stream NAL UNIt 0eCOMING DFOCESS i isueriareschri rby el £33 shessereesessesasessessasessensasesseseasessessssessensssesseseasens 320
B.3  Decoder byte-alignment recovery (INTOrMALIVE) .........ooiiiiiiiie et e 320
Annex C (normative) Hypothetical reference deCOUBT ........ccoviviiciiicie e e 322
C.1  Operation of coded PiCture DUFFEN (CPB) ........ciiiiiiiieieieieesie ettt 326
C.11  Timing Of DItSIrEamM ArTiVaL..........cooiiiiiiie ettt b e bbb 326
C.1.2  Timing of coded PICtUIE reMOVAL .........ccoiiiiiiiie e et 327
C.2  Operation of the decoded picture BUFFEr (DPB) ......c..cciiiiiiiiieie sttt e e sn s 328
cal1 Decoding of gaps in frame_num and storage of "non-existing" frames ..........cccccevvieviennsiesescesveece e, 329
c.2.2 Picture decoding and OULPUL .........cceiiiiieireeeeee ettt st e resneera e e eneesaessesresnenreaneanens 329
c.23 Removal of pictures from the DPB before possible insertion of the current picture..........cccccoovvevvvinnens 330
C.24  Current decoded picture marking and SLOTgE ........cviverieiiirieire ettt 331
C.3  BitStream CONTOMMANCE ......c.eoiiieieii ettt s e e b e besbe et e e beene e e e e enteseenbesbeaneereenes 332
O S B L= Tolo o (=] ol ] ) o] 1= L Lo SO S U URTURUROR 334
c41 Operation of the QULPUL OFEE DPB.........ccoiiiiiiiieeee e ettt e b enes 335
C4.2 Decoding of gaps in frame_num and storage of "non-existing" PiCtures ..........cccecevviesesecvieiesese s, 335
C43 e T (0 o Yoo [T 0T OSSR 335
C.4.4 Removal of pictures from the DPB before possible insertion of the current picture..........cccccocvvevvvinnens 336
C.45 Current decoded picture marking and StOFAQE ........ccevvivreieerieriere e se e e sae et re e e e neenee s 337
Annex D (normative) Supplemental enhancement infOrmation ... 341
20 R oY (o= 1o R v USSP 342
D.1.1  Buffering period SEI MESSAJE SYNTAX .....c.cieivieieeieriiiesiesesieseeeeeeeessessessessessesseessessessessessessessessessenses 344
D.1.2  Picture timing SEI MESSAPE SYNLAX ...vvivereeeerierierieriestesreseeseeseesteseestestessessesseessessessessesssssessessesessessessenses 344
D.1.3  Pan-scan rectangle SEI MESSAGE SYNTAX .....c.oiviriiiririeiriiieisieeeie sttt 345
D.1.4  Filler payload SEI MESSAJE SYNTAX .....c.uiiruiiiririiiitirteieiestee sttt sttt sb et 346
D.1.5  User data registered by ITU-T Rec. T.35 SEI MESSage SYNAX ......ccereruiririerieiienienie et ee e 346
D.1.6  User data unregistered SEI MESSAGE SYNMEAX ....ccueiuerurrierierieriisiesieeieeieeie st st ste st st e e e s seesbeseesbeseesnesreenes 346
D.1.7 Recovery point SEI MESSAQE SYNTAX........cuiiiiiiiirieieitesesteetesieesieseeste e ste s e s e esaesaestesaesrestestesseesesssessessenses 346
D.1.8  Decoded reference picture marking repetition SEI MeSSage SYNtAX.......cccvvvereevereeriereenesiesreseseeseeseennes 347

© ISO/IEC 2014 — All rights reserved Y



ISO/IEC 14496-10:2014(E)

