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ITU-T Recommendation H.264

Advanced video coding for generic audiovisual services

Summary

This Recommendation | International Standard represents an evolution of the existing video coding standards (H.261,
H.262, and H.263) and it 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.

The revision approved 2005-03 contained modifications of the video coding standard to add four new profiles, referred
to as the High, High 10, High 4:2:2, and High 4:4:4 profiles, to improve video quality capability and to extend the range
of applications addressed by the standard (for example, by including support for a greater range of picture sample
precision and higher-resolution chroma formats). Additionally, a definition of new types of supplemental data was
specified to further broaden the applicability of the video coding standard. Finally. a number of corrections to errors in
the published text were included.

Corrigendum 1 to ITU-T Rec. H.264 corrected and updated various minor aspects to bring the ITU-T version of the text
up to date relative to the April 2005 output status approved as a new edition of the corresponding jointly-developed and
technically-aligned text ISO/IEC 14496-10. It additionally fixed a number of minor errors and needs for clarification and
defined three previously-reserved sample aspect ratio indicators.

Amendment 1 "Support of additional colour spaces and removal of the High 4:4:4 Profile" contained alterations to
ITU-T Rec. H.264 | ISO/IEC 14496-10 Advanced Video Coding to specify the support of additional colour spaces and to
remove the definition of the High 4:4:4 Profile.
NOTE — ITU-T Rec. H.264 is a twin text with ISO/IEC 14496-10 and this amendment is published in two different documents in
the ISO/IEC series:
—  The removal of the High 4:4:4 profile is found in ISO/IEC 14496-10:2005/Cor.2.

—  The specification for support of additional colour space will be found in ISO/TEC 14496-10:2005/Amd.1.

Amendment 2 "New profiles for professional applications" contained extensions to ITU-T Rec. H.264 | ISO/IEC 14496-
10 Advanced Video Coding to specify the support of five additional 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).

Amendment 3 "Scalable video coding" contained extensions to ITU-T Rec. H.264 | ISO/IEC 14496-10 Advanced Video
Coding to specify a scalable video coding extension in three profiles (the Scalable Baseline, Scalable High, and Scalable
High Intra profiles).

The H.264 edition published in 2005-11 included the text approved 2005-03 and its Corrigendum 1 approved 2005-09.
H.264 (2005) Amd.2 (2007) was available only as pre-published text since it was superseded by H.264 Amd.3 (11/2007)
before its publication; further, H.264 Amd.3 was not published separately. This third edition integrates into the H.264
edition published in 2005-11 all changes approved in Amendments 1 (2006-06), 2 (2007-04) and 3 (2007-11).

Source

ITU-T Recommendation H.264 was approved on 22 November 2007 by ITU-T Study Group 16 (2005-2008) under the
ITU-T Recommendation A.8 procedure.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years.
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and TEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http:/www.itn.int/ITU-T/ipr/.

© ITU 2008

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.

i ITU-T Rec. H.264 (03/2005)



CONTENTS

Page
Foreword Xix
0 Introduction 1

0.1 PFOIOGUE ... eeeeeeaeeeee s eraee s e st s e s e seesanns s e anasesse et ansessessanenassssannanaseessnnsansensensrassasssssnsesanesnnsessenannsranennsnnns ]
0.2  Purpose..... 1
0.3  Applications....... o]
0.4  Publication and versions ofihzs specy‘z‘catzon A e S e e e S e e taan el

3

0.5  Profiles and levels... csazms -

0.6  Overview of the des:gn chamcfen.s'ﬂcs
0.6.1 B T T Tl T =SOSR
0.6.2 Coding of progressive and mterlaced video .« cnvsnarnnnam s rnrnn TR 3
0.6.3 Picture partitioning into macroblocks and smaller partitions..
0.6.4 Spatial redundancy TEAUCTION. ... ..ottt bt ee et ee et e e e essebe2eneeae e sbeennnneereanne

0.7 How [0 1eQd NS SPECIJICALION ....eoeveeceeeeeeseeneeasssseraeneresssesssssesassesassessssessasastessesesasssssssssssessssssassansessenssassesssesanes

Scope

Normative references
Definitions
Abbreviations 13

ok W N e

Conventions 13
5.1 AFItRINEIIC OPOIQIOTS c...eeeeeeeneeeeeeeeeer e sereraeaeasessiesenasnsesessnsssssessnnsnassesssnsassrssnnssnnsensensnnesassssessensasasnnssesanssassessnses 13
5.2 Logical operators......
5.3 Relational operators.
5.4  Bit-wise operators........
3.5 ASSISNINEHT ODETAIOLS .....coeeuveieeeeeenieeeeeeseaeeae e e aeaneassaesases s semmaanses s aaeanssesaeeaeesseesaaaemsaesneamnsaeneemnnsssessmanesnesannnan
5.6 Rangenotation...
5.7  Mathematical functmns
5.8  Variables, syntax eIemen.ts andrabfes SRS SRR | )
59 Textdescrgpfwn ofioglcaioperaﬁom OSSOSO 4
5.10 Processes ..

6  Source, coded, decoded and uutput data formats, scsmning processes, and neighbouring relationships........ 18
6.1  Bitstream formats....
6.2  Source, decoded, ana' om_’pur plcture formars
6.3 Spatial subdivision of pictures and slices ..
6.4  Inverse scanning processes and derwaﬂon processes for nezghbours
6.4.1 Inverse MACTODIOCK SCANMIIE PIOCESS ... ourruiiieieretieeeieeeeeeeeac e e eea e s e eeeteseeeeaease e eeeaseasseeeeaeeseenaeneesareen
642 Inverse macroblock partition and sub-macroblock partition scanning process..
6.4.2.1 Inverse macroblock partition SCANNING PrOCESS ... ..ocioviiiieiriieeeee et eeeeeceneeeeee e e eeae e eeeeeseneeneneereane
6.4.2.2 Inverse sub-macroblock partition scanning process

6.4.3 Inverse 4x4 luma block SCANNING PrOCESS ......oveveeiiiicriri e e
6.4.4 Inverse 4x4 Cb or Cr block scanning process for ChromaArrayType equal to 3 . .
6.4.5 Inverse 8x8 luma block scanming process........ccovevivverresereeeseseersressesee e .27
6.4.6 Inverse 8x8 Cb or Cr block scanning process for ChromaArrayType equal to 3 .....oooeeeevieeeeeec v 28
6.4.7 Derivation process of the availability for macroblock addresses..........coouevrivievereeccerreieeeee s 28
6.4.8 Derivation process for neighbouring macroblock addresses and their availability............cccoceverviceennnnn 28
6.4.9 Derivation process for neighbouring macroblock addresses and their availability in MBAFF frames .... 29
6.4.10  Derivation processes for neighbouring macroblocks, blocks, and partitions ..............ceevvvreeeererereerenrannas 29
6.4.10.1 Derivation process for neighbouring macroblocks -
6.4.10.2 Derivation process for neighbouring 8x8 Tuma block ... 30
6.4.10.3 Derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equalto 3 .............. 31
6.4.10.4 Derivation process for neighbouring 4x4 luma blocks............coeviiiiiiiiiiiieseec e .31
6.4.10.5 Derivation process for neighbouring 4x4 chroma blocks........cccoooiiiiiiiiiiinecee, .32
6.4.10.6 Derivation process for neighbouring 4x4 chroma blocks for ChromaArrayType equal to 3 .. .
6.4.10.7 Derivation process for neighbouring Partitions...........c.ocveereierereereeseeeeiresere e e reee e esessesesesasseans
6.4.11  Derivation process for neighbouring loCAtIONS ..........oveerieiieieeeerierere e s e s eraenersereen

6.4.11.1 Specification for neighbouring locations in fields and non-MBAFF frames ..
6.4.11.2  Specification for neighbouring locations in MBAFF frames

7  Syntax and semantics 37
7.1 Method of specifying syntax in tabular form ... . eeeeteemeneaseemeenteseeaseseenesseaneesaennansensaennennenaanes 3T
7.2 Specification of syntax functions, categories, and descrgutors SO U PO RUUU USSR UUUURTUPUPURUURTI: . 1

ITU-T Rec. H.264 (11/2007) 11



e
731 L B 1 Ty 11 b L s
732 Raw byte sequence payloads and RBSP trailing bits syntax...

7327 “Sequenceparameter SEtRBSP SRR - .ooovwotsisromsaremsemmam s ooy s faat S i DS S E e SRR AT
7.3.2.1.1 Sequence parameter set data SYIAX ...t
7.3.2.1.1.1 Scaling list SYNtax .......ccocervemeereenriescneeseeens
7.3.2.1.2 Sequence parameter set extension RBSP syntax...
7.3.2.2 Picture parameter set RBSP syntax...........ccccveeerrvevennene 2
7.3.2.3 Supplemental enhancement information RBSP SYIAX......cc..eierererierenneesimerasresseseesessassssassessesesssreans
7.3.2.3.1 Supplemental enhancement information MeSsSAZE SYNLAK ....coeveeerererriereranresrereesersesreesseseesasaeseases 43
7.3.2.4  Access unit delimiter RBSP syntax .
7325 Endofsequence RSP oyt s s Y e A T I

7.3.2.6 End of stream RBSP syntax
7.3.2.7 Filler data RBSP syntax -
7.3.2.8  Slice layer without partitioning RBSP SYITAX.......cccririiiiiiniiiciees st et srae s 44
7.3.2.9  Slice data partition RBSP SYIAK .......ociiiiiiiiiiiiii ettt es s saeee e st s et e s s ennent e en
7.3.2.9.1 Slice data partition A RBSP syntax...
7.3.2.9.2 Slice data partition B RBSP syntax...
7.3.2.9.3 Slice data partition C RBSP syntax...

7.3.2.10 RBSP slice trailinig DIts SYITAK ... .ovuereeeiereeresseeenseressasaasessesesesssessassessesessssessessessesessansesensessmasasseans
7.3.2.11  RBSP trailing Dits SYIAK .......cccerrveeeeeresserannestesersesseseesaaesseesesanssesesssssnssssassesessessmnessssssnsssnssessmasasssan
733 Slice header syntax .
7.3.3.1 Reference picture list reordering SYNEAK ..ot
7.3.3.2 Prediction weight table SYITAK ... et

7.3.3.3 Decoded reference picture marking syntax..
734 B T ey 2SSO
735 MACTODIOCK JAYET STIMAK .....ecviitiieieite ettt ettt es e e ae e e e s e e e s e e s aerae e e meeee s e esaernnreene
7.3.5.1 Macroblock prediction syntax........
7.3.5.2  Sub-macroblock prediction syntax.
7.3.5.3 Residual data syntax .........cc...ceee. .
7.3.5.3.1  Residual Tuma SYIAK .......coieeiiiorereeeiscreee e reseree s esassasse e ssesassesasnasesessssansessesssassssnsesessssenasassssses
7.3.5.3.2 Residual block CAVLC SYIAK ..veoveveivireeereererereeeesansassesssssrassessssssssassssansesssssmassssnsesessssseaseessssen
7.3.5.3.3 Residual block CABAC syntax... .
7.4 SEIMAITICS ... e et c e e e e e e e e e aeesan e e ssaeamns ssecammesaeesameaansesamamnsssssesneesssemnsnsessanennennneanns
7.4.1 INATL UL SEITIATITICS ©-..c.eeeeeceeett et eae e eeeeae et e sam e e et ee e e 2 a2 em et e e emmeaesees£eeeaees2em2eeem e e e namanencrcemeeeessenaennsereen
7.4.1.1 Encapsulation of an SODB within an RBSP (informative)

7.4.1.2 Order of NAL units and association to coded pictures, access units, and video sequences.................. 61
7.4.1.2.1 Order of sequence and picture parameter set RBSPs and their activation..........c.ccccoveeviiencnnene. 61
7.4.1.2.2 Order of access units and association to coded video sequences ............... .62
7.4.1.2.3 Order of NAL units and coded pictures and association to access units. .63
7.4.1.2.4 Detection of the first VCL NAL unit of a primary coded picture........ .65
7.4.1.2.5 Order of VCL NAL units and association to coded PICIUIeS.........coerervevereervrieeenessessereneeeresenaesanres 65

742 Raw byte sequence payloads and RBSP trailing bits SemMAantics ......cccveveveeerrirersereeeseesersersssesseseessessnses 66

7.4.2.1 Sequence parameter set RBSP semantics .

7.42.1.1 Sequence parameter set data SEMANTICS .....o..ooeiiiriii it 66
7421.1.1  Scaling list SEMANTICS ...cvi.iieiieee e eee e e ee e eeceeem e e eaeasenee e e eee s s aenneeeneen 72
7.4.2.1.2 Sequence parameter set extension RBSP semantics . .72

7.4.2.2 Picture parameter set RBSP semantics ........cccooeeerecnenne .74
7.4.2.3 Supplemental enhancement information RBSP semantics ........ W77
7.4.2.3.1 Supplemental enhancement information message SEIANTICS ......uoveeeervrvereeresrererserrenrerenseseesaraeraeres 77
7.4.2.4  Access unit delimiter RBSP SEIMAINTICS .....o.veeueuiriairieeiescreee st cresesesasee s s seees e ssse s ssenen e senennsasens 77
7.4.2.5 End of sequence RBSP semantics .
7.4.2.6 End of stream RBSP SEIMAIIHICS . ..c.ue.o.veiaeererieueuesereaseseeaseserese s sereresscaseesssssssssses st ssessasssesessnensesenssnssasens
7.4.2.7  Filler data RBSP SEIMAITICS .......ccceerieeaaeteeeeaeteseaesseecasesese st s ereseses s assensssesseass st sessnsssesssenensesenssnssasens
7428 Slice layer without partitioning RBSP semantics .. -
7429  Slice data partition RBSP SEMAITICS ....cr.eoiioeeeet it eanee e e eeeae e emeeee e e eneeaseeane

7.429.1 Slice data partition A RBSP SemAantics ..........cooooii oot
7.4.29.2 Slice data partition B RBSP semantics..
7.4.29.3 Slice data partition C RBSP semantics..
7.4.2.10 RBSP slice trailing bits semantics.............. .
7.4.2.11 RBSP trailing Dits SEIMAIIICS ....ccveiveaeerriereraeresieeensersessssasseseesenessesesseseessrsesassessessessssessensesensessmasassean
7.4.3 S1ice NEAdET SEIMIAITICS ... eueeeeeeii ettt re et es et es e e ee s e eeeeea b eaese e eee e ebes £ s et es et b e eae s et eaeenn e esnenen e en
7.4.3.1 Reference picture list reordering SEMANTICS ...ov..ioerererrereereseireree e easeesteresanre e e sseseesessaneesnssessenasasseans

v ITU-T Rec. H.264 (03/2005)



7.4.3.2 Prediction weight table SEMANTICS ... ..cveer.ioierueresiirereereeseaeen e eraeae e eseenessesasse s e aesesessaneesensesannasasseans 86

7.4.3.3 Decoded reference picture marking SEMANTICS. .......oorrutiirieie e eeeee e ee e ereeaneeane 86
7.44 Slice data semantics -
745 Macroblock Jayer SemMANTICS ... e ne 90

7.4.5.1 Macroblock prediction SEMANTICS ........oooiiiiiiii et en 97

7.4.5.2  Sub-macroblock prediction SEIMAIIEICS .........coerueiiriiriee e et e s et et sseeee e e saeeae e s et aeseessenaeneaneen 97

7.4.5.3 Residual data semantics.............ccccn...
7.4.5.3.1 Residual luma data semantics ........
7.4.5.3.2 Residual block CAVLC SeMANTICS. .......coieeiiirieieeiteertetaeseestcesesaeeseeseesssessesaessesseseseeseassssssssesaessens

7.4.5.3.3 Residual block CABAC semantics

8  Decoding process
8.1 NAL unit deCOAING PIOCESS .......coveceoe ettt et eae e et e e e e e e meae st se 2t eae e et e ae s e semeem s e e s easmeeananen
8.2  Slice decoding process..............

821 Decoding process for picture order COMNE ... ..ot
8.2.1.1 Decoding process for picture order count t¥ype 0 ...

8.2.1.2 Decoding process for picture order count type 1 ...
8.2.1.3 Decoding process for picture order count type 2 ...
822 Decoding process for macroblock to slice group map ..
8.2.2.1 Specification for interleaved slice ZrOUP MAP TYPE..ovviiiereeeeieereeeeaereres s eraene e serae e esasee e esanneens
8.2.2.2 Specification for dispersed slice SrOUP MAP TFPC....verevirierereerieerereeisrenes e erasne e seraereesaesaneeseesenansenns

8.2.2.3 Specification for foreground with left-over slice group map type
8.2.2.4 Specification for box-out slice Sroup MAP TFPES.....coruiir et eaeee e
8225 Specification for raster scan slice group map t¥Pes ...o..oveor i
8.2.2.6 Specification for wipe slice group map types
8.2.2.7 Specification for explicit slice group map tyPe. ..o
8.2.2.8 Specification for conversion of map unit to slice group map to macroblock to slice group map ....... 111
823 Decoding process for slice data partilomIng ............coereriiieireir it eeas e
824 Decoding process for reference picture lists construction....
8.2.4.1 Decoding process for picture numbers..........ccccveveeeenen. .
8.2.4.2 Initialisation process for reference picture HStS......coieevrvereeeeiiiereeerasrees e se e eesasee e eanee e
8.2.4.2.1 Initialisation process for the reference picture list for P and SP slices in frames........c.cc..cceenene.
8.2.42.2 Initialisation process for the reference picture list for P and SP slices in fields...
8.2.42.3 [Initialisation process for reference picture lists for B slices in frames.............ccoooo i
82424 Initialisation process for reference picture lists for B slices in fields..............ccooiiiiins
82425 Initialisation process for reference picture lists in fields..................
8.2.4.3 Reordering process for reference picture lists.........ccccneee.