D.1.9  Spare picture SEI MESSAJE SYNTAX .....c.ueiiiiuiieirtirieitirtereetieterte et sttt st e s e e see e ebe b sbesbesbeebe s e eneeseesaesee e 347
D.1.10 Scene information SEI MESSAJE SYNTAX ......ccueiviieiieieieeiieiiesie e stestesesseeeesaesaesrestestesrestesseesaeseesseseessessens 348
D.1.11 Sub-sequence information SEI MESSAgE SYNIAX.......ccuciveiieiririeiesesieseeieieesie e sre e sresresreeseesaesressesressessesns 348
D.1.12  Sub-sequence layer characteristics SEI MeSSAQE SYNTAX......ccvivrerereeieierierieseeseseesresre e eeeseeee e seesee e 348
D.1.13  Sub-sequence characteristics SEI MESSAPE SYNTAX ......cververreriereiririeieeeereesiesiestesreseesresreeseeseessesseseessesseses 349
D.1.14  Full-frame freeze SEI MESSAGE SYNTAX ......civiiiirieirierieieiteiete sttt sttt sttt sttt et 349
D.1.15 Full-frame freeze release SEI MeSSAJE SYNTAX ......ciiiririirerieisiesiete sttt s 349
D.1.16  Full-frame snapshot SEI MESSAJE SYNTAX........c.eieiirereaieieriesie sttt see bbb sbe e e e b e e e 349
D.1.17 Progressive refinement segment start SEI MeSSage SYNTAX........ccureiiairiiirererene s 350
D.1.18 Progressive refinement segment end SEI MeSSAgE SYNTAX........eivieieeiieieiiieiesiesesiesreseseereeseesaeseesseseeens 350
D.1.19 Motion-constrained slice group set SEI MeSSage SYNTAX .....cccieiiiiieeieieeiierieseese e sre e e seeae e sre e 350
D.1.20 Film grain characteristics SEI MESSAgE SYNTAX ....vcuvieeierieriirieiesiesieseeeeeeee e sees e seesresre e naeseeaeseeseeseeens 351
D.1.21 Deblocking filter display preference SEI MeSSage SYNIAX ...cc.ccveivrvieieeierieiesieseseesresreseeeeseesaeseeseeseeens 351
D.1.22  Stereo video information SEI MeSSAgE SYNTAX .......civeiitirieiierieiite ettt sttt 352
D.1.23  Post-filter hint SEI MESSAGE SYNTAX .....cuiiiirieiiiieiite sttt sttt sttt 352
D.1.24 Tone mapping information SEI MESSAJE SYNTAX ....ccueierieieirieiierie st eiee e et sbe st ee e b e b e 353
D.1.25 Frame packing arrangement SEI MeSSAge SYNTAX ........cciuriuirireriierieeeeeie ettt 354
D.1.26  ReServed SEI MESSAJE SYNTAX . .cuciuiiieiueiriitestesteseaseeseessestessessessessessessesssesssssessessessessessessessssssessessessessessenns 354
D.2  SEI PAYI0ad SEMANTICS .....cviiiitiiiiitiie ettt sttt st e be e beetaese e s e e et e besbestesaeabeeteeseenee e enteneenrenras 354
D.2.1  Buffering period SEI MeSSage SEMANTICS. ......civiviireerieiereertesesesteseeeeeesee e sre e sressesseessesaesseseeseeseessesns 354
D.2.2  Picture timing SEI MeSSAQE SEMANTICS. .......ciiiireierreeeeieseesiesiestestesesreseeeeseeseesseseesresresreeseeseeseeseesseseeses 355
D.2.3  Pan-scan rectangle SEI MeSSAge SEMANTICS ......cccoeieiiiirieiieniee et 360
D.2.4  Filler payload SEI MESSAQE SEMANTICS ......evetiitiieierieiete ettt sttt bttt 361
D.2.5  User data registered by ITU-T Rec. T.35 SEI message SEMANtICS.......ccccruerueruerererienineeieie e 361
D.2.6  User data unregistered SEI MeSSAgE SEMANTICS. .......cuiiruriuiririesiesiesieeee et e e e e b e e e 362
D.2.7  Recovery point SEl;message semantics . AL Eon R R B 2 L R e 362
D.2.8  Decoded reference picture marking repetition SEI' message sSEmMantiCs........oo..ootivivivieieeieiesese e 364
D.2.9  Spare picture SEI message SEMANLICS 5w witem i ek @i fhaian b e it heereereereereeseesseseessesesessesseesseseessessenes 364
D.2.10 Scene information SEI MeSSage SEMANTICS «..vvvuvivriereerrerieresiesiesressainnareereeseessessessessessessessseseessessessessessenes 366
D.2.11  Sub-sequence information SEI MeSSage SEMANTICS .........ervreririeiireieese et 368
D.2.12  Sub-sequence layer characteristics SEI-MESSage SEMANTICS .. cveveiiieerieiieee e 369
D.2.13  Sub-sequence characteristics SEI message semantics: s/l e e 0 G /0 i0dnDiot e 370
D.2.14  Full-frame freeze SEI message semantics .../t L A0 Ll 372
D.2.15 Full-frame freeze release SEI MeSSage SEMANTICS. ......ccciveiiriiieiisieiieeieieesie e ste e sre e e e e e sresre st 372
D.2.16 Full-frame snapshot SEI MeSSage SEMANTICS .......cccvcviiveiieiierieiesesesesree e eee e seesresresre e re e e e eeesaesnesre e 372
D.2.17 Progressive refinement segment start SEI message SEMANTICS........cvvveveeerereresiesesese e eree e see s 372
D.2.18 Progressive refinement segment end SEI Message SEMANTICS. ......ciververiereiriereieseseeeereese e see e e seesnens 373
D.2.19 Motion-constrained slice group set SEI message SEMANTICS .........cvieiiereinenieiererie e 373
D.2.20  Film grain characteristics SEI mMesSage SEMANTICS .......cviirieiererieinieieie sttt 374
D.2.21 Deblocking filter display preference SEI message SEMANtICS.........cuivaerirrierieiene e 380
D.2.22  Stereo video information SEI Message SEMANTICS........c.ciuriiiiiiiiieieeie e e 382
D.2.23  Post-filter hint SEI MESSAGE SEMANTICS .......civeiviiiiireariieeiieiiesiesesreste s e sre e e e e e e e besresrestesreere e e eneesresaeseens 382
D.2.24 Tone mapping information SEI MesSage SEMANTICS .........ccevviieiieieiiieie e s e e e e s sre e 383
D.2.25 Frame packing arrangement SEI message SEMANTICS. .......civvvivierieiieeriereesesesiesesresresee e seesee e seeseesreens 385
D.2.26 Reserved SEI MeSSAgE SEMANTICS ......cuevirieiiriereieeeeeeeieseestestesresseseeseeeeseeseessessessessessesssessessesseseessessenes 395
Annex E (normative) Video usability iNnFOrMation ..o 396
S R VU SV - GRS TORRO 397
E.1l.1 VU PATaMELEIS SYNMTAX ...evveiieeiiieiieeiieeie st seesteesteeteestesseesseesaeesteeseeaseesseesseesseesseenseanseaseesseesseensenssensenssenns 397
E.1.2 HRD PAraMELEIS SYNTAX ...euvievieriieriesiiesieeseeseeseesseeseeesseeeeassesssesseesseesseeseessessseesseessnanseassessessseenseessensenssenns 398
O VA L ST 4T T ot SRS 398
E.2.1 VUL PAraAMELErS SEIMANTICS .. .c.veviitieeiiiteiieteste ettt ettt sttt sttt e bbbttt b bbb bt e s 398
E.2.2 HRD Parameters SEMANTICS ... ...ue ueiuirieiieieiteete sttt ettt e et ste b e sbesbeebe e e eseesee st e besbeebeabeens e e e aeenbenbesbenee e 411
Annex F (informative) Patent RIGNTS ... ..o bbb bbb 413
Annex G (normative) Scalable VIAEO COUING ......cuiiriiiiiiiiiiiet bbb bbb 415
L RS oo oL PSP UPRTPRTI 415
G.2  NOIMALIVE FEIEIENCES ...ttt bbbtk bbbkt b bbbt b et n e 415
LG B 1= 11 o] OSSOSO 415
LR AN o] o] =1 =LA o] OSSO 419
LTI 00417/ 1 £ o]0 1SS 419

vi © ISO/IEC 2014 — All rights reserved



ISO/IEC 14496-10:2014(E)

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

L= Y L0 a 1 (T oSS 419

G.6.1  Derivation process for reference layer macrobloCKS ..........cccccvieiiiiiiiiic i 419
G.6.2  Derivation process for reference layer partitions...........coccocveieriereienienie e 422
G.6.3  Derivation process for reference layer sample locations in reSampling .........cccoevevevievieninsiesieeiesieeneneens 423
G.6.4  SVC derivation process for macroblock and sub-macroblock partition indices...........ccccvervineiicnnnns 425
G.7  SYNEAX BN SEMANTICS .....eviietiiteeetirtee ettt ettt sttt e bt bt bbb bt e bbbt eb e e et e e b e et e eb e e et e e b e ebeanes 425
G.7.1  Method of specifying syntax in tabular fOrm ... 425
G.7.2  Specification of syntax functions, categories, and deSCrHPLOLS .........cccoiereririeiieierere et 425
LI T\ ) = Ve [ = o]0 ] -V g (o] 2 o SRR 425
G784 SEIMANTICS ..veveeieiieiieie sttt ettt sttt st be st et et s b e s e e be st e s e e be s e e R e e be e e e se e b s e e Rt e bt e st ek st e b e s b e st e be et et et b ene et 437
(TR T AV O [=ToTo o L] Vo o] £ =TSO 471
G.8.1  SVC initialisation and deCOUING PrOCESSES.....cuuieerrerrerrirterrearesreeeeeessesseseessesseaseeseessesseseessessessessesseesseseens 472
G.8.2  SVC reference picture lists construction and decoded reference picture marking process ...........c.......... 492
G.8.3  SVC INtra dBCOUING PrOCESSES ....vcueeviteriaterteseeteseest et stete st st e bt sbe e et b et s bt b et st s b e st et sb e bt sbe e ebesbe e et abe b st abns 503
G.8.4  SVC INLEr PrediCLION PIOCESS. . ..eeueeureeetertestestesteateeseetetestesbesbesbeebe s bt asee e e besbesbesbesbeabeebeeneeseesbesbesaesbeenens 513
G.8.5  SVC transform coefficient decoding and sample array CONStruCtion ProCESSES ........coerververiererierieniuereens 526
G.8.6  Resampling processes for prediction data, intra samples, and residual Samples .........cc.ccocvcvveievieieiennns 543
G.8.7  SVC debloCKiNg FIltEI PrOCESSES ....ecviiveiriiieetieieieie sttt e sttt st te s be e beeteeseesae e e besresbesresreereeneens 573
G.8.8  Specification Of DItStrEaM SUDSELS .....c.veiviiie it sneere e e 585
(TR = 1 €] a T I o] (0ol 586
G.9.1  Alternative parsing process for coded bIOCK PAttern ...........ccooriiiiiiniiinee e, 587
G.9.2  Alternative CAVLC parsing process for transform coefficient leVels...........c.ccooveneiiniiiinciicnee, 588
G.9.3  Alternative CABAC parsing process for slice data in scalable eXtension ............ccocceveveneienenencnennn 592
G.10  ProfileS @nd IBVEIS .......oouiieiieeee bbbttt b bbbt be et e b e bbb eneenes 595
G.10.1  Profiles ... s 0 B G A L A T o T R L e e 595
GLL10.2  LBVEIS ettt ettt ettt be et be e ke bt e EeeRe Rt eRe bt e R R Rt Re b et e b b et e b b et et ne et 598
G.11 Byte stream fOrmat............. £ s s dobim 5o il @i i e 30 e v e reereeeesteseesteseessessessesseeseeseeseeseesreseesseesenses 603
G.12 HypothetiCal refEreNCE UECOUET ... ..cvie e eeeieerestes e steeresreeseesesdeentestestestesseeseeeesbeseestesbesaeeseeseeneeseeseestesnenneanes 603
G.13 Supplemental enhancement INFOrMELION ...........cooiiiiiiiec e 603
L0 R 00 ST = I o=\ (0= To I3V 0] 1=V G e e e OSSOSO TSR U POV PO URPTRPRO 604
G.13.2  SEI payload/semantics. .. a1 cala 0 o s S N e e 0 G L 0l n D0t 610
G.14 Video usability information...c./aa 002 0a000 Lt 0 L2l 638
G.14.1  SVC VUI parameters eXIENSION SYNTAX ......ccveiveriiiuerieriesiesieseseeieseesseseessessessessessesssessessessessessessessessessenns 639
G.14.2 SVC VUI parameters eXtenSioN SEMANTICS........ciiiiieiiiieeieiiesiese e ste e steseeseeeeseesrestesresresseeneeseesseseeseens 639
Annex H (normative) MUItiVIEW VIAEO COUING ......ccveieiiieiisiie sttt ene e s e eneesnenannaenneas 642
[ O Yol o OSSOSO USSR 642
H.2  NOIMALIVE TEFEIEINCES ..vitiieiiiie ettt ettt sttt sttt sttt b et et e s b et b ettt e e et st ne et 642
[ TR T B ) 11311 ] oL OO OSSOSO 642
[ 1 AN o] o] (A T L o] OO OO EO TSP SO U SOPR PSR 644
[ TSI 00 4177101 1T L OO OSSPSRV UR PSP 644
H.6  Source, coded, decoded and output data formats, scanning processes, and neighbouring relationships.......... 644
H.7  SYNtaxX AN SEIMANTICS .....ouiiviieiiiteiete ettt bbb b ettt b ettt b et et b et et b et bbbt b 645
H.7.1  Method of specifying syntax in tabular fOrm ... 645
H.7.2  Specification of syntax functions, categories, and deSCrIPLOrS ........ccooeiiririeeiieiere e 645
H.7.3  Syntax in tabUIAr FOrM . ....c..ooi ettt s r e besaeereenes 645
H.7.4  SEIMANTICS .eoviiiesieiiiteiee sttt ettt ettt b et e e e bttt b e b e b e Rt b et bt b e b b s e e b et e s e b et n e abe e 649
H.8 MV C dECOUING PrOCESS ...vvveivrerieiesiesiesteseeseeseetestestestesteaseeseessesaeseessesseaseaseessenaesaessesseaseaseensessessensenaesressesneanes 663
H.8.1  MVC decoding process for PiCtUre OFder COUNT ........ccvereiireieieeeeeeie e ste et sneerae s 663
H.8.2  MVC decoding process for reference picture lists CONStIUCION..........c.cvrveiiiriiininiereee 664
H.8.3  MVC decoded reference picture Marking PrOCESS.........curueiririiirinieisieieise e 668
H.8.4  MVC inter prediction and inter-view prediction PrOCESS .........ooeiiiereriienieeie e e 668
H.8.5  Specification of DItStream SUDSELS .........couiiiiiiiii e e 669