8.2.43.1 Reordering process of reference picture lists for short-term reference pictures
8.2.4.3.2 Reordering process of reference picture lists for long-term reference pictures....
8.2.5 Decoded reference picture marking process .......cccoveeeeesieierereeressereeressanns
8.2.5.1 Sequence of operations for decoded reference picture marking process.
8.2.5.2 Decoding process for gaps in frame NUIMNL.....cco.ooveerriirieeeees e se e aesasee e aanneaes
8.2.5.3 Sliding window decoded reference picture marking procCess.....c.cccviueeeerirernesesersereeseseseesesaraeenns
8.2.5.4 Adaptive memory control decoded reference picture marking process .
8.2.5.41 Marking process of a short-term reference picture as “unused for reference™ ...
8.2.542 Marking process of a long-term reference picture as “‘unused for reference™..........................
8.2.543 Assignment process of a LongTermFrameldx to a short-term reference picture .
8.2.54.4 Decoding process for MaxLongTermFrameldx.........ccoccooirieiiiiiinniiiii e
8.254.4.1 Marking process of all reference pictures as “unused for reference™ and setting
MaxLongTermFrameldx to “no long-term frame indices™.......ocoeriioeriereeiesennie e caere e
8.2.5.4.5 Process for assigning a long-term frame index to the current picture .
8.3 Intra prediction process................

8.3.1 Intra_4x4 prediction process for Iuma SAMPIES .........ccverieiereerercceree e sae s esanne e
8.3.1.1 Derivation process for the Intradx4PredMode ... ......ccooioioiiiiie e
8.3.1.2 Intra 4x4 sample prediction

8.3.1.2.1 Specification of Intra_4x4 Vertical prediction mode ..o
8.3.1.2.2 Specification of Intra_4x4 Horizontal prediction mode ..o
8.3.1.2.3 Specification of Intra 4x4 DC prediction mode .......ccccoovvveruiiunnne

8.3.1.2.4 Specification of Intra 4x4 Diagonal Down Left prediction mode....
8.3.1.2.5 Specification of Intra_4x4 Diagonal Down_Right prediction mode.

8.3.1.2.6 Specification of Intra_4x4 Vertical Right prediction mode .........ccccoevveeeiiecnercesnee s
8.3.1.2.7 Specification of Intra_4x4 Horizontal Down prediction mMOde ...........ccevueverreverericesnnessisesannens
8.3.1.2.8 Specification of Intra_4x4 Vertical Left prediction mode
8.3.1.2.9 Specification of Intra_4x4 Horizontal Up prediction MOde ........ccoceieiereeriireserericseseaneesseraeneas
ITU-T Rec. H.264 (11/2007) v



Vi

832 Intra 8x8 prediction process for luma SampIEs . ..o e aaneeas 129
8321 ’Derivation process.for Inra8x8PredMode o e R s e T 129
8.3.2.2 Intra 8x8 sample prediction

8.3.22.1 Reference sample filtering process for Intra 8x8 sample prediction ..............cooooiiiiiiiiiinn. 132
8.3.222 Specification of Intra 8x8 Vertical prediction mode ... 133

833

8.3.3.1 Sp_eciﬁcation of Intra 16x16 Vertical prediction mode

8.3.2.2.3 Specification of Intra_8x8 Horizontal prediction mode.
8.3.2.2.4 Specification of Intra_8x8 DC prediction mode .........
8.3.2.2.5 Specification of Intra_8x8 Diagonal Down_Left prediction mode....

8.3.2.2.6 Specification of Intra_8x8 Diagonal Down_Right prediction mode............ccccvverrevveanerrircernnnns 134

8.3.2.2.7 Specification of Intra_8x8 Vertical Right prediction mode ........cccccovevveeeiieinericesnee e
8.3.2.2.8 Specification of Intra_8x8 Horizontal Down prediction mode ...
8.3.2.2.9 Specification of Intra_8x8 Vertical Left prediction mode............cccooiiiiiiiiiniicce e
8.3.22.10 Specification of Intra_8x8 Horizontal Up prediction mode ...

Intra_16x16 prediction process for luma samples.............................

8.3.3.2  Specification of Intra 16x16 Horizontal prediction mode.........coooviiiriiiiiinieneiiierce e

8.3.3.3 Specification of Intra_16x16 DC prediction mode.............
8.3.3.4 Specification of Intra_16x16_Plane prediction mode..
834 Intra prediction process for chroma samples ...................

8.3.4.1 Specification of Intra_Chroma DC prediction MOdE ......ccccvvvicereeeriaereesieranee e sere e seesases e seranre s
8.3.42 Specification of Intra_Chroma Horizontal prediction mMode.........ccceeveeeieierenneseseriereecesasee e

8.3.4.3 Specification of Intra_Chroma Vertical prediction mode

8.3.44 Specification of Intra_Chroma_ Plane prediction mode .............cocooiiiiiiiiiie e
8.3.45 Intra prediction for chroma samples with ChromaArrayType equal to 3 ..o 142

835

8.4  Inter prediction process................

Sample construction process for I PCM macroblocks

8.4.1 Derivation process for motion vector components and reference Indices.........covevricnneiiiesannsiieeeee. 146
8.4.1.1 Derivation process for luma motion vectors for skipped macroblocks in P and SP slices........... . 147
8.4.1.2 Derivation process for luma motion vectors for B_Skip, B Direct 16x16, and B Direct 8x8......... 147

8.4.1.2.1 Derivation process for the co-located 4x4 sub-macroblock partitions .............cceeevveeeeaeerrvviereenns 148

8.4.1.2.2 Derivation process for spatial direct luma motion vector and reference index prediction mode . 151

8.4.1.2.3 Derivation process for temporal direct luma motion vector and reference index prediction mode
152

8.4.1.3 Derivation process for luma motion vector prediction. .............cveiiereeri e

8.4.1.3.1 Derivation process for median luma motion vector prediction ............occoiiiiinii e
8.4.1.3.2 Derivation process for motion data of neighbouring partitions.....

8.4.1.4 Dervation process for chroma motion VECtOrS ........cocooo oot
842 Decoding process for Inter prediction SAIMIPIES ..........cociiiiiirerii it

8.4.2.1 Reference picture selection process.............
8.4.2.2 Fractional sample interpolation process...
8.4.2.2.1 Luma sample interpolation process...
8.4.2.2.2 Chroma sample interpolation process

8.4.2.3 Weighted sample Prediction PrOCESS. .o i ererrereeereestrrereesesseserassersassesessesseransessenensssssssmsansessesasansess

8.4.23.1 Default weighted sample prediction process...

84232 Weighted sample prediction ProCeSS. ... ..oooi i it et ee et eeeeaee e ameaee s

843 Derivation process for prediction Weights ... ... ..o e
8.5  Transform coefficient decoding process and picture construction process prior to deblocking filter process. 169
169

8.5.1 Specification of transform decoding process for 4x4 luma residual blocks.......cocoiivniiiiininniiiie
852 Specification of transform decoding process for luma samples of Intra_16x16 macroblock prediction

mode 170

853 Specification of transform decoding process for 8x8 luma residual blocks.......coeovveerveeicveseccreeene,
854 Specification of transform decoding process for chroma samples.........ccocvveereerceecerees e
855 Specification of transform decoding process for chroma samples with ChromaArrayType equal to 3 ..
8.5.6 Inverse scanning process for transform coefficients ..........coeeii e e

857 Inverse scanning process for 8x8 transform coefficients

858 Derivation process for the chroma quantisation parameters and scaling function.............ccooovieenn.
859 Scaling and transformation process for DC transform coefficients for Intra 16x16 macroblock type...
8.5.10  Scaling and transformation process for chroma DC transform coefficients ........cccoceviiiiiiniiiinnnn

8.5.10.1 Transformation process for chroma DC transform coefficients
8.5.10.2 Scaling process for chroma DC transform coefficients...............

8.5.11  Scaling and transformation process for residual 4x4 BIOCKS ........ovveereeiieeeei e
8.5.11.1 Scaling process for residual 4x4 BIOCKS ......ccoviiioirriiieeeeeee et asrae e se e era e
8.5.11.2 Transformation process for residual 4X4 BIOCKS ......ccoveveeeiiccreeciiesreses et sa e

ITU-T Rec. H.264 (03/2005)




8.5.12  Scaling and transformation process for residual 88 BIOCKS .........ccvvereeiieeeesi e 183

8:5:42:I Scalingprocessfor residual Bx8blocks i csersnnmmnnnrnmsrerrn s ms s
8.5.12.2 Transformation process for residual 8x8 blocks
8.5.13  Picture construction process prior to deblocking filter process ............oooooiiiiiii i 187
8.5.14  Intra residual transform-bypass decoding Process ...........oooooiiiiiiiii e 188
8.6  Decoding process for P macroblocks in SP slices or SImacroblOCks ............cocceciviiieniiiceeeeeeeeieeen 189
8.6.1 SP decoding process for non-switching pictures ...........cccoeeeeee. ... 189
8.6.1.1 Luma transform coefficient decoding process... ... 189
8.6.1.2 Chroma transform coefficient decoding ProCess.......cccvvreeeeeeririerenreriaserereseerese e serae e e sene e asseranneees 190
8.6.2 SP and SI slice decoding process for SWitching PICTUIES ....ceevevviverieeeiesrereree e e sese e esasnase e eeaeanes 192
8.6.2.1 Luma transform coefficient decoding process
8.6.2.2 Chroma transform coefficient decodjng P S B R R R A 192
8.7  Deblocking filter process....
871 Filtering process for block edges
8.7.2 Filtering process for a set of samples across a horizontal or vertical block edge........cccociiininiiinnnne. 199
8.7.2.1 Dernvation process for the luma content dependent boundary filtering strength ......ccoocooviiiiiien. 200
8.7.2.2 Derivation process for the thresholds for each block edge .......covevvveccrevinne.

8.7.2.3  Filtering process for edges with bS less than 4...................

8.7.2.4 Filtering process for edges for bS equal f0 ... s

9  Parsing process
9.1  Parsing process for Exp-Golomb codes...
9.1.1 Mapping process for signed Exp- Golomb codes ....................................................................................
9.12 Mapping process for coded block patternn ... e

9.2 CAVLC parsing process for transform coefficient levels...
921 Parsing process for total number of transform coefﬁctent le\ els and trallmg OLES .. 210
922 Parsing process for level information
9.2.2.1 Parsing process for level prefix.....
923 Parsing process for run information...

924 Combining level and run information
9.3 CABAC parsing process fOr SHCE AALA .........ooeeeeeeeeeeeeeeeeieeeaese s esenseesseeass e sesssas e e ssnnssssanesssnsssesassssasanas

9.3.1 TNEtIAlISATION PIOCESS 1uvevrvereresrreraerersesaanerseesesaneesseseaereessesaasessessaanranssssasnasrsessesansessensrasssssessanenssesemansenss
9.3.1.1 Initialisation process for context variables .
9.3.1.2 Initialisation process for the arithmetic decoding engine...........cccocoviriiiiie e 242

932 BINATIZAtION PIOCESS ...ttt eieteetteeeae et e et e etaem et et rees e eaeem et es e eaemaes s s 2t eatea 2 s eeeen e e e ameas e eseemen e s enceanneene 242
9.3.2.1 Unary (U) binarization process ............c....... ....245

9.3.2.2 Trmncated unary (TU) binarization process .

9.3.2.3 Concatenated unary/ k-th order Exp-Golomb (UEGKk) binarization process . ... 246
9.3.2.4 Fixed-length (FL) binarization ProCess........cueeeererreereeseeensereesessansans .. 247
9.3.2.5 Binarization process for macroblock type and sub-macroblock type .. ..247
9.3.2.6 Binarization process for coded block patter........cccovveeeecervrrreennnnan ... 250
9.3.2.7 Binarization process for mb qp delta .........cccoiircerriineeee e e 250
933 Decoding ProCess TlOW . .o it rae et asa e e aen et ne e a e sane et eneanneene
9.3.3.1 Derivation process for ctxIdx
9.3.3.1.1 Assignment process of ctxIdxInc using neighbouring syntax elements.............ccoooiniiiecnnnn. 253
9.3.3.1.1.1 Derivation process of ctxIdxInc for the syntax element mb skip flag.............................. 253
9.3.3.1.1.2 Derivation process of ctxIdxInc for the syntax element mb field decoding flag.. ....253
9.3.3.1.1.3 Derivation process of ctxIdxInc for the syntax element mb_type..........c.cceeeviienns ....254
9.3.3.1.1.4 Derivation process of ctxIdxInc for the syntax element coded_block pattern. ..254
9.3.3.1.1.5 Derivation process of ctxIdxInc for the syntax element mb_qp delta.................... . 255
9.3.3.1.1.6 Derivation process of ctxIdxInc for the syntax elements ref idx 10 and ref idx 11...
9.3.3.1.1.7 Derivation process of ctxIdxInc for the syntax elements mvd 10 and mvd 11 .......
9.3.3.1.1.8 Derivation process of ctxIdxInc for the syntax element intra_chroma pred_mode
9.3.3.1.1.9 Derivation process of ctxIdxInc for the syntax element coded block flag ..........................
9.3.3.1.1.10 Derivation process of ctxIdxInc for the syntax element transform size 8x8 flag............
9.33.1.2 Assignment process of ctxIdxInc using prior decoded bin values ...,
9.3.3.1.3 Assignment process of ctxIdxInc for syntax elements significant coeff flag,
last significant coeff flag, and coeff abs level mumusl ........ocoooiiiiiiiiii i 261
9.3.3.2  Arithmetic decoding process.......cccoveeeeeerrienneens ..264
9.3.3.2.1 Arithmetic decoding process for a binary decision ... ... 265
9.3.3.2.1.1  State tranSIOIL PIOCESS . c.vrv rrererresreraereseereeereeseesaasaseesssasrassessassrssssessasansessessmssssssessesssseesesassees 266
9.3.3.2.2 Renormalization process in the arithmetic decoding engine.........cceveieverereresereesesseses e serane 268
9.3.3.2.3 Bypass decoding process for binary decisions
9.3.3.2.4 Decoding process for binary decisions before termination ............ccevoveveeesceesereesseneneesesnseenes 269

ITU-T Rec. H.264 (11/2007) vii



934 Arithmeticiencoding process (informative) s e e s e 270
9.3.4.1 Initialisation process for the arithmetic encoding engine (informative) ..............coocoiiiiiiinnieen 270
9.3.42 Encoding process for a binary decision (informative)
9.3.43 Renormalization process in the arithmetic encoding engine (informative)...............o...coooii . 271
9.3.44 Bypass encoding process for binary decisions (informative)..............oocooiiiiiiiiiii 243
9.3.4.5 Encoding process for a binary decision before termination (informative). ..273
9.3.4.6 Byte stuffing process (Informative) ........c..coooeiiiiiniiiicee e ..274

Annex A Profiles and levels
A.I  Reguirements on video decoder capability
A.2  Profiles.... -

A21 Baselme ploﬁ]e .......................................................................................................................................
A7 MANPIORIE e s o e N S O Y
A23  Extended profile
AZ24  High Profile. ..o ettt e n e e ene e
A25 High 10 profile

A26  High4:2:2 profile..................
A27  High4:4:4 Predictive profile ...
A28  High 10 Intra profile..............

A29  High4:2:2 Intra profile
A210 High 4:4:4 TN PrOfILe ..ooioeee ettt n e st e e e e ann et s e eranaesaennne e sennanre s
A211 CAVLC 4:4:4 Intra proﬁle.
A3l Le\ el ]muts common to the Basehne Mam and Extended proﬁles ....................................................... 281
A32  Level limits common to the 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
A33 Profile-specific level 1Imits ...
A.3.3.1 Baseline profile level limits
A3.3.2 Mam, 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 LS .........oceeviiicereeierieeerieresierene e esene s esanne e 286
A333 Extended Profile level LTS ..o ettt enen s 287

A34  Effect of level limits on frame rate (InfOrmative) .......ccoceoveieeeeieieiereeec e re e sasnasne e 288
Annex B Byte stream format 291

B.I  Bytestream NAL unit Syntax and SEMANTICS ............ccwocoeeeeeeeeeeeeeeeeeeseeeeeeeseeeees e seenasaseaseeeeneessemeenssessenasnseasenes 290
B.1.1 Byte stream NAL unit syntax
B.1.2 Byte stream NAL unit semantics

B.2  Byte stream NAL unit decoding process ... e eeteaeeeeeaeeeeeaneaseatsateseessesaee e tennnenseseeetensnensennennssesanensernnanns 290

B.3  Decoder byte-alignment recovery (mformanve) ehteaeeseeatesteemeebesbeeasseaseaseaeenbeaseeanentessesaeensenseannntessaennersesnnes 292

Annex C Hypothetical reference decoder 293
C.1  Operation of coded picture BUITEF (CPB) .....ceou.ooeeeeeeeeesenseseassasessesesssssasnsssssassesssnssasssssessassasasssssssassssasssesns S99
C.l1l.1 Timing Of DItSramm AITIVAL ..........veoeerericeereies e ee e sn e erasse s e seesess s eanneseesenaerse e esanennsesananrenses
C.1.2 Timing of coded picture removal

C.2  Operation of the decodedpzcmre buffer (DPB).... e SRS £ 4
c21 Decoding of gaps in frame num and storage of "non-emstmg frames .................................................. 297
Cc22 Picture decoding and output

c23 Removal of pictures from the DPB before possible insertion of the current picture ............................. 298
c24 Current decoded picture marking and SEOTAZE ..........couiiiiiireii e e
C.2.4.1 Marking and storage of a reference decoded picture into the DPB.
C.2.4.2 Storage of a non-reference picture into the DPB...
C.3  Bitstream conformance.... S
C.4  Decoder conformance............
c4.1 Operation of the outpu‘r or del DPB .........................................................................................................
c4.2 Decoding of gaps in frame num and storage of "non-existing" pictures.
Cc43 Picture deCOIng ..ot en e et ee e see e en e eann e
C4.4  Removal of pictures from the DPB before possible insertion of the current picture ... 302
C4.5 Current decoded picture marking and StOTAZE .......c.eocerviiiiiieneiiieree e ....302
C.4.5.1 Storage and marking of a reference decoded picture into the DPB.....