[ TR T = 1 [ o o] (Lot SRS 673
H.10  ProfileS @nd IBVEIS .......oiiiiiieice ettt s b et b et b et bbb bttt ne et 673
H.LO0.1  PROFIIES oo bbbt b et b bbbt b bt s bt s e bt s et e b 673
H.L0.2  LBVRIS ottt ettt bbbt s bt e R b e R R bR R e R bR Rt b bRt R et b e n e r s 674
H.11  BYLE SErEAM FOIMEL ..ottt bbb bbbttt b bbbt b e b 678
H.12 MVC hypothetical referenCe QECOUET..........ooi it e e 678
H.L3  IMVC SEI MESSAGES. ... i ettt ittt ettt sttt b et b ekt ekt e e bt ekt e s bt eh bt eh s e eh e e s b e e ek e e et e me e e ae e ebeenbeenbeanbeanbeneee e 678

© ISO/IEC 2014 — All rights reserved Vi



ISO/IEC 14496-10:2014(E)

H.L13.1  SEI MESSAQE SYMEAX....utiiuriitiiitietieiteeitestee bt e ste et ettt e sbe e bt et e es b e sbeesbeeebe e ke s seeeheesbe e ebeebeeabeeasebeanbeesbessnenbeeas 678
H.13.2  SEI MESSA0E SEMANTICS ...e.viiviiiiitiiieitreieitestestestestesteetee e esee st e bestesbestesseesse e esteeestestesbeeteaseeseeeeseenseseeseeneens 684
H.14  Video usability INFOrMALION .........ocviiiiciccc et e s beebe s te e e re e e et e seenrenras 696
H.14.1 MVC VUI parameters eXtENSION SYNTAX .....cceiervieeeeriiriesiesiesieseesseseeseeeessessessessessessessessesssessessessessessenes 697
H.14.2 MVC VUI parameters eXtension SEMANTICS ......cveueriirererireseeesieesieseeseesieseesresressesseeseesseseesseseessessessenes 697

LIST OF FIGURES

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a frame..........ccccccecvvvvnnnne. 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..........ccccccccevenene. 19
Figure 6-4 — Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom fields........................ 20
Figure 6-5 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a frame..........ccccccecvvvvnenne. 20
Figure 6-6 — Nominal vertical and horizontal sampling locations of 4:4:4 samples top and bottom fields........................ 21
Figure 6-7 — A picture with 11 by 9 macroblocks that is partitioned into two SIICES...........ccvveveiiniiie i 22
Figure 6-8 — Partitioning of the decoded frame into MacroblOCK PAIFS ..........cccveiiiiiiiiiii e 22
Figure 6-9 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans, and sub-macroblock partition

102 1 T T T T TP OO PP UPPTPPPTPPPPPIN 24
Figure 6-10 — Scan fOr 4X4 TUMA DIOCKS........c..c. ittt b et b e bt be e 25
Figure 6-11 — Scan for 8x8 luma blocks. .. ... . L 25
Figure 6-12 — Neighbouring macroblocks for a given macroblocke. e L. ka2l 27
Figure 6-13 — Neighbouring macroblocks for a given macroblock in MBAFF frames..........cccoeviiiieiiieniee e 28
Figure 6-14 — Determination ofjthe;neighbouring macroblock; blocks;:and partitions (informative) .........ccceoverernenen. 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. ........cceiiiiiiieieee et 70
Figure 8-1 — Intra_4x4 prediction mode directions (infOrmMatiVe) ...........cccveiverireiinin i 135
Figure 8-2 — Example for temporal direct-mode motion vector inference (informative) .........cccocoeeiieiviiiiecieieseieees 167
Figure 8-3 — Directional segmentation prediction (iNfOrMatiVE) ..........cccceiiiiiiiicie i 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 luma interpolation ... e 174
Figure 8-5 — Fractional sample position dependent variables in chroma interpolation and surrounding integer position

SAMPIES A, B, €, ANA D .ttt btttk et b e bbbt Rt e R e e e e bbbt b e a e e b e e e e bbb e 177
Figure 8-6 — Assignment of the indices of dCY t0 IUMAAXABIKIAX .........ccceiviiiiiiiiiieiee e 183
Figure 8-7 — Assignment of the indices of dcC to chroma4x4Blkldx: (a) ChromaArrayType equal to 1, (b)

ChromaATrray TYPE EUATT0 2 ......ciueieieeiicieitee ettt e e et st e besaeere e e eseesaestestesaeareaneeneeseesenrenrens 185
Figure 8-8 — 4x4 block scans. (a) Zig-zag scan. (b) Field scan (informative) ..........ccccoeviviieiiire s 187
Figure 8-9 — 8x8 block scans. (a) 8x8 zig-zag scan. (b) 8x8 field scan (informative) .........cccccccvevereiieiesnnie e 188
Figure 8-10 — Boundaries in a macroblock to be filtered ... 208
Figure 8-11 — Convention for describing samples across a 4x4 block horizontal or vertical boundary .........c.cc.ccccoueneen. 212
Figure 9-1 — Illustration of CABAC parsing process for a syntax element SE (informative) ...........ccocooveneiiencinennnn 235
Figure 9-2 — Overview of the arithmetic decoding process for a single bin (informative)..........ccccocoevviiviiciciciciciene 284
Figure 9-3 — Flowchart for decOding @ ABCISION ........cciiiiiiiiieieicie et te e e sr e st e besbesteeneeseeseesteseesrens 285

viii © ISO/IEC 2014 — All rights reserved



ISO/IEC 14496-10:2014(E)

Figure 9-4 — Flowchart of renormaliZation ............c.ccooiiiiiiieiie et sa et r e te s aeeta e et e e sneanas 288
Figure 9-5 — Flowchart of bypass AeCOUING PrOCESS .........eiuireiieiiiieriesie sttt ettt sb ettt sttt bbbt et e e e be b b e 289
Figure 9-6 — Flowchart of decoding a decision before termination ... 290
Figure 9-7 — Flowchart for encoding @ GBCISION..........ciiiiiiiieie ettt r e sa et s resre e na e e eneesaenrennes 292
Figure 9-8 — Flowchart of renormalization in the BNCOUEN...........c.oviiiii i e 293
Figure 9-9 — FIOWChArt OF PUIBIE(B) ........ooutitiitiiietieiese ittt sttt et b e bbb et b e et eb e 294
Figure 9-10 — Flowchart of encodiNg DYPaSS ......cc.eiiiiiiiiiei ettt 295
Figure 9-11 — Flowchart of encoding a decision before termination .............cccocveiiinininen e 296
Figure 9-12 — Flowchart of flushing at termiNation ............cccoviieieiiie et nns 296
Figure C-1 — Structure of byte streams and NAL unit streams for HRD conformance checks...........cccoovveveviivicienennnnn, 322
Figure C-2 — HRD DUFTEr MOEL ... bbbt b et bbbttt e bbb e 324
Figure D-1 — Rearrangement and upconversion of checkerboard interleaving (frame_packing_arrangement_type equal

1101 SO 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 (O, 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)
TOr CONSEITUBNE FTrAME L. 5ok a5 b T o FE 0 780 40 0 T3« 55 T8 0« F w00 s e e et anenteaneaneeneenseseeneeneenns 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 (05 @) or (8} 4) for both constituent frames.............ccc.e.... 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)0r'(8, 4) for constituent frame 0, and (X, y) equal to (8, 12)

for constituent frame<d/ siandardsdehalcatalogliandardsssi/hedechb e T8 4803080 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)
TOr DOt CONSEITUBNT FrAMES.....e. ettt bbbt b et b et b et et b et et b st e 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 L .......c..ccccvevvrieieviii v 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)
TOr DOt CONSEITUBNT FrAMES ... ettt bbbt bbbt b et bbb b st e 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 L ..........ccccevveierevini v 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 t0 1).........cccccovrvvevevevcienenn, 394
Figure D-11 — Rearrangement of a temporal interleaving frame arrangement (frame_packing_arrangement_type equal to
) OSSOSO 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

© ISO/IEC 2014 — All rights reserved iX



ISO/IEC 14496-10:2014(E)