C.4.5.2 Storage and marking of a non-reference decoded picture into the DPB. ....303
C.4.5.3  "BUIIPINE" PIOCESS 1ueveuveraereieseesesereesaaesstrsassersessssessessesansessssssasansessaasessssessersnnessessssssssssesasssssesaransess 303
Annex D Supplemental enhancement information 305
D.1  SEI payload syntax ... . RSOSSN USRS 1/
D.1.1 Buffering penod SEI message syntax ..................................................................................................... 307
D12 Picture timing SET MESSAZE STITAK .......ceoreuretieeenteeeeeraese e eameaseseaaeeassseseesrse sz seeeaneeseaseaseseeeeseasesseseeaseens 307
wiii ITU-T Rec. H.264 (03/2005)

10



D.1.3
D14
| B (K]
D.16
D.1.7
D.1.8
D.1.9
D.1.10
D.1.11
D.1.12
D.1.13
D.1.14
D-15
D.1.16
D.1.17
D.1.18
D.1.19
D.1.20
D.1.21
D.1.22
D.1.23
D.1.24
D.1.25

D.2  SEI payload semantics ..

Pan=scanTeciangle SEI mIessa pe By AN i
Filler payload SEL e ssa e, SyTIRAK: = ot s e e e T B T S P S G R
User data registered by ITU-T Rec. T.35 SEI message syntax..
Userdatatinregisterod. SETTNCESATE BVIRAK ... couovvresessasooms sumseasss ssussms fosess oy s5s 54 G553 S5 sa bEas s o im0 s 5395
Recovery point SET message SYITAK ........oooiiiii e et ee e eae e e s eeea s
Decoded reference picture marking repetition SEI message syntax .
Spare picture SEI message SYIEaX .........ccooevvirerecrieinenreeseeseseeannas ....310
Scene information SEI message syntax ...........
Sub-sequence information SEI MeSSAZE SYIAK . ........ceeerrverrreeresrerannessessssersssseransesessessersessesassnssesesssrasses 311
Sub-sequence layer characteristics SEI MESSAZE SYIAK.....ccecverrveruereienrrererseraneeseesensersessessssnssesamsnsesses 311
Sub-sequence characteristics SEI message syntax
Full-frame freeze: SEL e e Syt a0 s e e e S
Full-frame freeze release SEL Messame SYIEAR . o .. oo e ee st e e eimens s e e e e emeeeemet s amemeemenneas
Full-frame snapshot SEI message syntax
Progressive refinement segment start SEI message SYIEax..........ocoveeveiiiiriinncsiines it 312
Progressive refinement segment end SEI message SYItax...........ocveviiiiriinnicsiines et 312
Motion-constrained slice group set SEI message syntax .....
Film grain characteristics SEI message syntax ................
Deblocking filter display preference SEI message syntax...
Stereo video information SEI MeSSAZE SYIIAK ...evvivvierererrirreeeresseransersassesessssseransesseresssrssssesassnssessmssrasses
Post-filter hint SEL MESSAZE SYILAK ......veerruerereereneerieserseseesaasassesesssrassessasssssssesserasessessesessesessasssssesesassenss
Tone mapping information SEI message syntax. .
Reserved SEI message syn‘rax .................................................................................................................

D21 Buffering period SEI message semantlcs
D22 Picture timing SEI mMeSSage SEIMANTICS . ...ooootitiiuieetiieecriee et eres e seee et e ssaac e e eeaene e eace e eesaeeeseeseeanneees
D23 Pan-scan rectangle SE] message SEIMANTICS ......ooeviiiiririiiiiriae e eee et ese e es e e se e seessans e aera s
D.2.4  Filler payload SEI message SEmMANICS .....cvevvviveerereerenrerseneesannans
D.2.5  User data registered by ITU-T Ree. T.35 SEI message semantics. .
D.2.6  User data unregistered SEI message Semantics ..........ccveerveruenans ...321
D.2.7  Recovery point SEI mMeSSAZE SEINAIICS ..euverrvireerereererererseesanseseeressmressessaassssesessssansessessssssessssansessesesassens 321
D.2.8  Decoded reference picture marking repetition SEI message SEmMANtCS . uovvueereveresrerresereereeessaneesiseransens 323
D.29  Spare picture SEI message semantics .
D.2.10  Scene information SEI MEeSSAZE SEMATTICS ......c.eoeruerreoireeiieneeeneeeecreeeeesesmet et easaes e et eaeeeaseseane e ameasseas
D.2.11 Sub-sequence information SEI mMesSSage SEMANTICS ....ocoueivivereiiriecreeeeecee e se e ree e seeeese e eeeneaneea
D.2.12 Sub-sequence layer characteristics SEI message semantics.
D.2.13  Sub-sequence characteristics SEI message Semantics ..........coooooioieieii e
D.2.14 Full-frame freeze SEI mMeSSAZE SEIMAIITICS. ..o..vivvereiieeieeieeeeesie et seee s sreees e e ssasee s saenae e s e s aste s eennssesses
D.2.15 Full-frame freeze release SEI message semantics..
D.2.16 Full-frame snapshot SEI message semantics ............coceeerren
D.2.17 Progressive refinement segment start SEI message semantics .. .
D.2.18 Progressive refinement segment end SEI message SeMANCS. .......ccvvererueerreeresueransesresersersesessaseesssssansens 331
D.2.19 Motion-constrained slice group set SEI mMeSSage SMANTICS ...eu.evvrereerreenerereesanransesseserasssssessnseesasssansens 331
D.2.20 Film grain characteristics SEI message semantics
D.2.21 Deblocking filter display preference SEI message Semantics. ... ...coeioearcieceniiiesceee e eseee e esceeeeas 338
D.2.22 Stereo video information SEI message SeMANTICS .....ocoouewieereiii e eeecee e esie e ree e cseenee e eeeeeneea 339
D.2.23  Post-filter hint SEI message semantics .................. ..340
D.2.24 Tone mapping information SEI message semantics .. 341
D.2.25 Reserved SEI IMESSAZE SEIMATITICS ..vevververereereererrrerseraansrssssesasessesssssrsessssassessesssnsransessensssssessasansessanssansens 343
Annex E Video usability information 344
El.1l VUl pa.lameters syntax ........................................................................................................................... 344
E1l2 HRD Parameters SYIEAK ........ccco.uoiiei et iiacee e eseaeeeaesaeeaas e sasesas sseeeasassesae e e s smanancs e aeane e seeannasnis 345
EZ2 VUI semantics... .
E21 VUI par: ameters semantlcs ...................................................................................................................... 346
E22 HRD parameters SEIMANTICS ... . .iiioeeeiereoceeeeeireeeet et racee e emee s e seraese e es et e e e eeaeneeeeaeeae e eeeeseaee e enceanneene 357
Annex G Scalable video codmg 359
G.I  Scope.... eeeeeeseeeaeeeertesseesssesseesetesseesssssstessfesessisssessessesisseiesesssrsssisssssmssisesssssesssemsssasesisnensessases 309

G2 Nomatwe Reﬁarences
G.3  Definitions ......
G.4  Abbreviations..

.5 COMVERTIONS coeeeeveeeeeeteeeeeese s st e eesnaeeeesstesassseasnnns s st eeannssaeaneeaaantesenansas b st annsnseeamnean ssbenmnaneeessneesnnsssssnnnsssssnmmnaneenanen 3 O3

ITU-T Rec. H.264 (11/2007) ix

11



G.6  Source, coded, decoded and output data formats, scanning processes, neighbouring and reference layer
T IO S RS e B T D T T D e s e e 3 03
G.6.1 Derivation process for reference layer macroblocks :
G.6.1.1 Field-to-frame reference layer macroblock conversion process.............ocoooooiiiiiiiiniiiie .
G.6.1.2 Frame-to-field reference layer macroblock conversion process.............cooooiiiiiiiiiiiieie e
G.6.2 Dernvation process for reference layer partitions .........ccocoveeveiiiiccnccnnne
G.6.3 Derivation process for reference layer sample locations in resampling...
G7  Symimc and SEMaRHCS.......cccocuiciaiiiicaiiiiiiinmainss
G.7.1 Method of specifying syntax in tabular fOrm.........c..cocverieecreeeir s cre e e naere e
G.7.2 Specification of syntax functions, categories, and deSCriPtorS......coomvieerrereiereresererreree s easenseeseeaeranns
G.7.3 Syntax in tabular form
G ] A Sy R s s AT
G730 ‘NALxmitheader BV extension SYIIaR o o s e T T e e P e S R8s
G.7.3.2 Raw byte sequence payloads and RBSP trailing bits syntax.
G.7.3.2.1 Sequence parameter set RBSP SYIIAK ...ccocoiiiiiii et s en e
G.7.3.2.1.1 Sequence parameter set data SYINEAK ........ccooriiiiirn i s e eeeee e
G.7.3.2.1.2 Sequence parameter set extension RBSP syntax..
G.7.3.2.1.3 Subset sequence parameter set RBSP syntax ....
G.7.3.2.1.4 Sequence parameter set SVC extension syntax.
G.7.3.2.2 Picture parameter set RBSP SYIMAX ......ccvevervierueerianmesessesierseseseesessereessssasssseesassesssssssassessesesassesses
G.7.3.2.3  Supplemental enhancement information RBSP SYNAX ......cccvveeeeeruirieranresieensereesessasenssesasanesnes
G.7.3.2.3.1 Supplemental enhancement information message syntax .
G.7.3.24  Access unit delimiter RBSP SYIIAK ......cccooiiiireaiieiee e creeneeeeseec e eeaee e eseeee e e eeeenen e aeaseaees
G.7.3.2.5 End of sequence RBSP SYIEAK .....ooootiiioeeii e eac e ee e eseeee e eeeeeen e ease e
G.7.3.2.6 End of stream RBSP syntax ...
G.7.3.2.7 Filler data RBSP SYIITAK ....cooouiriiieieien e eesc e e e ea e ea e e eeme e e eseesene e eeasn e
G.7.3.2.8  Slice layer without partitioning RBSP SYNTAX ........ceoiiiiiiiiieii et
G.7.3.2.9 Slice data partition RBSP syntax.........cccceevnun.
G.7.3.2.10 RBSP slice trailing bits syntax ...
G.7.3.2.11 RBSP trailing bits syntax ............
G.7.3.2.12  Prefix NAL unit RBSP SYITAK. ...ceevitereeeerrenrreesersesneesessersssessessasesssesessssessesssssrssssesassessesemsssesses
G.7.3.2.13  Slice layer in scalable extension RBSP SYITAX......cccccoviieruereriesnseresssranneseeensersessssassessesamansesses
G.7.3.3  Slice header syntax
G.7.3.3.1 Reference picture list reordering SYNTAK . .......ccooooeiieeei e e
G.7.3.3.2  Prediction weight table SYNTAK ......cooviiio et
G.7.3.3.3 Decoded reference picture marking syntax
G.7.3.3.4  Slice header in scalable extension SYItaxX. ...
G.7.3.3.5 Decoded reference base picture marking SYItax ........ccocoooevereiiiniinieiieses e
G.7.3.4  Slice data SYyN{aAX......ccooviereeiiiiice e
G.7.3.4.1 Slice data in scalable extension syntax.
G.7.3.5 Macroblock layer syntax ..........cccevrsvrcerennnns
G.7.3.5.1 Macroblock prediCtion SYITAK .......c.ev.vereeerrssreerereesaseesessereseesessassessesesassessessnsmrsessesassensessmssrasses
G.7.3.5.2  Sub-macroblock prediction SYITAK .........cccviiererererieereeeereererereesessaneesseeraereseesansesssssesassansessensranses
G.7.3.5.3 Residual data syntax
G.7.3.53.1  Residual Iuma SYDTAK. ..o e
G.7.3.53.2 Residual block CAVLC SYIAX .....ooeiiieceieceeiecee e seec e eeeene e seeas e e ese e s aeneeaeneees
G.7.3.53.3 Residual block CABAC syntax........
G.7.3.6 Macroblock layer in scalable extension syntax ..
G.7.3.6.1 Macroblock prediction in scalable extension syntax......
G.7.3.6.2 Sub-macroblock prediction in scalable eXtension SYIEAX ...........cceeerveverereseensereenesesenseeresneenes
G748 SEIMIAIITICS 1oov. ettt eesee et e et b s bt eseee s e e b e e ee s e s SmeeEeE £ £ 4R eAenEE £ 48 She e eE s £ eeRe s eh e R ee et eEebeae bt ennre e
G.74.1 NAL Uit SEMANTICS 1vvveeeeeeiseeereee e eaeas
G.7.4.1.1 NAL unit header SVC extension Semantics ..........cooueeervrverereresieserereerea
G.7.4.1.2 Order of NAL units and association to coded pictures, access units, and video sequences ........ 382
G.74.1.2.1 Order of SVC sequence parameter set RBSPs and picture parameter set RBSPs and their
activation 382
G.7.4.1.2.2 Order of access units and association to coded video sequences...............cc.coooooiiiien. 386
G.7.4.1.2.3 Order of NAL units and coded pictures and association to access units
G.7.4.1.2.4 Detection of the first VCL NAL umt of a primary coded picture ......... ....387
G.7.4.1.2.5 Order of VCL NAL units and association to coded pictures.......
G.7.4.2 Raw byte sequence payloads and RBSP trailing bits SemMANtCS. .....c.veveeerriverenneseserereeeeeanen e resaenens 388
G.7.4.2.1 Sequence parameter set RBSP SEMANTICS ... .cceuereerverereeresrereeseeressnerssserannessesasserssssesassassessmssrasses 388
G.7.42.1.1 Sequence parameter set data SEMANTICS .. .cverveverereerriserereesesranee e ereranre s esesers e assesesseeesanreens 388

ITU-T Rec. H.264 (03/2005)

12



G.7.42.1.2 Sequence parameter set extension RBSP semantics

G.742.1.3 Subset sequence parameter set RBSP SEMANtics ........ccooeoveiirerrieceeee e

G.742.1.4 Sequence parameter set SVC extension semantics..
Gi74:2:2 Pictuie paiameter SetRB SR SeEIaTIEE ..o i ssmemsn smmsmms s mesis 53 issa s saes egas sans s ehasns voss s 5o
G.7.42.3 Supplemental enhancement information RBSP semantics............ccooooiieiiiiiiieeieeee 391

G.7.4.2.3.1 Supplemental enhancement information message semantics
G.74.24 Access unit delimiter RBSP semantics..........ccovevvveeeenienrenecnnns
G.7.4.2.5 End of sequence RBSP semantics.........
Gi7id2r6 TEndiof siteaiti R B SR BEIIATIICE] - cmrez smsss s smsmssmss s smass e smas e seasemmas s am s ams s Sy s
G.7.4.2.7 Filler data RBSP SEINANTICS .o.evoveriaertiiieeaeseresesseesseseresesssseresssassassesesssassesess st sesns s ssesassnsesssssnssns
G.7.4.2.8 Slice layer without partitioning RBSP semantics.
G 7429 Shcedatapartition RBS P Seman ties s e S e
G74:2:10 RBSPshce trailing bits semaritics »om e e s S e S g S s
G.7.4.2.11 RBSP frailing bits semantics
G.7.4.2.12 Prefix NAL unit RBSP SEIMAINTICS ......ooeeiiiiereerreiimeensc s esesne s esens e sseseensenesaneesns

G.7.4.2.13  Slice layer in scalable extension RBSP semantics

G.7.4.3  Slice header SemMAntics ...c.ec...evveervrreeerersierernreeeseereraens
G.7.4.3.1 Reference picture list reordering semantics
G.7.4.3.2 Prediction weight table semantics ..................
G.7.4.3.3 Decoded reference picture marking SEmMANCS ........cceeeveverierersierennresecereereseseeerae e esassanee e saeranees
G.7.434 Slice header in scalable eXtensiON SEIMANTICS ....eocvereereriis et eeere st sre e s sneneene