LIST OF TABLES
Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table) ...........cccccveviiiiiiiinns 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 10 6.4.11.7......cccccoveririiiiiieienicnenns 29
Table 6-3 — Specification Of MDAGAINN ..ottt et 34
Table 6-4 — Specification of MBAAAIN AN YM ......oiiiiii et e e e e e aenrenne s 35
Table 7-1 — NAL unit type codes, syntax element categories, and NAL unit type Classes.........cccvvvvvevieiiveieeneiesiesieseanens 63
Table 7-2 — Assignment of mnemonic names to scaling list indices and specification of fall-back rule........................... 75
Table 7-3 — Specification of default scaling lists Default_4x4_Intra and Default_4x4_Inter ..........cccooeiviiiiiiiciencnennens 75
Table 7-4 — Specification of default scaling lists Default_8x8_Intra and Default_8x8_INter ..........c.ccooevvienerrinennennnn, 76
Table 7-5 — Meaning Of PriMary _PIC TYPE ...cuiieie sttt et st st reere e e esaeseestesteaneereeseesaeneenaeneenneas 84
Table 7-6 — Name assoCiation t0 SHCE TYPE ....cviiiiiiiiiie et st te et e e e e ae s eesbestesbeetaeseesbesrentesresneas 87
Table 7-7 — modification_of pic_nums_idc operations for modification of reference picture listS.........cccccooeiiiiiinnnnns 93
Table 7-8 — Interpretation of adaptive_ref_pic_marking_mode_flag..........ccceoriiiiiiiiiii 95
Table 7-9 — Memory management control operation (memory_management_control_operation) values................c........ 96
Table 7-10 — Allowed collective macroblock types fOr SHEE TYPE......cciviiviveieiie e 99
Table 7-11 — Macroblock types foril SHEeS .. bt dobh b b b i L L A 100
Table 7-12 — Macroblock type with value 0 for SITSHces £ o Ch & B L@ IR L S L s 101
Table 7-13 — Macroblock type values 0 t0 4 for P and SP SHCES ..ottt 102
Table 7-14 — Macroblock type Values 0 10 22 FOF B SIICES ..vvumysroussurrasassin fanesisnsbesses st feess innrsssionsatunssessesseasessenssessessessenns 103
Table 7-15 — Specification of CodedBlockPatternChroma valties 1. .. 40 i 105
Table 7-16 — Relationship between intra_chroma_pred_mode and spatial prediction modes..........c.ccoceevvevviveicienennenn, 106
Table 7-17 — Sub-macroblock types in P MacroDIOCKS .........ccoiiiiiiiiiiie e e 107
Table 7-18 — Sub-macroblock types in B MacrobDIOCKS ...........ccoiiiiiiiiiiieie s 108
Table 8-1 — Refined SIICE GrOUP MAP tY P . ..cuiiiiieiistise sttt ettt re e s e e e e stesbesteaneere e e eneeneenrenre e 118
Table 8-2 — Specification of Intradx4PredMode[ luma4x4Blkldx ] and associated NamMeS.........cccccevevevesesieeieeriesiesiens 134
Table 8-3 — Specification of Intra8x8PredMode[ luma8x8BIkldx ] and associated NAMES.........ccccceveveresesieeieriesieniens 141
Table 8-4 — Specification of Intral6x16PredMode and assOCIated NAMES ...........coireiereriieieiere e e 148
Table 8-5 — Specification of Intra chroma prediction modes and associated NAMES ..........ccoerererenirienie e 151
Table 8-6 — Specification 0f the Variable COIPIC.........ccivii i 160
Table 8-7 — Specification of PICCOGINGSIIUCT( X )..veiviiiiieieiicie ittt e ettt sa ettt tesaeeta e e enbeseesresee e 160
Table 8-8 — Specification of mbAddrCol, yM, and VErtIMVSCalE.........c.cooviiiiiii e 162
Table 8-9 — Assignment of prediction UtHHZAtion FIagS .........coor i e 164
Table 8-10 — Derivation of the vertical component of the chroma vector in field coding mode.............ccccooeeviniincnnn, 170
Table 8-11 — Differential full-sample 1UmMa I0CAtIONS.........cvoieie i 175
Table 8-12 — Assignment of the luma prediction sample predPartLX [ Xi, YL ] oeoveveeiieniiieieicne e 176
Table 8-13 — Specification of mapping of idx to ¢;; for zig-zag and field SCan...............ccoccviiiiiiiiiii 187
Table 8-14 — Specification of mapping of idx to c;; for 8x8 zig-zag and 8x8 field sCan............ccoeevvviiiiiiccice, 188

X © ISO/IEC 2014 — All rights reserved



ISO/IEC 14496-10:2014(E)

Table 8-15 — Specification of QP as a fUNCLION OF P ...ocveivoiiiicc e e nre 189
Table 8-16 — Derivation of offset dependent threshold variables o’ and ' from indexA and indexB.............c.ccooeviriennn 216
Table 8-17 — Value of variable t'co as a function of indeXA and DS .........ooviiiiieii e 217
Table 9-1 — Bit strings with "prefix" and "suffix" bits and assignment to codeNum ranges (informative) ..........c.cc.c...... 220
Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative) ...........ccccocenvrenene 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 )......ccccevvvvvevevenviennnns 227
Table 9-6 — Codeword table for level_prefix (infOrMatiVe) ..........cccoiiiiiiiicicccc e e 230
Table 9-7 — total_zeros tables for 4x4 blocks With tZVICINAEX 110 7...ccvvivveiicicc et 231
Table 9-8 — total_zeros tables for 4x4 blocks With tZVICINAEX 8 10 15.......cciiiiiiiiiire st 232
Table 9-9 — total_zeros tables for chroma DC 2X2 and 2X4 BIOCKS ..........ccooiiiiiiiniise e 232
Table 9-10 — Tables FOr FUN_DETOIE. ..ot resre e e e eneeseenresaenneas 233
Table 9-11 — Association of ctxldx and syntax elements for each slice type in the initialisation process............c.ccocev... 236
Table 9-12 — Values of variables m and n for ctXIdX from 00 10 ........ccooiiriiiiiiiiie e 237
Table 9-13 — Values of variables m and n for ctXIdX from 1110 23 .......ccoiiiiiiiiiii e 238
Table 9-14 — Values of variablesim and n forctxldx from24:t0 39 .00 L Ve Ll i s 238
Table 9-15 — Values of variables m andafor etxdax)from 40 10753 .. S0 D e s 238
Table 9-16 — Values of variables m and n for ctxldx from 54 to 59, and 399 t0 401.........ccccecerreririerneeeseee s 239
Table 9-17 — Values of variables m and n for CtXIOX from 60 10 69 ........pcveomrirresrisemsensesmresseesenmeresenreesiesree e 239
Table 9-18 — Values of variables m andcn for ¢txHdX from:70 t0 D04 (1200l i 240
Table 9-19 — Values of variables m and n for ctxldX from 105 t0 165 ..........ceierireiirnriiineiee s 241
Table 9-20 — Values of variables m and n for ctXldX from 166 t0 226 ............ccceeieiriieieniieineeesee s 242
Table 9-21 — Values of variables m and n for ctxldX from 227 t0 275 ..o 243
Table 9-22 — Values of variables m and n for ctXIdX from 277 10 337 .......ooviiiiiiiiie e 244
Table 9-23 — Values of variables m and n for ctxIdX from 338 10 398 ..o 245
Table 9-24 — Values of variables m and n for ctxldX from 402 t0 459 ..o s 246
Table 9-25 — Values of variables m and n for ctxldx from 460 t0 483 ...........ccoeiiiiriiier s 247
Table 9-26 — Values of variables m and n for ctXIdX from 484 10 571 .......ccoiiiiiiiiiiceeer e 248
Table 9-27 — Values of variables m and n for ctxIdX from 572 10 659 ..........cccoiiiiiiiiiinine e 250
Table 9-28 — Values of variables m and n for ctXIdX from 660 10 717 ........ccccviiiiriniirenre e 252
Table 9-29 — Values of variables m and n for ctXldX from 718 10 775 .......ccoveiirieiinniiiee s 253
Table 9-30 — Values of variables m and n for ctxldX from 776 t0 863 ..........cccirieirneieisee s 254
Table 9-31 — Values of variables m and n for ctxIdX from 864 10 951 ..ot 256
Table 9-32 — Values of variables m and n for ctxIdX from 952 10 1011 ......c.ccviiiiiiiiiiireeese e 258
Table 9-33 — Values of variables m and n for ctxldx from 1012 t0 1023 .........ccooiiiiiiiininiereee e 259
Table 9-34 — Syntax elements and associated types of binarization, maxBinldxCtx, and ctxldxOffset..........c.cccevvvennnne 261
Table 9-35 — Bin string of the unary binarization (iNfOrMAtiVE) ...........ccieiiieiieiiic e 264

© ISO/IEC 2014 — All rights reserved Xi



ISO/IEC 14496-10:2014(E)

Table 9-36 — Binarization for macroblock types i 1 SHICES ......c.ceiiiiiiieiee s 266
Table 9-37 — Binarization for macroblock types in P, SP, and B SHCES .........cccoiiiiiiiiiiiiiiceese s 267
Table 9-38 — Binarization for sub-macroblock types in P, SP, and B SHCES..........ccccuriiiiiiiiiiiiiceces 268
Table 9-39 — Assignment of ctxldxInc to binldx for all ctxldxOffset 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 ctxldxBlockCatOffset to ctxBlockCat for syntax elements coded block flag,

significant_coeff_flag, last_significant_coeff flag, and coeff _abs level minusl.........cccccccooiiviiiviicieicvcienen, 271
Table 9-41 — Specification of ctxldxInc for specific values of ctxldxOffset and binldX..........cccccovevviiiiiiiiiiciiece, 280
Table 9-42 — Specification of ctxBlockCat for the different DIOCKS ...........cocoeiiiiiiii i 281
Table 9-43 — Mapping of scanning position to ctxldxInc for ctxBlockCat == 5,9, 0r 13.......cccoiiiiiiiiiiiiceee 282
Table 9-44 — Specification of rangeTabLPS depending on pStateldx and gCodIRangeldX..........ccccoevvvvreinineinennnn, 286
Table 9-45 — State transition tADIE ............ciiii s 287
TaDIE AL — LEVEI HIMIES. ...ttt bbb bbbt e et b bt et bkt nn b s 307
Table A-2 — Specification of cpbBrVclFactor and CphBINaIFACION..........cccceiiiiiiie i e 310
Table A-3 — Baseline and Constrained Baseline profile level limitS ... 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 IMItS .........ccoiiiiiii e 312
Table A-5 — Extended profile levelllimits /.5 .o bt b L e b it e i e 313
Table A-6 — Maximum frame rates (frames per/second),for some example, frame SiZeS.........ccovvvvvereiniineiiineisennns 314
Table A-7 — Maximum DPB size (frames) for some example frame SIZeS.........cccvvveiiiieiiicie i 317
Table D-1 — Interpretation Of PIC_SIUCT ..........oeenee e et e e e e i e ettt bbbt se e sbe e 357
Table D-2 — Mapping of ct_type to SOUrCe PiCtUIE)SCAN ¢4ud: 345 ixgsmrierse b A ira ke deh dbeesesrereesessersesessensesessessesessessessasessenes 358
Table D-3 — Definition of COUNtING tYPE VAIUES ......ccueieiieieeice ettt sb et re e e e nre e e 359
Table D-4 — scene_tranSitionN tYPE VAIUES .......ccviiviiiiiiieieceeieee st ste et e e s r ettt e s te e aeesa et et e sbe st e s tesneate e s enbeseesrenre e 367
LI o) L= o 4o (=T I o V7Y L= ST 375
Table D-6 — blending_MOUE_I0 VAIUES.........cuiiiiiieii ettt bttt sb e sb et e bt et e e e et e b b 376
Table D-7 — filter_NiNt_tYPe VAIUES ........oouiiiiiice bbb bbbt b bbb 383
Table D-8 — Definition of frame_packing_arrangement_tYPE.........ccviivireieiieeieiese e e e e sie sttt e e sre e e 386
Table D-9 — Definition of content_iNterpretation TYPE .....cviicie ittt e et sre s re e 387
Table E-1 — Meaning of sample aspect ratio INAICALON ..........ccueuriiiiie e e 399
Table E-2 — Meaning Of VIAE0_FOIMEL .........coiiriiiiiciie bbb 400
Table E-3 — COlOUF PIIMAITES ..ottt ettt b bbb bbbt b bt bbbt h bt b h bbb bbb b et b e s 401
Table E-4 — Transfer CRAraCeriStICS ........viviirireiree et 402
Table E-5 — MatriX COBTIICIENTS ..ottt bbbt 405
Table E-6 — Divisor for computation 0f Atfigon( N ) oo 408
Table F-1 — Organisations providing patent rights licensing NOLICES. ..o 413
Table G-1 — Name association to slice_type for NAL units with nal_unit_type equal to 20. .........ccccveviiveiviiereienesens 456
Table G-2 — Interpretation of adaptive_ref base pic_marking_mode_flag.........c.ccoceivviiviiiiiin i 465
Table G-3 — Memory management base control operation (memory_management_base_control_operation) values..... 466