G.7.4.3.5 Decoded reference base picture marking semantics.
G.7.44  Slice data SEIMAITICS ... ooeere it eee e ettt e e ee s e eee et s e asae s e e eae et e s ean e e e e eas e e e eseee e eneeanneene
G.74.4.1 Slice data in scalable eXtension SEMANTCS ........cooivorerriiiree et e
G.7.4.5 Macroblock layer semantics
G.7.4.5.1 Macroblock prediction SEMANTICS . ........cooii et e e e
G.7.4.5.2 Sub-macroblock prediction SEMANTICS. .....c...iiierirtir e et esee e se e eseseaese e aerne e
G.7.4.5.3 Residual data semantics .......c..cccevunnne
G.7.4.5.3.1 Residual luma semantics ...............
G.7.4.5.3.2 Residual block CAVLC semantics...
G.7.4.5.3.3 Residual block CABAC SEIMAITICS ...cuv.viuecrirresieeneeieesaeeescressesee s escrasesesesesesscssessessssssanseees
G.7.4.6 Macroblock layer in scalable eXtenSION SEMANTCS ....evivvereeerrrereeserrasreeseseeranneseeserersessesanseseesaranenss
G.7.4.6.1 Macroblock prediction in scalable extension semantics
G.7.4.6.2 Sub-macroblock prediction in scalable extension semantics..........co..overrioerereeeeesene e 404
G.8 SV dECOAING PIOCESS ..ottt e me e et ee e e m et et ee 22 smm e st e s et en s memnn e s aenennree
G.8.1 SVC initialisation and decoding processes
G.8.1.1 Derivation process for the set of layer representations required for decoding ............................. 406
G.8.1.2  Array assignment, initialisation, and restructuring ProCESSES ........covirereireirienereireriere et eneeee e seeeeens 406
G.8.1.2.1 Auray assignment and initialisation process................... ....406
G.8.1.2.2  Array restructuring process .............. ... 408
G.8.1.3 Layer representation decOding PIOCESSES ... .overuirrrrererserreneeesresmressereaneesesseseeses ... 409
G.8.1.3.1 Base decoding process for layer representations without resolution change............ccccveervveneee. 409
G.8.1.3.2 Base decoding process for layer representations with resolution change.........ccoceevvveeeeervvcerenne. 410
G.8.1.3.3 Target layer representation decoding process
G.8.1.4  Slice decOdIg PrOCESSES ..o .. ettt eeee ettt e eeeee et st es et s et eaeee e e eren et et rae e e e eae e e e eneeanne e
G.8.1.4.1 Base decoding process for slices without resolution change.............cooov i, 412
G.8.1.4.2 Base decoding process for slices with resolution change....... 412
G.8.1.5 Macroblock initialisation and decoding processes................. ... 413
G.8.1.5.1 Macroblock initialiSAtioN PIOCESS. ..o .iiereererresererereeraseeresseraeseesessaserssssesassessesensersessesassensessmssrasses 413
G.8.1.5.1.1 Derivation process for macroblock type, sub-macroblock type, and inter-layer predictors for
reference indices ANd MOTION VECTOTS. ....c..otreeitiieereiet e rter et ere s seaese et esee s ease e sen s se s et ebase b esennee e
G.8.1.5.1.2 Derivation process for quantisation parameters and transform type
G.8.1.5.2 Base decoding process for macroblocks in slices without resolution change ...........cccocceivvenee. 417
G.8.1.5.3 Base decoding process for macroblocks in slices with resolution change.........ccocovveeeericeenne. 418
G.8.1.54 Macroblock decoding process prior to decoding a layer representation without resolution change
and tcoeff level prediction flag equal 10 0.......ooooiiiiiie e e 420
G.8.1.5.5 Macroblock decoding process prior to resolution change ... 420
G.8.1.5.6 Target macroblock decoding ProCess ............ccerieiiiieresieiierie et . 421
G.8.2 SV reference picture lists construction and decoded reference picture marking process.... ..423
G.8.2.1 SVC decoding process for picture order COUNL..........ccovvereeeeiiiereererianeresieseranne e seraeas ... 424
G.8.2.2 SVC decoding process for pictire MUIMDETS .........ccceeeireereeeiesereserrasseeseseerane e seesesaeraesaesasesseesaransenes 425
G.8.2.3 SVC decoding process for reference picture lists CONSIUCHON ...ecvevveecreereeriereneeieserae e eseeessesseranee s 427
G.8.24 SVC decoded reference picture mMArking PIOCESS.....vvuvrrerreresrrrerarsersaserersesseanneseesersessssassanesssesesanenss 428

ITU-T Rec. H.264 (11/2007) X1

13



G.8.24.1 SVC reference picture marking process for a dependency representation ........c.ccceveeveeverieeenne. 428

G.8.2.5 SVC decoding process for gaps in frame nUum ...........ooooroiiiieie e 430
G83 SVC intra decoding processes
G.8.3.1 SVC derivation process for intra prediction modes. ...............ooooioiiiiiiiiii e 431
G.8.3.1.1 SVC derivation process for Intra_4x4 prediction modes .............ocoooiiiiiiiiiiie 432
G.8.3.1.2 SVC derivation process for Intra_8x8 prediction modes ... ....432
G.8.3.2 SVC intra sample prediction and construction process........... ....434
G.8.3.2.1 SVC intra prediction and construction process for luma samples or chroma samples with
ChTOMA AT VDS CUAIIOIE.  c-rsoerecsemsssses s s T e S S e s e e e e e e A e 435
G.8.3.2.1.1 SVC construction process for luma samples and chroma samples with ChromaAsrayType
equal to 3 of T PCM MACTODIOCKS ....oviiiieece e eree e a s an e st nae e es e sane e e enenanne e
G.8.32.1.2 SVC Intra 4x4 sample prediction and construction process ..........coevvorrereceeeneseceeeenns
G.8.321.3 SVCIntra 8x8 sample prediction and construction process ..........coovvirrcreceecenesccennnn.
G.8.3214 SVCIntra 16x16 sample prediction and construction process...
G.8.3.2.2 SVC intra prediction and construction process for chroma samples............cccoveiiiinnninienenne.
G.8.3.2.2.1 SVC construction process for chroma samples of I PCM macroblocks...........ccooviiieennne. 438
G.8.3.2.2.2 SVC mtra prediction and construction process for chroma samples with ChromaArrayType
LT LR T e OSSOSO 438
G.8.4  SVC Inter prediction PIOCESS .o mrveeereeanerserreranresserensessessasassassessmssrssssssssnsesses ... 439
G.8.4.1 SVC derivation process for motion vector components and reference indices ......cccoeovvveenrvreveennn. 439
G.8.4.1.1 SVC derivation process for luma motion vector components and reference indices of a
macroblock or SuUb-MACTODIOCK PATTIION ... c.eeveuriieeeeee e sereseeeen e raene e seasesae e raee s esenaerse e esansnnsesananreenes 441
G.8.4.1.2 SVC derivation process for luma motion vectors and reference indices for B_Skip,
B Direct 16x16, and B Direct 8x8 in NAL units with nal unit type equal t0 20 ..........coccoiiiiiiniiie, 444

G.8.42 SVC decoding process for Inter prediction samples
G.8.4.2.1 SVC derivation process for prediction weights

G.8.4.2.2 Intra-inter prediction cOMDBINATION PIOCESS. ... coiur.eirirearieerreeeseerte e eseeiae e e se s e eseeseesaeranreas
G.8.5 SVC transform coefficient decoding and sample array construction processes. ... 450
G.8.5.1 Transform coefficient scaling and refinemMEnNt PrOCESS .. .oveviviiereererieeereieierene s ranne e 450
G.8.5.1.1 Refinement process for luma transform coefficients or chroma transform coefficients with
ChromaArrayTYPe @qQUALTO 3 ...ooovee et eee e e ee s st asmese s seeraen et e e nae e e aesaane e e s aanneseesaaennsesamanrenres 451
G.8.5.1.1.1 Assignment process for luma transform coefficient values or chroma transform coefficient
values with ChromaArrayType equal to 3 for I PCM macroblocks..........ccveeuieviveeeieinieieee s 451
G.8.5.1.1.2 Refinement process for transform coefficients of residual 4x4 blocks........c...ocooeviiinene. 452
G.8.5.1.1.3 Refinement process for transform coefficients of residual 8x8 blocks........c...ccoovevrinenee. 453
G.8.5.1.1.4 Refinement process for transform coefficients of Intra 16x16 macroblocks.. ....453
G.8.5.12 Refinement process for chroma transform coefficients ... 455
G.8.5.1.2.1 Assignment process for chroma transform coefficient values for I PCM macroblocks....... 455
G.8.5.1.2.2 Refinement process for chroma transform coefficients with ChromaArrayType equal to 1
or2 456
G.8.5.2 Transform coefficient level scaling process prior to transform coefficient refinement...................... 457
G.8.5.3 Residual construction and accumUlAtion PIOCESS .....uvivereeeerirereeresresesresierasseseesessesaessesansessesassnreens 459
G.8.5.3.1 Construction process for luma residuals or chroma residuals with ChromaArrayType equal to 3
460
G.8.5.3.1.1 Construction process for luma residuals or chroma residuals with ChromaArrayType equal
t0 3 0f I PCM mACTODIOCKS ... ee e e eaene e 460
G.8.5.3.1.2 Construction process for residual 4x4 blocks.... ... 460
G.8.5.3.1.3 Construction process for residual 8x8 blocks.... ....461
G.8.5.3.1.4 Construction process for residuals of Intra_16x16 macroblocks. ... 461
G.8.5.3.2 Construction process for chroma residuals...........c..oveeeiiireeiresreere e e 462
G.8.5.3.2.1 Construction process for chroma residuals of I PCM macroblocks ........ccceveeveeeniviccnennne. 462
G.8.5.3.2.2 Construction process for chroma residuals with ChromaArrayType equal to 1 or 2.. .. 462
G.8.5.4 Sample array acCUMUIATION PIOCESS ..ovevervrrieerrereerereessrsereeesseseressersassesessesserannessesesassssssssanesssesesansenss 463
G.8.5.4.1 Picture sample array CONSIUCTION PIOCESS ...uervererrvrrereeresrerersersessasersesseransessesensersessesassensessmssrasses 464
G.8.542 Macroblock sample array extraction process .
G.8.54.3 Picture sample array construction process for a colour component ..............ccocveeieieneseccnene. 465
G.8.5.44 Macroblock sample array extraction process for a colour component ...............cooooeiiiiienne. 465
G.8.5.5 Sample array re-initialisSation PIOCESS .........coeuriierierieeiirneenee st eeere e eeeeneeeees ....466
G.8.6  Resampling processes for prediction data, intra samples, and residual samples..........c.ccocooveeiiicnnnne 466
G.8.6.1 Derivation process for inter-layer predictors for macroblock type, sub-macroblock type, reference
iNdices, AN MIOTIOM VECTOLS ..eiuvivuiiiieeetesieisteesassseesstesss s sesssseesseessssnsesssesesasasessnsessaesssansessstessasessssssesasssssanssassne 466
G.8.6.1.1 Derivation process for reference layer partition identifications .............ccoevrveereesrernrasereesereenns 467
G.8.6.1.2 Derivation process for inter-layer predictors for reference indices and motion vectors.............. 469
Xi1 ITU-T Rec. H.264 (03/2005)

14



G.8.6.1.3 Derivation process for inter-layer predictors for P and B macroblock and sub-macroblock types

473
GiBi6i27 Resanipling process for intra Samples ..o s s s e e e 476
G.8.6.2.1 Resampling process for intra samples of a macroblock colour component............................... 476
G.8.6.2.2 Reference layer sample array construction process prior to intra resampling ........................... 478
G.8.6.2.2.1 Dernvation process for reference layer slice and mtra macroblock identifications. .. 480
G.8.6.2.2.2 Construction process for not available sample values prior to intra resampling ....
G.8.6.2.3 Interpolation process for Intra_Base prediction .......ccuevvveveeresseeererseseres e erensessenes
G.8.6.2.4 Vertical interpolation process for Intra_Base prediction...........ocveeveierenereeesereeseseseresesaeseenes
G.8.6.3 Resampling process for residual SAMPLES.......c....vveveiirieeeeess e e

G.8.6.3.1 Resampling process for residual samples of a macroblock colour component ...
G.8.6.3.2 Reference layer sample array construction process prior to residual resampling
G.8.6.3.2.1 Derivation process for reference layer transform block identifications.............cccocooieennn.
G.8.6.3.3 Interpolation process for residual prediction
G.8.6.3.4 Vertical interpolation process for residual prediction ........c.cocoviriiiiiivcic i
G.8.7 SV deblocking fIlter PrOCESSES .....occiiiiire it ettt e e et eesesesaeae e e saerae e en e e s semneneeses
G.8.7.1 Deblocking filter process for Intra_Base prediction....
G.8.7.2 Deblocking filter process for target Tepresentations. ........ocouurvrcerererasreresieseereneesenenns
G.8.7.3 Derivation process for quantisation parameters used in the deblocking filter process..
G.8.7.4 Macroblock deblocking filter PIOCESS ..cve..ieecerierireririreneee e seras et aseraese e aerann e seeserae e s essanenssenenannenes
G.8.7.4.1 SVC filtering process for DIOCK @d@es ... c..vivririieeeeeei et
G.8.7.4.2 SVC filtering process for a set of samples across a horizontal or vertical block edge ..
G.8.7.4.3 SVC derivation process for the luma content dependent boundary filtering strength .................
G.&8.8 Specification of bitstream SUDSETS ...
G.8.8.1 Sub-bitstream extraction process
G.8.8.2 Specification of the base layer bitstreanm. ...
G.O  PAFSING PIOCESS ....eeeeeneeeeeeeeeasaeennessnensasassessnesasssasnnenneenn
G.9.1 Alternative parsing process for coded block pattern......................
G.9.2  Alternative CAVLC parsing process for transform coefficient levels.........coooooeeerviiveevicvvecnne
G.9.2.1 Additional parsing process for total number of transform coefficient levels and trailing ones.........
G.9.2.2  Alternative parsing process for run information.............eeeeeiicreieieseees e 506
G.9.3  Alternative CABAC parsing process for slice data in scalable eXtension..........coceovovevvecressanerrsserennnas 507
G.9.3.1 Initialisation process
G.9.3.2 Binarization process

G.9.3.3  Decoding process flomW ... et eaen e
G.9.3.3.1 Derivation process for ctxIdx
G.9.3.32 Assignment process of ctxIdxInc using neighbouring syntax elements ................................. 510

G.9.3.3.2.1 Denvation process of ctxIdxInc for the syntax element base_mode _flag..........cccocorueneee. 510
G.9.3.3.2.2 Denvation process of ctxIdxInc for the syntax element residual prediction flag.
G.10 Profiles and levels..

G.10.1  Profiles....ccoooeeiiiiiiicn
G.10.1.1 Scalable Baseling Profile........cccoovioiiieeriiieeeeieisesensesaeees s eras e asneae s e erann e nesae e aesae e seneannenes
G.10.1.2  Scalable High profile............oooeriiiiieis e e e saesae e sae e erann e nerae e e esnne s eneannenee
G.10.1.3  Scalable High Intra profile

L6 T 50 )OO S OSSR
G.10.2.1 Level limits common to Scalable Baseline, Scalable High, and Scalable High Intra profiles ......... 513
G.10.2.2  Profile specific 1evel LTS .....c.coiiiiiiii ettt st

G.11 Byfe stream format..............coveeue..
G.12 Hypothetical reference decoder ........... .
G.13  Supplemental enhQRCement INfOrTATION ...............eeeeueeeeeeeeeeeseraeescesaessesssnesaseseessensrssssssnsessenesansesserasnssananen

G.13.1  SEI PAVIOA STITAK ...eveerierereeriiereeseeseseesessesseasssssesesasssessesansessesessessssessaassssssesnmsansessensrasssesessessssonssansens
G.13.1.1  Scalability information SEI message syntax
G.13.1.2 Layers not present SE] MeSSAZE SYIAK. .....oceriiarerreiiserneeeseersssesseesseessessasssesssessssessssensesassessasansans
G.13.1.3  Layer dependency change SEI INESSAZE SYITAX ...eovevvrreereesrrrieranesanereseesseranneseesersssessessasesssssesassesss 520
G.13.1.4  Sub-picture scalable layer SEI message syntax
G.13.1.5 Non-required layer representation SEI MeSSAZe SYIAX ........uireuiriaameeeieeene e eeeesen e seeaeene 521
G.13.1.6  Priority layer information SEL message SYIAX ...........ooiiiiiiiicecei e 521
G.13.1.7 Scalable nesting SEI message syntax.................. ...521
G.13.1.8 Base layer temporal HRD SEI message syntax...... ...522
G.13.1.9  Quality layer integrity check SEI message syntax .... ... 522
G.13.1.10  Redundant picture property SEI mMesSage SYITAX ........oeevrrrivereereianerereesserannesessersesessessasesssssesssseses 523
G.13.1.11 Temporal level zero dependency representation index SEI message SYNaX......cocceveveveeervrreraneenns 523
G.13.1.12 Temporal level switching point SEI mMessage SYITAK ..c.cvevvicreereriasmresieseeranneseesersesessessssesssssesassenns 523

ITU-T Rec. H.264 (11/2007) X1il

15



G132 SELpayload semantics s s s s 523

G.13.2.1 Scalability information SEI message SEMAMTICS ......c..oueoreorerricaeeeaareeeeerene e seraseeeeeeeee e eseeaseeees 524
G.13.2.2 Layers not present SEI message semantics
G.132.3 Layer dependency change SEI message SEMANTICS .......ocooiiiiiiieiiii e e eceaeeseenan e eeaee e 533
G.132.4  Sub-picture scalable layer SEI message SemAantics ..........o..oooooiiiiioeii e 533
G.13.2.5 Non-required layer representation SEI message semantics.

G.13.2.6  Priority layer information SEI message semantics...........
G.13.2.7 Scalable nesting SEI message semantics...................
G.13.2.8 Base layer temporal HRD SEI mesSage SSMANTCS ....c.eeoveerrruereeerreserrersesserasesssesesserassessssesssssessenees

G.13.2.9 Quality layer integrity check SEI message semantics
G.13.2.10  Redundant picture property SEI message semantics

G.13.2.11 Temporal level zero dependency representation index SEI message semantics ..........cccc.co...... 537
G.13.2.12 Temporal level switching point SEI message Semantics ........coooiereereroreeeesence e 538
G.14 SVC video usability information extension ..............cocccooueeeeeenenee
G.14.1 SVC VUI parameters eXtellSION SYIAX .....cciuimieieriiiiosiesisssss s sssss i sss s s e s assaass s sssssss s
G.14.2  SVC VUI parameters eXtension SEIMAINTICS ......c.evervirerreeeertaaesseesaarsesessaerassssasssssssssssammasessessassesssssssssses
LIST OF FIGURES

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a frame.......c..c..c.ceoenee 20
Figure 6-2 — Nominal vertical and horizontal sampling locations of 4:2:0 samples in top and bottom fields................. 21
Figure 6-3 — Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a frame.......c..c..c.ceeenene. 21
Figure 6-4 — Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom fields..................... 22
Figure 6-5 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a frame.......c..c..c.ccoeenen. 22
Figure 6-6 — Nominal vertical and horizontal sampling locations of 4:4:4 samples top and bottom fields..................... 23
Figure 6-7 — A picture with 11 by 9 macroblocks that is partitioned into tWo SHCeS.......cceviereecereeesrrercreereee e 24
Figure 6-8 — Partitioning of the decoded frame into macroblock pairs ..o 24
Figure 6-9 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans, and sub-macroblock
LTS0S OSSOSO 26
Figure 6-10 — Scan for 4x4 Tuma BIOCKS .......cooiiiri ittt et s et et et e et eae e s enn et es 27
Figure 6-11 — Scan for 8X8 IMNA DLOCKS......c..c.ovieceeeiceciee e seie s eseree e ssase et sae s e ere e e s e esesaes e e sasae s areesensessesannersasean 27
Figure 6-12 — Neighbouring macroblocks for a given macroblock ...........ocueiiiiiiiii e 28
Figure 6-13 — Neighbouring macroblocks for a given macroblock in MBAFF frames ..........ocoovoviieocveccecne e 29
Figure 6-14 — Determination of the neighbouring macroblock, blocks, and partitions (informative) ..........cccoeervicecnne 30
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 of 20 t0 31, inclusive ... 64
Figure 8-1 — Intra_4x4 prediction mode directions (infOrMATIVE) .........coveeeeerriirerereeasere e eaere e eeree e seee e sesaeranse s 124
Figure 8-2 — Example for temporal direct-mode motion vector inference (informative) ..........ccoooviiviiiiiiiiie 155
Figure 8-3 — Directional segmentation prediction (infOrmative) ........ccocvieeeeriisereeeasire s eres e e v e eee e asaerare s 156

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. ... 162

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

samples A, B, €, 1A D ..ot e £ttt e e et f e e et e £ et e e e esen e neeaen e 164
Figure 8-6 — Assignment of the indices of dcY to lumadxABIKIAX .....cocviiiiiiiiicrcciece et eneee 170
Figure 8-7 — Assignment of the indices of dcC to chroma4x4BlkIdx: (a) ChromaArrayType equal to 1, (b)

ChromaArrayTyPe @qUALTO 2 ..ottt e et ea e e eaere et et re e e e e emea e s s e erae e e emen e seennrase s 172
Figure 8-8 — 4x4 block scans. (a) Zig-zag scan. (b) Field scan (informative) ........cocoveereeesiviereeeseeerereesessnneesisaesaneens 174
Figure 8-9 — 8x8 block scans. (a) 8x8 zig-zag scan. (b) 8x8 field scan (informative) ... 175
X1V ITU-T Rec. H.264 (03/2005)

16



Eigure 8-10— Boundanies in a:macroblock to be fltered o s s s b i s 194

Figure 8-11 — Convention for describing samples across a 4x4 block horizontal or vertical boundary ..............ccoueee. 198
Figure 9-1 — Tllustration of CABAC parsing process for a syntax element SE (informative) ............ccocoiiiiiiinnne 219
Figure 9-2 — Overview of the arithmetic decoding process for a single bin (informative) ........cocooeereericiesenrisserannnns 265
Eipure 9-3=THlowchart for.decodingadecision e mrmmmessrmmaasmmrmaen s mmesserma s 266
Figure 9-4 — Flowchart of 1enormaliZation. ... .....cocriiiiiiirii ettt ettt ee st es e eae e s e e e e essemnne e 268
Figure 9-5 — Flowchart of bypass decoing Protess .. ..ot ee e s aem e ss e e e e e e 269
Figure 9-6 — Flowchart of decoding a decision before termination ............cueeerievereruiieansees e e seeserae e sesssessasansansens 270
Figure 9-7 — Flowchart for encoding @ deciSion ..........o oo e nene e 271
Figure 9-8 — Flowchart of renormalization in the encoder .......cccoviirerrieeeeec e veeeee s eres e ree e ssee e asnease s 272
Figure 9-9 — Flowchart 0f PUBIt(B)......... oottt se e ese e saese e 2t eaeee e sem e e n e e ere s e e eneas e aemnnne s 272
Figure 9-10 — Flowchart of encoding ByPass. .......ccccioeeeiiiiererr s saese e aase s s annas s essseras e sassessssasassansens 273
Figure 9-11 — Flowchart of encoding a decision before termination .............cc.ocooioiioiiiicec e 274
Figure 9-12 — Flowchart of flushing at teIrmination.........c.ecvvirecereceresneseeeses e seseeeeaserae e aeren e sseeras e sassnssssasnnsansens 274
Figure C-1 — Structure of byte streams and NAL unit streams for HRD conformance checks ... 293
Figure C-2 — HRD DUfer MOAEl.......ccoouei ettt e s ase e e e annan e e snras e e nsnaessannnanse s 294
Figure E-1 — Location of chroma samples for top and bottom fields as a function of chroma sample loc type top field
and chroma sample loc type bottom field ... 353
LIST OF TABLES

Table 6-1 — SubWidthC, and SubHeightC values derived from chroma format idc and separate colour plane flag...19
Table 6-2 — Specification of input and output assignments for subclauses 6.4.10.1 t0 6.4.10.7 ..o 30
Table 6-3 — Specification Of MBAGAIN ..o e e se e e er e ea st sanae s areesenee st sannersarean 34
Table 6-4 — Specification of MbAAAIN and FIM ..ot r e e eaneeeneen 36
Table 7-1 — NAL unit type codes, syntax element categories, and NAL unit type classes.......covveerverrerrrerenesvrusseeares 59
Table 7-2 — Assignment of mnemonic names to scaling list indices and specification of fall-back rule........................ 69
Table 7-3 — Specification of default scaling lists Default 4x4 Intra and Default 4x4 Inter...........ccccoevvveeeeeresvrunrcnanna 69
Table 7-4 — Specification of default scaling lists Default 8x8 Intra and Default 8x8 Inter............cccoooioiriiiicccnnnee 70
Table 7-5 — Meaning Of PriINAry PIC TFI8 .eeviieereeirestereeiserasseseseressessesasseseeserassesseeseesseesasaassssesasasssssensensessesamnensasean 77
Table 7-6 — Name association t0 s1ICE T¥PE ... oottt e e e 80
Table 7-7 — reordering_of pic nums_idc operations for reordering of reference picture lists........c.coevvevreeeresvrierceennan 85
Table 7-8 — Interpretation of adaptive ref pic marking mode flag.........cooiiiiiiiiiiiii e 87
Table 7-9 — Memory management control operation (memory management control operation) values............ccoceuev... 88
Table 7-10 — Allowed collective macroblock types for sHCe tyPe ..ot 920
Table 7-11 — Macroblock tyPes fOI T SLICES ...ou.ivieirieriieeiree i eseia e eserae e ssase et eaerae e eree e s e esesaese st sanaeensreesenseseesamnersasean 91
Table 7-12 — Macroblock type with value 0 for ST SHCES .......iciiiiircre ettt ee e 92
Table 7-13 — Macroblock type values 0 t0 4 for P and SP SHCES.......ccvecveieieereieserae s eeeses s eresse st sasaeessresseseessesasnesaseas 93
Table 7-14 — Macroblock type values 0 t0 22 fOr B SlICeS.......oiiriiirieee ettt 94
Table 7-15 — Specification of CodedBlockPatternChroma VAIUES. ........c..ooieiiiiieceee e n 96
Table 7-16 — Relationship between intra_chroma pred mode and spatial prediction modes............ccevvvrveeresvrverenenne 97
ITU-T Rec. H.264 (11/2007) XV

17



Table 7-17 — Sub-macroblock types in P macroblocks e s T S R et 98

Table 7-18 — Sub-macroblock types 1 B MACTODIOCKS . ... .o smismrisssessesssismsiossssnssnssiisasssisssssissnsssssmasntossss sivas sosssmngnsingen 99
Table;8=1=— Refined slice: oronp Ity e s s e P S 108
Table 8-2 — Specification of Intradx4PredMode[ luma4x4BlkIdx ] and associated Names.........cccooveereereeseerannesieseraeens 123
Table 8-3 — Specification of Intra8x8PredMode[ luma8x8BlkIdx ] and associated names............ccooveriiceneiiiiceenne 130
Table 8-4 — Specification of Intral 6x16PredMode and associated NANES ...........covveiiiinriiiieee e sanee e 137
Table 8-5 — Specification of Intra chroma prediction modes and associated NAMES.........cocooiireiieinii e 140
Table 8-6 — Specification of the variable COIPIC ..o eeee e asnene e eere e asaeae e sasanase s 148
Table 8-7 — Specification of PicCoingSHiet( 3 ). .o et n e e e e e ee e eeene s 148
Table 8-8 — Specification of mbAddrCol, yM. and VertMVSCale .......ccccvveeeeer e e eres e eeree e nee e asaeanse s 150
Table 8-9 — Assignment of prediction utilization flags.............coooi i 152
Table 8-10 — Derivation of the vertical component of the chroma vector in field coding mode ........cccceveveeerriivecnennne 158
Table 8-11 — Differential full-sample Tima L0CATHONS ..ot 163
Table 8-12 — Assignment of the luma prediction sample predPartLXI[ X1, FL ] cooeeereererrereermranreseeesmreeressessnessisaeransens 164
Table 8-13 — Specification of mapping of idx to ¢ for zig-zag and field scan...............cccocooo 174
Table 8-14 — Specification of mapping of idx to ¢ for 8x8 zig-zag and 8x8 field scan..........cccooocvvorccieccec i, 175
Table 8-15 — Specification of QP¢ as a function of P ..o 176
Table 8-16 — Derivation of offset dependent threshold variables o and B' from indexA and indexB..........cccccvcveueneee.. 202
Table 8-17 — Value of variable t'cp as a function of indexA and DS .....c.oooioieee et s eereee e 204
Table 9-1 — Bit strings with “prefix™ and “suffix” bits and assignment to codeNum ranges (informative).................... 206
Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative)..........ccoecervevernenee 206
Table 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elements se(v)............ 207
Table 9-4 — Assignment of codeNum to values of coded block pattern for macroblock prediction modes ................. 207
Table 9-5 — coeff token mapping to TotalCoeff{ coeff token ) and TrailingOnes( coeff token )........ccooovueiriincn. 212
Table 9-6 — Codeword table for level prefix (INfOIMALIVE)......eccovviireriiceee e e e 215
Table 9-7 — total_zeros tables for 4x4 blocks with tZVICINAEX 1 10 7 ..oooiiieieeiii e 216
Table 9-8 — total_zeros tables for 4x4 blocks with tZVICINAeX 8 10 15 ....ooveoeeiii e eeere e nnae e se e 217
Table 9-9 — total _zeros tables for chroma DC 2x2 and 2x4 BIOCKS ..o 217
Table 9-10 — Tables for TN DfOre ...cc.ii e et sae e e annen e e nra s saesnae e sannnanse s 218
Table 9-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation process............. 220
Table 9-12 — Values of variables m and n for ctxIdx from 0 10 10.....cooriiieinii e 221
Table 9-13 — Values of variables m and n for etxIdx from 11 10 23 ... 222
Table 9-14 — Values of variables m and n for ctxIdx from 24 £0 39......ciiieiii e e s 222
Table 9-15 — Values of variables m and n for etxIdx from 40 10 53 . ..o 222
Table 9-16 — Values of variables m and n for ctxIdx from 54 to 59, and 399 10 401 ...cceceveiiieceeii e 223
Table 9-17 — Values of variables m and n for ctxIdx from 60 t0 69.........oooveiiiiiieciere e 223
Table 9-18 — Values of variables m and n for ofxIdx from 70 £0 104 .........oooiiiireii e e s 224
Table 9-19 — Values of variables m and n for etxIdx from 105 t0 165 ... 225
Table 9-20 — Values of variables m and n for ctxIdx from 166 10 226........ccoeviirireeriseree e esneee s 226
Table 9-21 — Values of variables m and n for ctxIdx from 227 t0 275 ..o e 227
XVl ITU-T Rec. H.264 (03/2005)

18



Table 9-22 — Values of variables m and n for ctxIdx from 277 £0 337 ...ttt et s enaena s 228

Table 9-23 — Values of variables m and n for ctxIdx from 338 t0 398 .......oooiiii i 229
Table 9-24 — Values of variables m and n for etxIdx from 402 10 459 ..o 230
Table 9-25 — Values of variables m and n for ctxIdx from 460 £0 483 ...t e 231
Table 9-26 — Values of variables m and n for ctxIdx from 484 10 571 ... 231
Table 9-27 — Values of variables m and n for ctxIdx from 572 0 659 ......c.ooviiiiieiresre e 233
Table 9-28— Values of variables m and n for ctxTdx from 660 £0 T1T ..o 235
Table 9-29— Values of variables m and n for ctxIdx from 718 10 775 ..ot enene s 236
Table 9-30 — Values of variables m and n for ctxIdx from 776 10 863 ........oooiii i 237
Table 9-31 — Values of variables m and n for ctxIdx from 864 10 951 .....c.ooeiiiiiieceee e 239
Table 9-32 — Values of variables m and n for etxIdx from 952 0 1011 ... 241
Table 9-33 — Values of variables m and n for ctxIdx from 1012 t0 1023 ..ot 242
Table 9-34 — Syntax elements and associated types of binarization, maxBinIdxCtx, and ctxIdxOffset......................... 243
Table 9-35 — Bin string of the unary binarization (IfOrmMAtIVE).........ccccviveeeeeiiireere e eseres e eseree e e seee e sasaeranses 246
Table 9-36 — Binarization for macroblock types in T sHCeS ... oot 248
Table 9-37 — Binarization for macroblock types in P, SP, and B SlICES.....c.uceriirverereianiresieeren e eereeseeassnse s sasaesansens 249
Table 9-38 — Binarization for sub-macroblock types in P, SP, and B slices ..o 250
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................... 252
Table 9-40 — Assignment of ctxIdxBlockCatOffset to ctxBlockCat for syntax elements coded block flag,
significant coeff flag. last significant coeff flag. and coeff abs level minusl........ccoooiiiiiiniiiininiiiieee. 253
Table 9-41 — Specification of ctxIdxInc for specific values of ctxIdxOffset and binIdX........cccveerevveerereciesnrerrieeranne 261
Table 9-42 — Specification of ctxBlockCat for the different blocks ..........ooveiiiiriiiiiiii e 262
Table 9-43 — Mapping of scanning position to ctxIdxInc for ctxBlockCat == 5,9, 01 13...ooveciiccveiceeee e 263
Table 9-44 — Specification of rangeTabLPS depending on pStateldx and qCodIRangeldx.........c.occrvnviiiiininiiicinennne 267
Table 9-45 — State transition TADIE ............ o ettt n et e ne e 268
Table A1 — LaWel LIIES .....iuici sttt ettt ee e et ee et e e e b e£ e e e £ s eh bt s h e et b2t e e e e nnnn s 283
Table A-2 — Specification of cpbBrVelFactor and cpbBINAIFACIOT. .........o.ooiiii i 286
Table A-3 — Baseline profile 1evel TS ........c...oieeriiieeres e reesc e ee s eraesese e esae e e asnan e enres e s saeenasesannnansens 286
Table A-4 — Main, 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 . ... oot 287
Table A-5 — Extended profile 16Vel lHIITS. ......c....ovverricieeseiieeeree e st ee e eraesese e enaesaes e asnen e e seras e sassnasssasnnansens 288
Table A-6 — Maximum frame rates (frames per second) for some example frame sizes...................oocoi. 288
Table D-1 — Interpretation Of PIC SIIUCT ....veveeriieeeeeerreeeeesee e et eree s eeese e saesesee e aseraessesannansessenrassessassnnsssanansansens 317
Table D-2 — Mapping of ct_type to SOUICE PICTUIE SCAIL........ oottt e e aee e e eee e e meae e seeanenre s 318
Table D-3 — Definition of COUNtING_TYPE VALUSS ...ccvevviieieieirieeee i ereeaceasseeree s ceraene e esaerae e esassasse s sseras e sassnnsssasansansens 318
Table D-4 — scene transition tyPe VAIIES ...t n e eaene e 325
Table D-5 — MOl 10 VAIUES....ce. i ettt tee st re e et aeae e e e e raene s e s naeeaes s esanan e sesanran e saesnnnesannnanre s 332
Table D-6 — blending mode 1d VAIIES .......cceoiiiiiieic ettt ettt es st e e ae et e e et s s e eaene s e e e e e s s e ennane e 334
Table D-7 — filter NNt £FPE VAIES .ecveueiiiiereeieitereeeiseseeasee st raeeaere e ereesesseeseseese st saenessesaaserasesessnnansessssnrensessessnnsssasnnsansens 340
Table E-1 — Meaning of sample aspect ratio Indicator ... 346
ITU-T Rec. H.264 (11/2007) Xvil