Xii © ISO/IEC 2014 — All rights reserved



ISO/IEC 14496-10:2014(E)

Table G-4 — Allowed collective macroblock types for SHEE LYPE. ..ccvcivieiicieicie e 469
Table G-5 — Inferred macroblock type |_BL fOr EI SHICES. .....cviiiiiiiiiiiit e 469
Table G-6 — Scale values cS for transform coefficient IeVel SCaling..........ccccoiiiriiiiiiii e 534
Table G-7 — Macroblock type predictors MBTYPEILPIE ..........cooieiiiiie e nne s 552
Table G-8 — Sub-macroblock type predictors subMbTypelLPred[ mbPartldX J........cccoovvviiiiiinieiiene s 552
Table G-9 — 16-phase luma interpolation filter for resampling in Intra_Base prediction .............cccocoviiiiniiniiicncicnns 562
Table G-10 — Mapping of (nX, nY ) to coeffTOKENIAX aNd VICE VEISA......cc.civuiiiiiiiiiinieiese e 589
Table G-11 — Association of ctxldx and syntax elements for each slice type in the initialisation process ...........c..c.ce..... 593
Table G-12 — Values of variables m and n for ctxldx from 1024 t0 1026 .........ccccereerrreiireieernmeeesee s 593
Table G-13 — Values of variables m and n for ctxldx from 1027 t0 1030 ........ccoovreiririeienenee s 593
Table G-14 — Syntax elements and associated types of binarization, maxBinldxCtx, and ctxldxOffset.............cccceveeene 594
Table G-15 — Assignment of ctxldxInc to binldx for the ctxldxOffset values related to the syntax elements

base_mode_flag and residual_prediction_flag...........ociiiriiiiiii s 594
Table G-16 — Scalable Baseline profile eVl TIMItS.........coiiviiiiiiii e 603
Table G-17 — Specification of cpbBrVclFactor and cpbBrNaAIFACIOr .........ccccvevveiiiiiiie e 603
Table H-1 — modification_of pic_nums_idc operations for modification of reference picture lists..........ccccceeveiiniennns 662
Table H-2 — Association between camera parameter,variables\and syntax elementSi i /o e e 694

© ISO/IEC 2014 — All rights reserved Xiii



ISO/IEC 14496-10:2014(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, 1ISO 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 hypérmedia’/information, in collaboration with
ITUT.

This part of ISO/IEC 14496 is technically aligned with ITU-T Rec. H.264 but is not published as identical text.
This eighth edition cancels and replaces the -seventh-edition-(ISO/IEC 14496-10:2012), which has been
technically revised. It also! incorporates-“the"“Amendments’ ISO/IEC'14496-10:2012/Amd.1:2013 and
ISO/IEC 14496-10:2012/Amd.2:2013, and the Technical Corrigendum’ISO/IEC 14496-10:2012/Cor.1:2013.

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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— Part12:

— Part 13:

— Part 14:

— Part 15:

— Part 16:

— Partl17:

— Part 18:

— Part19:

— Part 20:

— Part 21:

— Part 22:

— Part 23:

— Part24

— Part 25:

— Part 26:

— Part 27:

Part 29:

Part 30:

ISO/IEC 14496-10:2014(E)

ISO base media file format

Intellectual Property Management and Protection (IPMP) extensions

MP4 file format

Carriage of network abstraction layer (NAL) unit structured video in ISO base media file format
Animation Framework eXtension (AFX)

Streaming text format

Font compression and streaming

Synthesized texture stream

Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format (SAF)
MPEG-J Graphics Framework eXtensions (GFX)

Open Font Format

Symbolic Music Representation

: Audio and systems interaction

3D Graphics Compression Model
Audio conformance

3D Graphics conformance

Part 28:Composite font representation

Web video coding

Timed text and other visual overlays in ISO base media file format

© ISO/IEC 2014 — All rights reserved XV



	ﬂÅ9Ó˛ŠA_æUÔkYØuñ?ìmÃÏ3oI�¶g¬ªáÛq¹¯−â&[WwJjisv:+9�bÝ^ÕŽ¼W9Ü�˙ŠÔ¿@5¬ˇwßÝð
ëF1ž áçÒIXKmqÓ<�-Í·j