19



Table E-2 — Meaning:of video: formate v s e e o i 347

Table B3 COlOUN PANEATICS . . wv.susiansssosaussavsss mssssssesnss e 135 545 S35 34550557564 §T5335 Hm0 0y §7 3555 S B T SHH 5 O T VE T8 S35 o558 S 348
Table E-4 — Transfercharacter st s e s S 349
ablei B S M X SO S CIETIR - .o cuuis som s smmmsmsmumnms sss o os s e S e S e 458 S S 43 352
Table E-6 — Divisor for computation of Atg g 1) <. oeeeeeioeeeee e 354
Table G-1 — Name association to slice_type for NAL units with nal unit_type equal t0 20.....ccccceoveevccrevinenerriseraenens 393
Table G-2 — Memory management control operation (memory management control operation) values ................... 401
Table G-3 — Allowed collective macroblock types for SHIEE TFPE. ...vvieviieee s nnae e 403
Table G-4 — Macroblock types for EL sliees. ..o 403
Table G-5 — Scale values ¢S for transform coefficient level SCAIINZ ......c.vveeeeriiveeec e 458
Table G-6 — Macroblock type predictors mbTYPelLPred....... oot eranne e 475
Table G-7 — Sub-macroblock type predictors subMbTypelLPred[ mbPartldx ] .......cccovemeeeeiiererieeere s sesense e 475
Table G-8 — 16-phase luma interpolation filter for resampling in Intra_Base prediction...........cccovenneiinenicicienennne 483
Table G-9 — Mapping of (nX, nY ) to coeffTokenldx and vice Versa ... 505
Table G-10 - Association of ctxIdx and syntax elements for each slice type in the initialisation process.............cceuene.. 508
Table G-11 - Values of variables m and n for ¢txTdx from 1024 £0 1026......ccciirreiieieie e saeee s 508
Table G-12 - Values of variables m and n for ctxIdx from 1027 t0 1029 .....coiiiiieiiicrcreec e 508
Table G-13 - Syntax elements and associated types of binarization, maxBinIdxCtx, and ctxIdxOffset .........cc.cceenen. 509
Table G-14 - Assignment of ctxIdxInc to binldx for the citxIdxOffset values related to the syntax elements

base_mode flag and residual prediction flag.........ccooiioveeicirieres et 510
Table G-15 — Scalable Baseline profile level IS ........cooiiiio e nene e 516
Table G-16 — Specification of cpbBrVelFactor and cpbBINaAIFACIOL ...........ccovivieeeeeieaireseaeene e eeres s essase e sasnesansens 517
XV1il ITU-T Rec. H.264 (03/2005)

20



Foreword

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T
is responsible for studying technical, operating and tariff questions and issuing Recommendations on them with a view
to standardising telecommunications on a world-wide basis. The World Telecommunication Standardization Assembly
(WTSA), which meets every four years, establishes the topics for study by the ITU-T study groups that, in turn, produce
Recommendations on these topics. The approval of ITU-T Recommendations is covered by the procedure laid down in
WTSA Resolution 1. In some areas of information technology that fall within ITU-T's purview, the necessary standards
are prepared on a collaborative basis with ISO and TEC.

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialised system for world-wide standardisation. National Bodies that are members of ISO and IEC participate in
the development of International Standards through technical committees established by the respective organisation to
deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual
interest. Other international organisations. governmental and non-governmental, in liaison with ISO and IEC, also take
part in the work. In the field of information technology. ISO and TEC have established a joint technical committee,
ISO/TEC JTC 1. 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.

This Recommendation | International Standard was prepared jointly by ITU-T SG 16 Q.6, also known as VCEG (Video
Coding Experts Group), and by ISO/IEC JTC 1/SC 29/WG 11, also known as MPEG (Moving Picture Experts Group).
VCEG was formed in 1997 to maintain prior ITU-T video coding standards and develop new video coding standard(s)
appropriate for a wide range of conversational and non-conversational services. MPEG was formed in 1988 to establish
standards for coding of moving pictures and associated audio for various applications such as digital storage media,
distribution, and communication.

In this Recommendation | International Standard Annexes A through E and G contain normative requirements and are
an integral part of this Recommendation | International Standard.
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ITU-T Recommendation H.264

Advanced video coding for generic audiovisual services

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 varous 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.

03 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.)

0.4 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/TEC 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 (11/2007) 1
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ITU-T Rec. H264 | ISO/IEC 14496-10 version 1 refers to the first approved version of this Recommendation |
International Standard. Version 1 was approved by ITU-T on 30 May 2003. The first published version in ISO/TEC
corresponded to version 1.

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. The first fully-published version in the ITU-T was version 2 as approved by ITU-T on
7 May 2004, due to the development of the corrigendum during the publication process. Version 2 was also published in
integrated form by ISO/TEC.

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". Version 3 was
approved by ITU-T on 1 March 2005.

ITU-T Rec. H.264 | ISO/TEC 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 (2003).
Version 4 was approved by ITU-T on 13 September 2005. In both ITU-T and ISO/IEC, the next complete published
version after version 2 was version 4.

ITU-T Rec. H.264 | ISO/TEC 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. In the ITU-T, the changes for versions 5 and 6 were approved on 13 June 2006 and
were published as a single amendment.

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 mtended 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). Version 7 was
approved by ITU-T on 6 April 2007.

ITU-T Rec. H.264 | ISO/TEC 14496-10 version 8 (the current specification) 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). Version 8 was approved by the ITU-T on 22 November 2007.

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 commmmications. 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.

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 multiphied
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.
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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 codes or arithmetic coding.

Scalable video coding is specified in Annex G of this specification 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.

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
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 fields 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.

ITU-T Rec. H.264 (11/2007) 3
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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 also form an integral part of this Recommendation | International Standard.

Annex A specifies eleven profiles (Baseline, Main, Extended, 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 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. Finally, 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).

Throughout this specification, statements appearing with the preamble "NOTE -" are informative and are not an integral
part of this Recommendation | International Standard.

1 Scope

This document specifies ITU-T Recommendation H.264 | ISO/IEC International Standard ISO/IEC 14496-10 video
coding.

2 Normative references

The following Recommendations and International Standards contain provisions which, through reference in this text,
constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent

4 ITU-T Rec. H.264 (03/2005)

26



edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
valid International Standards. The Telecommunication Standardization Bureau of the TTU maintains a list of currently
valid ITU-T Recommendations.

3

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

—  ISO/IEC 11578:1996, Amnex A, Universal Unique Identifier.
—  ISO/CIE 10527:1991, Colorimetric Observers.

Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply.

31

3.2

3.3

34

3.6

3.7

3.8

39
3.10
31

312

313
3.14

access unit: A set of NAL wunits always containing 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 umits not containing slices or slice data partitions of a coded picture. The
decoding of an access unit always results in a decoded picture.

AC transform coefficient: Any fransform coefficient for which the frequency index m one or both
dimensions is non-zero.

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.

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.

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 i 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 luma samples of the primary coded picture.

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 slice of the same slice group or, in the case of a picfure that 1s 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 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.

auxiliary coded picture: A picfure 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.

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

bin: One bit of a bin string.
binarization: A set of bin strings for all possible values of a synfax element.

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

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.

bi-predictive slice: See B slice.

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.
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333
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block: An MxN (M-column by N-row) array of samples, or an MxN array of transform coefficients.

bottom field: One of two fields that comprise a frame. Each row of a botfom field 1s spatially located
immediately below a corresponding row of a fop field.

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.

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.

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.

byte-aligned: A position in a bifstream 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 bifstream is byte-aligned.

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

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

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. Tt may also be used in a manner determined by the
application to refer to «classes of symfax elements in a manner not specified in this
Recommendation | International Standard.

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.

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

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.

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

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

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 IDR access unit.

component: An array or single sample from one of the three arrays (fuma 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.

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

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 where the first field is not already a paired field.
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3.36

3.37

3.38
3.39

340

341
3.42
3.43

347

3.48
3.49

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 syntax 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.

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

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

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 fop field or a decoded bottom field.

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.

decoder: An embodiment of a decoding process.
decoding order: The order in which synfax elements are processed by the decoding process.

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

direct prediction: An infer 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.

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.

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.

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

encoder: An embodiment of an encoding process.

encoding process: A process, not specified in this Recommendation | International Standard, that produces a
bitstream conforming to this Recommendation | International Standard.

field: An assembly of alternate rows of a frame. A frame is composed of two fields, a fop field and a bottom
field.

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.

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

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

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

frame: A frame contains an array of /uma samples in monochrome format or an array of fuma 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.

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 1s in use, some macroblocks of a coded frame
may be frame macroblocks.

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

frequency index: A one-dimensional or two-dimensional index associated with a fransform coefficient prior
to an inverse transform part of the decoding process.
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hypothetical reference decoder (HRD): A hypothetical decoder model that specifies constraints on the
variability of conforming NAL wunit streams or conforming byte streams that an encoding process may
produce.

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.

I slice: A slice that is not an S7 slice that 1s decoded using intra prediction only.

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.

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

instantaneous decoding refresh (IDR) picture: A coded picture in which all slices are I or SI slices that
causes the decoding process to mark all reference pictures as "unused for reference" immediately after
decoding the IDR picture. After the decoding of an IDR picture all following coded pictures in decoding
order can be decoded without infer prediction from any picture decoded prior to the IDR picture. The first
picture of each coded video sequence is an IDR picture.

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

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

interpretation sample value: A possibly-altered value corresponding to a decoded sample value of an
auxiliary coded picture that may be generated for use i the display process. Interpretation sample values are
not used in the decoding process and have no normative effect on the decoding process.

intra coding: Coding of a block, macroblock, slice, or picture that uses infra prediction.
intra prediction: A prediction derived from the decoded samples of the same decoded slice.
intra slice: See I slice.

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 fransform coefficients are converted into DC fransform
coefficients.

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.

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, level is
the value of a transform coefficient prior to scaling.

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

list 0 (list 1) prediction: Infer prediction of the content of a slice using a reference index pointing into
reference picture list 0 (list 1).

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.

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 mto macroblocks is a
partitioning.

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.
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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 fop macroblock of a macroblock pair 1s 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 macrobilock pair is
the macroblock address of the comresponding fop macroblock plus 1. The macroblock address of the fop
macroblock of each macroblock pair 1s an even number and the macroblock address of the botfom
macroblock of each macroblock pair is an odd number.

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 1s not in use, y 1s incremented by
1 for each macroblock row from top to bottom. When macroblock-adaptive frame/field decoding is in use, y
is mcremented 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.

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 sfice into macroblock pairs is a partitioning.

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
fuma 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.

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.

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.

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.

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

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

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.

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

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

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

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

non-reference field: A field coded with nal ref idc equal to 0.
non-reference frame: A firame coded with nal ref ide equal to 0.

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.

note: A term used to prefix imformative remarks. This term is used exclusively in an informative context.
opposite parity: The opposite parity of top is botfom, and vice versa.
output order: The order in which the decoded pictures are output from the decoded picture buffer.
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P slice: A slice that is not an SP slice that may be decoded using infra prediction or inter prediction using at
most one motion vector and reference index to predict the sample values of each block.

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

parity: The parity of a field can be fop or bottom.

partitioning: The division of a set into subsets such that each element of the set is in exactly one of the
subsets.

picture: A collective term for a field or a frame.

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.

picture order count: A variable having a value that is non-decreasing with increasing picfure position in
output order relative to the previous IDR picture in decoding order or relative to the previous picture
containing the memory management control operation that marks all reference pictures as “unused for
reference™.

prediction: An embodiment of the prediction process.

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

predictive slice: See P slice.

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.

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.

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

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

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.

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.

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 bifs. 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.

recovery point: A point in the bifstream 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.

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.

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.

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

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.

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.

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.

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

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

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/TEC.

residual: The decoded difference between a prediction of a sample or data element and its decoded value.

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 framsform 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.

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 Juma sample array in a frame. Sample
aspect ratio is expressed as /v, where 4 is horizontal width and v is vertical height (in arbitrary units of spatial
distance).

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

sequence parameter set: A synfax 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 synfax element found in the
picture parameter set referred to by the pic_parameter set_id syntax element found in each slice header.

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 synfax 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.

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.

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.

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.

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
sean 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 1s coded using
three separate colour planes, a colour plane identifier.
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3.139

3.140

3.141

3.142

3.143
3.144

3.145

3.146

3.147

3.148

3.149
3.150
3151
3152
3.153

3.154

12

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

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

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

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

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

SP slice: 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 S1 slice.

start code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byfe 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 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.

string of data bits (SODB): A sequence of some number of bits representing synfax 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.

sub-macroblock: One quarter of the samples of a macroblock, 1.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 luma block of which one cormer 1s located at a corner of the macroblock for a monochrome
picture or a picture that is coded using three separate colour planes.

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.

switching I slice: See ST slice.

switching P slice: See SP slice.

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

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

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

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 fop 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.

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.

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 fransform
coefficient value.

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

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.
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3.159  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.

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

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

4 Abbreviations

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

CAVLC  Context-based Adaptive Variable Length Coding

CBR Constant Bit Rate

CPB Coded Picture Buffer

DFB 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

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
VUL Video Usability Information
= Conventions

NOTE — The mathematical operators used in this Specification are similar to those used in the C programming language.
However, integer division and anthmetic shift operations are specifically defined. Numbering and counting conventions
generally begin from 0.
51 Arithmetic operators
The following arithmetic operators are defined as follows.
+ Addition

- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)
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* Multiplication

x7 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.
v

¥
Z f(#) 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 v, defined only for integers x and y with x >= 0 and y > 0.
When order of precedence is not indicated explicitly by use of parenthesis, the following rules apply:
—  multiplication and division operations are considered to take place before addition and subtraction;
—  multiplication and division operations in sequence are evaluated sequentially from left to right:

—  addition and subtraction operations in sequence are evaluated sequentially from left to right.

52 Logical operators

The following logical operators are defined as follows:
x && vy Boolean logical "and" of x and y
x || vy 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

53 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

= 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 0.

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.

x>>y  Arithmetic right shift of a two’s complement integer representation of x by vy 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.
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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.

S5:5 Assignment operators
The following arithmetic operators are defined as follows:

= Assignment operator.

++ Increment. 1.e., x++ 1s equivalent to x = x + 1; when used in an array mdex, evaluates to the value of
the variable prior to the increment operation.

—_— Decrement, i.e., x—— 1s 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
to x=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 =Yy ..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 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)

Cliple(x ) =Clip3( 0. (1 << BitDepthc ) - 1.x) (5-4)
x ; zI<x

Clip3(x.y.z)=dy : z>yp (5-5)
z : otherwise

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

(a%(d /DY) *b; e==0
InverseRasterScan( a, b,c,d, e )= (5-7)
(al(d/b))*c; e==1

Log2( x ) returns the base-2 logarithm of x. (5-8)
Logl0( x ) returns the base-10 logarithm of x. (5-9)
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Median( X, y,z)=x+y+z—Min( x, Min(y, z) ) — Max( x, Max(y,z)) (5-10)

Min(x_.YJ:{X t PSS (5-11)

y : x>y

Max(x,y)={x 3 =7 (5-12)
y : X<y

Round( x ) = Sign( x ) * Floor{ Abs(x)+0.5) (5-13)

Sigﬂ(x)={1 ; x>=0 (5-14)
-1 : x<0

Sart(x )= x (5-15)

5.8 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 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 m 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 are described by their names, which are constructed as syntax element names, 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).

A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix. Arrays can either be
syntax elements or variables. 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]oras 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 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 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 other value
different than zero.
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59 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

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 1a || 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 Ob
—  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
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5.10  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.

The assignment of variables is specified as follows:
— If invoking a process, variables are explicitly assigned to lower case input or output variables of the
process specification in case these do not have the same name.

—  Otherwise (when the variables at the invoking and 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
streamn format 1s conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL umits.
This sequence 1s ordered in decoding order. There are constramnts 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 streamn 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 termmnology 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 wvariables 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 ide, 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 vide
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 infeger 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 ide 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 Amnex E).

NOTE — The shifting of the chroma samples 1s 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 Figure 6-3 and Figure 6-4, respectively.
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Guide:
X — Location of luma sample
O — 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 Figure 6-5 and 6-6, respectively.
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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 (61)

MbHeightC = 16 / SubHeightC (6-2)

6.3 Spatial subdivision of pictures and slices

This subeclause 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 comresponding 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 contams
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.
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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.e., 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.
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The inverse macroblock scanning process is specified as follows.

6.4.2

If MbaffFrameFlag is equal to 0,

x = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples;. 0 )

vy = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 1)

Otherwise (MbaffFrameFlag is equal to 1), the following applies.

x0 = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 0)

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

Depending on the current macroblock the following applies.

— If the current macroblock is a frame macroblock

x=x0

y=yO + ( mbAddr%2) * 16

- Otherwise (the current macroblock is a field macroblock),

x=x0

y=y0 + (mbAddr %2)

Inverse macroblock partition and sub-macroblock partition scanning process

(6-3)

(6-4)

(6-5)

(6-6)

(6-7)

(6-8)

(6-9)

(6-10)

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
1616 luma samples and
associated chroma samples

2 macroblock partitions of
168 luma samples and
associated chroma samples

2 macroblock partitions of
816 luma samples and
associated chroma samples

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

" o | 1
Macroblock
partitions 4 0 1
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 o | 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 mbPartIdx.

Output of this process is the location (x, y) of the upper-left luma sample for the macroblock partition mbPartIdx
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 mndex of a macroblock partition mbPartldx and the index of a sub-macroblock partition
subMbPartIdx.

Output of this process is the location (x,y) of the upper-left luma sample for the sub-macroblock partition
subMbPartIdx 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( subMbPartIdx, SubMbPartWidth( sub mb_type[ mbPartldx ] ).

SubMbPartHeight( sub_mb_type[ mbPartldx ]). 8,0) (6-13)
v = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),
SubMbPartHeight( sub_mb_type[ mbPartldx ]). 8,1) (6-14)
— Otherwise,
x = InverseRasterScan( subMbPartldx. 4, 4, 8, 0) (6-15)
v = InverseRasterScan( subMbPartIdx, 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 luma4x4BlkIdx.

Output of this process is the location (x,y) of the upper-left luma sample for the 4x4 luma block with index

lumadx4BIkIdx relative to the upper-left luma sample of the macroblock.

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

01145
2 (316 (7
8 (91213
10111415

Figure 6-10 — Scan for 4x4 luma blocks

The mverse 4x4 luma block scanning process is specified by

x = InverseRasterScan( luma4x4BIkIdx / 4, 8, 8, 16, 0 ) + InverseRasterScan( lumadx4BlkIdx % 4, 4,4,8.0)

y = InverseRasterScan( luma4x4BlkIdx / 4. 8. 8, 16. 1 ) + InverseRasterScan( luma4x4BlkIdx % 4, 4.4.8.1)

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.

(6-17)

(6-18)

The mverse 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

“lumadx4BlkIdx" with the term “cb4x4BIkIdx™ or the term “crdx4BIkI

6.4.5 Inverse 8x8 luma block scanning process

Input to this process is the index of an 8x8 luma block luma8x8BIkIdx.

™ in all places in subclause 6.4.3.

Output of this process is the location (x,y) of the upper-left luma sample for the 8x8 luma block with index

luma8x8BlkIdx 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 mverse 8x8 luma block scanning process is specified by

x = InverseRasterScan( luma8x8BIkIdx, 8, 8, 16,0)

¥ = InverseRasterScan( luma8x8BlkIdx. 8. 8, 16. 1)
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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 1s 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 “cr8x8BlklIdx” in all places in subclause 6.4.5.
6.4.7  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 one of the following conditions is 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

6.4.8  Derivation process for neighbouring macroblock addresses and their availability
This process can only be invoked when MbaffFrameFlag is equal to 0.

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.

mbAddrD | mbAddrB mbAddrC

mbAddrA | CurMbAddr

Figure 6-12 — Neighbouring macroblocks for a given macroblock

Input to the process in subclause 6.4.7 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 6.4.7 is mbAddrB = CurrMbAddr — PicWidthinMbs and the output is whether the
macroblock mbAddrB is available.

Input to the process in subclause 6.4.7 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.
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Input to the process in subclause 6.4.7 is mbAddrD = CurtMbAddr — PicWidthInMbs - 1 and the output is whether the
macroblock mbAddrD is available. In addition. mbAddrD is marked as mnot available when
CurrMbAddr % PicWidthInMbs is equal to 0.

6.4.9  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.

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

mbAddrD mbAddrB mbAddrC

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

Input to the process in subclause 6.4.7 is mbAddrA = 2 * ( CuerMbAddr/2—1) and the output is whether the
macroblock mbAddrA is available. In addition., mbAddrA is marked as not available when
( CurtMbAddr / 2 ) % PicWidthInMbs is equal to 0.

Input to the process i subclause 6.4.7 1s mbAddiB = 2 * ( CurrMbAddr / 2 — PicWidthInMbs ) and the output is
whether the macroblock mbAddrB is available.

Input to the process in subclause 6.4.7 is mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1) and the output 1s
whether the macroblock mbAddrC is available. In addition, mbAddrC is marked as not available when
( CurtMbAddr / 2 + 1) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.7 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
( CurtMbAddr / 2 ) % PicWidthInMbs is equal to 0.

6.4.10 Derivation processes for neighbouring macroblocks, blocks, and partitions
Subeclause 6.4.10.1 specifies the derivation process for neighbouring macroblocks.
Subclause 6.4.10.2 specifies the derivation process for neighbouring 8x8 luma blocks.

Subelause 6.4.10.3 specifies the derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal
to 3.
Subclause 6.4.10.4 specifies the derivation process for neighbouring 4x4 luma blocks.
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Subclause 6.4.10.5 specifies the derivation process for neighbouring 4x4 chroma blocks.

Subclause 6.4.10.6 specifies the derivation process for neighbouring 4x4 chroma blocks for ChromaArrayType equal
to 3.

Subelause 6.4.10.7 specifies the derivation process for neighbouring partitions.

Table 6-2 specifies the values for the difference of luma location ( XD, yD ) for the mput and the replacement for N in
mbAddrN, mbPartIdxN, subMbPartIdxN. luma8x8BIkIdxN. cb8x8BIkIdxN. cr8x8BIkIdxN, luma4x4BIkIdxN,

cb4x4BIKIdxN, cr4x4BIkIdxN, and chroma4x4BIkIdxN for the output. These input and output assignments are used in
subclauses 6.4.10.1 to 6.4.10.7. The variable predPartWidth is specified when Table 6-2 is referred to.

Table 6-2 — Specification of input and output assignments for subclauses 6.4.10.1 to 6.4.10.7

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)

6.4.10.1 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 and

—  mbAddrB: the address of the macroblock above the current macroblock and its availability status.
mbAddrN (with N being A or B) is derived as follows:

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

—  The derivation process for neighbouring locations as specified in subclause 6.4.11 is invoked for luma locations
with ( XN, yN ) equal to ( xD, yD ), and the output is assigned to mbAddrN.

6.4.10.2 Derivation process for neighbouring 8x8 luma block
Input to this process is an 8x8 luma block index luma8x8BIkIdx.

The luma8x8BIkIdx specifies the 8x8 luma blocks of a macroblock in a raster scan.
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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,

—  luma8x8BIlkIdxA: 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,

—  luma8x8BIkIdxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8BIlkIdx and its
availability status.

mbAddrN and luma8x8BIkIdxN (with N being A or B) are derived as follows.
—  The difference of luma location ( xD, yD ) is set according to Table 6-2.
—  The luma location ( XN, yN ) is specified by

*N = (luma8x8BIkIdx % 2 ) * 8 + xD (6-21)

yN = (luma8x8BlkIdx /2 ) * § + yD (6-22)

—  The derivation process for neighbouring locations as specified in subclause 6.4.11 is invoked for luma locations
with ( XN, yN ) as the input and the output is assigned to mbAddiN and ( xW, yW ).

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

—  Otherwise (mbAddiN is available), the 8x8 luma block in the macroblock mbAddrN covering the luma
location ( XW, yW ) is assigned to luma8x8BIkIdxN.

6.4.10.3 Derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal to 3
This process is only invoked when ChromaAirrayType 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 6.4.10.2 when substituting the term “luma” with the term “Cb” or the term “Cr”,
and substituting the term “luma8x8BlkIdx” with the term “cb8x8BlkIdx™ or the term “cr8x8Blkldx™ in all places in
subclause 6.4.10.2.

6.4.10.4 Derivation process for neighbouring 4x4 luma blocks
Input to this process is a 4x4 luma block index lumadx4BIkIdx.

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,

—  luma4x4BIkIdxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4Blkldx and its
availability status,

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

—  luma4x4BIkIdxB: the index of the 4x4 luma block above the 4x4 block with index luma4x4BIlkIdx and its
availability status.

mbAddrN and lumadx4BIkIdxN (with N being A or B) are derived as follows.
—  The difference of luma location ( xD, yD ) is set according to Table 6-2.

—  The inverse 4x4 luma block scanning process as specified in subclause 6.4.3 1s invoked with luma4x4BlkIdx as the
mput and ( x, y ) as the output.

—  The luma location ( XN, yN ) is specified by

xN=x+xD (6-23)
yN=y+yD (6-24)
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—  The derivation process for neighbouring locations as specified in subclause 6.4.11 is invoked for luma locations
with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

—  The variable luma4x4BIKIdxN is derived as follows:
—  If mbAddrN is not available, luma4x4BIkIdxN is marked as not available.

—  Otherwise (mbAddiN is available), the 4x4 luma block in the macroblock mbAddiN covering the luma
location ( XW, yW ) is assigned to luma4x4BIkIdxN.

6.4.10.5 Derivation process for neighbouring 4x4 chroma blocks
Input to this process is a 4x4 chroma block index chroma4x4BIkIdx.

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,

—  chroma4x4BIkldxA (the index of the 4x4 chroma block to the left of the 4x4 chroma block with mdex
chroma4x4BIkIdx) and its availability status,

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

—  chroma4x4BIkIdxB (the index of the 4x4 chroma block above the 4x4 chroma block with index chroma4x4BlkIdx)
and its availability status.

mbAddrN and chroma4x4BIkIdxN (with N being A or B) are derived as follows:
—  The difference of chroma location ( xD, yD ) is set according to Table 6-2.
—  The position ( X, y ) of the upper-left sample of the 4x4 chroma block with index chroma4x4BIkIdx is derived by

x = InverseRasterScan( chromadx4Blkldx, 4, 4, 8, 0) (6-25)

y = InverseRasterScan( chroma4x4Blkldx, 4. 4. 8,1 ) (6-26)

—  The chroma location ( XN, yN ) is specified by

XN =x+xD (6-27)

yN=y+yD (6-28)

—  The derivation process for neighbouring locations as specified in subclause 6.4.11 1is invoked for chroma locations
with ( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW).

—  The variable chroma4x4BIkIdxN is derived as follows.
—  If mbAddrN is not available, chroma4x4BIkIdxN is marked as not available.

—  Otherwise (mbAddrN is available), the 4x4 chroma block in the macroblock mbAddrN covering the chroma
location ( xW, yW ) is assigned to chromadx4BIkIdxN.

6.4.10.6 Derivation process for neighbouring 4x4 chroma blocks for ChromaArrayType equal to 3
This process is only invoked when ChromaArrayType is equal to 3.

The derivation process for neighbouring 4x4 chroma block in 4:4:4 chroma format is identical to the derivation process
for neighbouring 4x4 luma block as specified in subclause 6.4.10.4 when substituting the term “luma” with the term
“Cb” or the term “Cr”, and substituting the term “luma4x4BIkIdx” with the term “cb4x4BlkIdx™ or the term
“crd4x4BIkIdx™ in all places in subclause 6.4.10.4.

6.4.10.7 Derivation process for neighbouring partitions
Inputs to this process are

— a macroblock partition index mbPartIdx

—  acurrent sub-macroblock type curtSubMbType

—  a sub-macroblock partition index subMbPartIdx
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Outputs of this process are

—  mbAddrA\mbPartldx A\subMbPartldxA: specifying the macroblock or sub-macroblock partition to the left of the
current macroblock and its availability status, or the sub-macroblock partition
CurrMbAddr\mbPartIdx\subMbPartIdx and its availability status,

—  mbAddrB\mbPartldxB\subMbPartIdxB: specifying the macroblock or sub-macroblock partition above the current
macroblock and its availability status. or the sub-macroblock partition CurrMbAddrimbPartldx\subMbPartIdx and
its availability status,

—  mbAddrC\mbPartIdxC\subMbPartIdxC: specifying the macroblock or sub-macroblock partition to the right-above
of the current macroblock and its availability status, or the sub-macroblock partition
CurrMbAddr\mbPartIdx\subMbPartIdx and its availability status,

—  mbAddrD\mbPartIdxD\subMbPartIdxD: specifying the macroblock or sub-macroblock partition to the left-above
of the current macroblock and its availability status, or the sub-macroblock partition
CurrMbAddr\mbPartIdx\subMbPartIdx and its availability status.

mbAddrN, mbPartldxN, and subMbPartldxN (with N being A, B, C, or D) are derived as follows.

—  The inverse macroblock partition scanning process as described in subclause 6.4.2.1 is invoked with mbPartIdx as
the input and ( X, y ) as the output.

—  The location of the upper-left luma sample inside a macroblock partition ( xS, ¥S ) is derived as follows.

— If mb_type is equal to P_8x8, P_8x8ref0 or B_8x8, the inverse sub-macroblock partition scanning process as
described in subclause 6.4.2.2 is invoked with subMbPartIdx as the input and ( xS, ¥S ) as the output.

— Otherwise, ( xS, yS)are setto (0,0).

—  The variable predPartWidth in Table 6-2 is specified as follows.
— Ifmb_typeis equal to P_Skip, B_Skip, or B Direct 16x16, predPartWidth = 16.
— Otherwise, if mb_type is equal to B_8x8, the following applies.

— If currSubMbType is equal to B_Direct 8x8, predPartWidth = 16.
NOTE 1 — When currSubMbType is equal to B Direct 8x8 and direct spatial mv pred flag is equal to 1, the
predicted motion vector is the predicted motion vector for the complete macroblock.

— Otherwise, predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

— Otherwise, if mb_type is equal to P 8x8 or P_8x8refl,
predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartIdx | ).

— Otherwise, predPartWidth = MbPartWidth( mb_type ).
—  The difference of luma location ( XD, yD ) is set according to Table 6-2.
—  The neighbouring luma location ( xN, yN ) is specified by

xN=x +xS +xD (6-29)

yN=y+yS+yD (6-30)

—  The denvation process for neighbouring locations as specified in subclause 6.4.11 is mvoked for luma locations
with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xXW, yW ).

—  Depending on mbAddrN, the following applies.

— If mbAddfN is not available, the macroblock or  sub-macroblock  partition —
mbAddrN\mbPartIdxN\subMbPartIdxN is marked as not available.

— Otherwise (mbAddrN is available), the following applies.

— The macroblock partition in the macroblock mbAddiN covering the luma location ( W, yW ) is assigned
to mbPartIdxN and the sub-macroblock partition inside the macroblock partition mbPartIdxN covering the
sample ( xW, yW )} in the macroblock mbAddrN is assigned to subMbPartIdxN.

— When the partition given by mbPartldxN and subMbPartIdxN is not yet decoded, the macroblock partition
mbPartIdxN and the sub-macroblock partition subMbPartIdxN are marked as not available.
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NOTE 2 — The latter condition is, for example, the case when mbPartldx = 2, subMbPartldx = 3, xD = 4, yD=-1, i.e,,
when neighbour C of the last 4x4 luma block of the third sub-macroblock is requested.

6.4.11 Derivation process for neighbouring locations

Input to this process is a luma or chroma location ( XN, yN ) expressed relative to the upper left comer of the current
macroblock.

Outputs of this process are

— mbAddiN: either equal to CurrtMbAddr or to the address of neighbouring macroblock that contains (xN, yN) and its
availability status,

—  (xW, yW ): the location (xN, yN) expressed relative to the upper-left comer of the macroblock mbAddrN (rather
than relative to the upper-left corner of the current macroblock).

Let maxW and maxH be variables specifying maximum values of the location components xN, xW, and yN. yW,
respectively. maxW and maxH are derived as follows:

—  If this process is invoked for neighbouring luma locations,

maxW =maxH =16 (6-31)

—  Otherwise (this process is invoked for neighbouring chroma locations),

maxW = MbWidthC (6-32)

maxH = MbHeightC (6-33)

Depending on the variable MbaffFrameFlag, the neighbouring locations are derived as follows:

—  If MbaffFrameFlag is equal to 0, the specification for neighbouring locations in fields and non-MBAFF frames as
described in subclause 6.4.11.1 is applied.

—  Otherwise (MbaffFrameFlag is equal to 1), the specification for neighbouring locations in MBAFF frames as
described in subclause 6.4.11.2 1s applied.

6.4.11.1 Specification for neighbouring locations in fields and non-MBAFF frames
The specifications in this subclause are applied when MbaffFrameFlag is equal to 0.

The derivation process for neighbouring macroblock addresses and their availability in subclause 6.4.8 is invoked with
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

Table 6-3 specifies mbAddrN depending on ( XN, yN ).

Table 6-3 — Specification of mbAddrN

xN yN mbAddrN
<0 <0 mbAddrD
<0 0. maxH-1 mbAddrA
0 .. maxW - 1 <0 mbAddiB

0 .. maxW -1 0. maxH-1 CurrMbAddr

> maxW - 1 <0 mbAddrC
> maxW - 1 0. maxH-1 not available
>maxH - 1 not available
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The neighbouring location ( XW, yW ) relative to the upper-left corner of the macroblock mbAddrN is derived as

W = ( xN + maxW ) % maxW (6-34)
yW =( yN + maxH ) % maxH (6-35)

6.4.11.2 Specification for neighbouring locations in MBAFF frames
The specifications in this subclause are applied when MbaffFrameFlag is equal to 1.

The derivation process for neighbouring macroblock addresses and their availability in subclause 6.4.9 is invoked with
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

Table 6-4 specifies the macroblock addresses mbAddiN and yM in two ordered steps:
1. Specification of a macroblock address mbAddrX depending on ( xN, yN ) and the following variables:
—  The variable currtMbFrameFlag is derived as follows.
- If the macroblock with address CurrMbAddr is a frame macroblock, currMbFrameFlag is set equal to 1,

—  Otherwise (the macroblock with address CurrMbAddr is a field macroblock). currMbFrameFlag is set
equal to 0.

—  The variable mbIsTopMbFlag is derived as follows.

— If the macroblock with address CurrMbAddr is a top macroblock (CurrMbAddr % 2 is equal to 0),
mbIsTopMbFlag is set equal to 1;

—  Otherwise (the macroblock with address CurrMbAddr is a bottom macroblock, CurrtMbAddr % 2 is
equal to 1), mbIsTopMbFlag is set equal to 0.

2. Depending on the availability of mbAddiX, the following applies:
—  If mbAddrX is not available, mbAddrN is marked as not available.

—  Otherwise (mbAddrX is available), mbAddrN is marked as available and Table 6-4 specifies mbAddrN and
yM depending on (xN, yN ), currMbFrameFlag, mbIsTopMbFlag, and the variable mbAddrXFrameFlag,
which is derived as follows.

- If the macroblock mbAddrX is a frame macroblock, mbAddrXFrameFlag is set equal to 1,
- Otherwise (the macroblock mbAddrX is a field macroblock), mbAddrXFrameFlag is set equal to 0.

Unspecified values (na) of the above flags in Table 6-4 indicate that the value of the corresponding flag is not relevant
for the current table rows.
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Table 6-4 — Specification of mbAddrN and yM

&
=] =1
=] m 1]
=18 ) =
S5l= g 2
o) g 8
| &
T 3 z
SHE 3 3 = 3
> z E|= 3 3 5 2 s
» = o I =) g k] £ >
1 |mbAddrD mbAddrD+1 |yN
1 1 mbAddrA yN
0 mbAddrA 0 mbAddrA +1 [(yN+maxH)>>1
<0 =0
1 mbAddrD +1 |2¥yN
1 |mbAddrD
o LI 0 mbAddrD _ |yN
0 JmbAddrD mbAddrD+1 [yN
1 mbAddrA vN
1 |mbAddrA 0 YN%2== mbAddrA yN >> 1
yN %2 !1=0 mbAddrA +1 [yN=>>1
1 1 mbAddrA + 1 |yN
0 |mbAddrA YN %2== mbAddrA (yN +maxH )>>1
0 [yN%21=0 mbAddrA + 1 |(yN + maxi ) >> 1
<0 0..maxH-1 ] yN < (maxH/2) |mbAddrA yN =<1
1 JmbAddrA yN >= (maxH /2 JjmbAddrA +1 [(yN <<l ) - maxH
0 mbAddrA yN
0 YN < (maxH/2 ) |mbAddrA (YN==1)+1
0 |mbAddrA |1 [{N>=(maxH/2 )JmbAddrA +1 |(yN<<l)+ 1 —maxH
0 mbAddrA +1 |yN
1 |mbAddrB mbAddrB +1 |[yN
L Jo [cunMbAddr CurtMbAddr - 1[yN
0. maxW—1l<o mbAddrB+1 |2 *yN
1 |mbAddiB
o | I 0 mbAddrB YN
0 |mbAddB mbAddiB+ 1 |[yN
0. maxW—1|0. maxH-1 CurrMbAddr| CurrMbAddr  |yN
1 JmbAddrC mbAddrC+1 |yN
1 [0 Jnot available not available  |na
>maxW—1 |<0 1 mbAddrC +1 |2 *yN
1 |mbAddrC
o | I 0 mbAddrC YN
0 |mbAddrC mbAddrC+1 |yN
>maxW—1 [0. maxH-1 not available not available na
=>maxH - 1 not available not available  |na

The neighbouring luma location ( xW, yW ) relative to the upper-left corner of the macroblock mbAddrN is derived as

XW = (2N + maxW ) % maxW (6-36)
yW =( yM + maxH ) % maxH (6-37)
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7 Syntax and semantics
71 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the syntax may be
specified, either directly or indirectly, in other clauses.
NOTE — An actual decoder should implement means for identifying entry points into the bitstream and means to identify and

handle non-conforming bitstreams. The methods for identifying and handling errors and other such situations are not specified
here.

The following table lists examples of pseudo code used to describe the syntax. When syntax element appears, it
specifies that a syntax element is parsed from the bitstream and the bitstream pointer is advanced to the next position
beyond the syntax element in the bitstream parsing process.

C | Descriptor

/* A statement can be a syntax element with an associated syntax category and
descriptor or can be an expression used to specify conditions for the existence,
type. and quantity of syntax elements, as in the following two examples */

syntax_element 3 | ue(v)

conditioning statement

/* A group of statements enclosed in curly brackets is a compound statement and
is treated functionally as a single statement. */

{

statement

statement

/* A “while” structure specifies a test of whether a condition is true, and if true,
specifies evaluation of a statement (or compound statement) repeatedly until the
condition is no longer true */

while( condition )

statement

/* A “do ... while” structure specifies evaluation of a statement once, followed by
a test of whether a condition is true, and if true, specifies repeated evaluation of
the statement until the condition is no longer true */

do

statement

while( condition )

/* An “if ... else” structure specifies a test of whether a condition is true, and if
the condition is true, specifies evaluation of a primary statement, otherwise,
specifies evaluation of an alternative statement. The “else™ part of the structure
and the associated alternative statement 1s ommtted if no alternative statement
evaluation is needed */
if( condition )

primary statement

else

alternative statement

/* A “for” structure specifies evaluation of an initial statement, followed by a test
of a condition, and if the condition is true, specifies repeated evaluation of a
primary statement followed by a subsequent statement until the condition is no
longer true. */

for( initial statement; condition; subsequent statement )

primary statement
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7.2 Specification of syntax functions, categories, and descriptors

The functions presented here are used in the syntactical description. These functions 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.

byte aligned( ) is specified as follows:

—  If the current position in the bitstream is on a byte boundary, 1.e., the next bit in the bitstream is the first bit in a
byte, the return value of byte aligned() is equal to TRUE.

—  Otherwise, the return value of byte_aligned( ) is equal to FALSE.

more data in byte stream( ), which is used only in the byte stream NAL unit syntax structure specified in Annex B, is
specified as follows:

— If more data follow in the byte stream, the return value of more_data_in byte stream( ) is equal to TRUE.
—  Otherwise, the return value of more_data_in_byte stream( ) is equal to FALSE.
more_rbsp_data( ) is specified as follows:

—  If there is more data in an RBSP before rbsp_trailing_bits( ), the return value of more rbsp_data( ) is equal to
TRUE.

—  Otherwise, the return value of more_rbsp_data( ) is equal to FALSE.

The method for enabling determination of whether there is more data in the RBSP is specified by the application
(or in Annex B for applications that use the byte stream format).

more rbsp trailing data( ) is specified as follows:
—  If there is more data in an RBSP, the return value of more rbsp_trailing data( ) is equal to TRUE.
—  Otherwise, the return value of more rbsp trailing data( ) is equal to FALSE.

next bits( n ) provides the next bits in the bitstream for comparison purposes, without advancing the bitstream pointer.
Provides a look at the next n bits in the bitstream with n being its argument. When used within the byte stream as
specified in Annex B, next_bits( n ) returns a value of 0 if fewer than n bits remain within the byte stream.

read_bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions. When n 1s
equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream pointer.

Categories (labelled in the table as C) specify the partitioning of slice data into at most three slice data partitions. Slice
data partition A contains all syntax elements of category 2. Slice data partition B contains all syntax elements of
category 3. Slice data partition C contains all syntax elements of category 4. The meaning of other category values is
not specified. For some syntax elements, two category values, separated by a vertical bar, are used. In these cases, the
category value to be applied is further specified in the text. For syntax structures used within other syntax structures, the
categories of all syntax elements found within the included syntax structure are listed, separated by a vertical bar. A
syntax element or syntax structure with category marked as "All" is present within all syntax structures that include that
syntax element or syntax structure. For syntax structures used within other syntax structures, a numeric category value
provided in a syntax table at the location of the inclusion of a syntax structure containing a syntax element with
category marked as "All" is considered to apply to the syntax elements with category "All".

The following descriptors specify the parsing process of each syntax element. For some syntax elements, two
descriptors, separated by a wvertical bar, are used. In these cases, the left descriptors apply when
entropy_coding mode flag is equal to 0 and the right descriptor applies when entropy_coding mode flag is equal to 1.

— ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is
specified in subclause 9.3.

—  b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is specified by the
return value of the function read bits( 8 ).

— ce(v): context-adaptive variable-length entropy-coded syntax element with the left bit first. The parsing process
for this descriptor 1s specified in subclause 9.2.

— f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing process
for this descriptor is specified by the return value of the function read bits(n ).
— i(n): signed integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner

dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the
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7.3

7.3.1

7.3.2

7.3.2.1

return value of the function read bits( n ) interpreted as a two’s complement integer representation with most
significant bit written first.

me(v): mapped Exp-Golomb-coded syntax element with the left bit first. The parsing process for this descriptor
is specified in subclause 9.1.

se(v): signed integer Exp-Golomb-coded syntax element with the left bit first. The parsing process for this
descriptor is specified in subclause 9.1.

te(v): truncated Exp-Golomb-coded syntax element with left bit first. The parsing process for this descriptor is
specified in subclause 9.1.

u(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor i1s specified by the
return value of the function read bits(n) interpreted as a binary representation of an unsigned integer with
most significant bit written first.

ue(v): unsigned integer Exp-Golomb-coded syntax element with the left bit first. The parsing process for this
descriptor is specified in subclause 9.1.

Syntax in tabular form

NAL unit syntax

nal_unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero bit All | f(1)
nal ref ide All | u(2)
nal unit type All | u(5)

NumBytesInRBSP =0

nalUnitHeaderBytes = 1

if( nal unit type == 14 || nal unmt_type == 20) {

nal unit header sve extension() /* specified in Annex G */

nalUnitHeaderBytes += 3

}

for( i = nalUnitHeaderBytes; i < NumBytesInNALunit; i++) {

1f( 1 +2 < NumBytesInNATunit && next bits( 24 ) == 0x000003 ) {

rbsp_byte[ NumBytesInRBSP++ ] All | b(8)

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

1+=2

emulation_prevention_three byte /* equal to 0x03 */ All | f(8)
1 else

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

Raw byte sequence payloads and RBSP trailing bits syntax

Sequence parameter set RBSP syntax
seq parameter set thsp() { C | Descriptor
seq parameter_set data( ) 0
tbsp_trailing bits( )
}
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7.3.2.1.1 Sequence parameter set data syntax

seq parameter set data() { C | Descriptor
profile idc 0 | u®)
constraint set0 flag 0 | u(l)
constraint_setl flag 0 | u)
constraint_set2 flag 0 | ul)
constraint_set3 flag 0 | ul)
reserved_zero_ 4bits /* equal to 0 */ 0 | v
level idc 0 | u(®)
seq parameter_set id 0 | ue(v)
if( profile_idc == 100 || profile ide == 110 ||
profile idc == 122 || profile idc == 244 || profile idec == 44 ||
profile ide == 83 || profile idc == 86) {
chroma_ format idc 0 | ue(v)
if( chroma format ide == 3)
separate_colour plane flag 0 [ u(l)
bit depth luma minus8 0 | ue(v)
bit_depth _chroma minus8 0 | ue(v)
qpprime_y zero_transform bypass flag 0 | u)
seq scaling matrix present flag 0 | u(l)
if( seq_scaling matrix_present flag )
for(i=0;1<(( chroma format ide '= 3)?8:12);i++) {
seq scaling list present flag[1] 0 | u(l)
if( seq_scaling_list present flag[i])
if(i<6)
scaling list( Scalinglistdx4[ 1], 16, 0
UseDefaultScalingMatrix4x4Flag| 1 ])
else
scaling_list( ScalingList8x8[ i— 6 ], 64, 0
UseDefaultScalingMatrix8x8Flag[ i— 6 ])
}
¥
log2 max frame num minus4 0 | ue(v)
pic_order_cnt_type 0 | ue(v)
if( pic_order cnt type == 0)
log2 max pic_order cnt Isb minus4 0 | ue(v)
else if( pic_order_cnt_type == 1) {
delta_pic_order always zero flag 0 | u)
offset for mon ref pic 0 | se(v)
offset_for top to_ bottom field 0 | se(v)
num ref frames in pic_order cnt cycle 0 | ue(v)
for(1=0;1<num ref frames in pic order cnt cycle; i++)
offset_for ref frame[1] 0 | se(¥)
}
num ref frames 0 | ue(v)
gaps_in_frame num value allowed_flag 0 | ul)
pic_width_in_mbs_minusl 0 | ue(v)
pic_height in map units minusl 0 | ue(v)
frame_mbs_only flag 0 | ul)
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if( 'frame_mbs only flag)
mb_adaptive frame field flag 0 | ul)
direct 8x8 inference flag 0 | u)
frame cropping_flag 0 | u)
if( frame cropping_flag ) {
frame crop left offset 0 | ue(v)
frame crop right offset 0 | ue(v)
frame crop top_offset 0 | ue(v)
frame crop bottom_offset 0 | ue(v)
¥
vui_parameters_present flag 0 | uw)
if( vui_parameters_present_flag )
vui_parameters( ) 0
3
7.3.2.1.1.1 Scaling list syntax
scaling list( scalingList, sizeOfScalingList, useDefaultScalingMatrixFlag ) { C | Descriptor

lastScale = 8

nextScale =8

for(j = 0; j < sizeOfScalinglist; j++) {

if( nextScale '=0) {

delta_scale 01 | se(v)

nextScale = ( lastScale + delta_scale + 256 ) % 256

useDefaultScalingMatrixFlag = (j == 0 && nextScale == 0)

}

scalingList] j ] = ( nextScale == 0) ? lastScale : nextScale

lastScale = scalingList[ j ]

7.3.2.1.2 Sequence parameter set extension RBSP syntax

seq_parameter set extension rbsp() { C Descriptor
seq parameter set id 10 | uve(v)
aux_format ide 10 | ue(v)
if( aux_format ide != 0) {
bit_depth_aux minus8 10 | uve(v)
alpha_incr flag 10 | wl)
alpha_opaque value 10 | u(w)
alpha_transparent value 10 | u)
j
additional_extension_flag 10 | wl)
rbsp_trailing_bits() 10
}
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7.3.2.2

42

Picture parameter set RBSP syntax

pic_parameter set rbsp( ) { C | Descriptor
pic_parameter set id 1 | ue(v)
seq parameter set id 1 | ue(v)
entropy_coding mode flag 1] u(l)
pic_order present flag 1] u(l)
num_slice_groups minusl 1 | ue(v)
if( num _slice groups minusl =0 ) {
slice_group_map_type 1 | ue(v)
if{ slice_group map type == 0)
for( iGroup = 0; iGroup <= num _slice groups_minus1; iGroup++)
run_length_minus1[ iGroup ] 1 | ue(v)
else if{ slice_group map type == 2)
for( iGroup = 0; iGroup < num _slice groups_minus1; iGroup++) {
top_left] iGroup ] 1 | ue(v)
bottom_right[ iGroup ] 1 | ue(v)
}
else if( slice group map type == 3 ||
slice_group map type == 4 ||
slice group map type == 5) {
slice_group change direction flag 1 | o)
slice_group change rate minusl 1 | ue(v)
} else if{ slice_group map type == 6) {
pic_size in_map units_minusl 1 | ue(v)
for(i=0;1<=pic_size in_map units minusl; i++)
slice group id[1] 1 | u)
)
}
num_ref idx 10_active minusl 1 | ue(v)
num_ref idx 11_active minusl 1 | ue(v)
weighted pred flag 1 | u(l)
weighted_bipred idc 1 | u?2)
pic_init gp minus26 /* relative to 26 */ 1 | se(v)
pic_init_gs minus26 /* relative to 26 */ 1 | se(v)
chroma_gqp_index offset 1 | se()
deblocking_filter control present flag 1| u(l)
constrained intra pred flag 1 ]| u(l)
redundant _pic_cnt_present flag 1 | ()
if( more rbsp data()) {
transform 8x8 mode flag 1 ]| u(l)
pic_scaling matrix_present flag 1 | ()
if( pic_scaling_matrix_present flag )
for(1=0;1<6+
( (chroma_format ide '= 3)?2:6) * transform 8x8 mode flag;
i+ ) {
pic_scaling list present flag[i] 1| u(l)

if( pic_scaling_list present flag[i])

H(i<6)
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7.3.2.3

7.3.2.3.1 Supplemental enhancement information message syntax

scaling_list( ScalingList4x4[ i ], 16, 1
UseDefaultScalingMatrix4x4Flag[ 1])
else
scaling_list( ScalingList8x8[ i— 6 ], 64, 1
UseDefaultScalingMatrix8x8Flag[ i—6 ])
}
second chroma qp_index offset 1 | se(v)
¥
rbsp trailing bits( ) 1
3

Supplemental enhancement information RBSP syntax

sei rbsp() {

C | Descriptor

do

sei_message( ) 5
while( more rbsp data() )
tbsp_trailing bits( ) 5

sei_message( ) {

C | Descriptor

payloadType =0

while( next bits(8) == 0xFF ) {

ff byte /* equal to OXFF */

5 | f8)

payloadType += 255

}

last_payload type byte

5 | uw@®)

payloadType += last_payload_type byte

payloadSize =0

while( next bits(8) == 0xFF ) {

ff byte /* equal to OxFF */

s | £8)

payloadSize += 255

}

last_payload_size byte

5 | uw@®

payloadSize += last_payload size byte

sei_payload( payloadType, payloadSize )

7.3.2.4 Access unit delimiter RBSP syntax

access unit delimiter rbsp() {

C | Descriptor

primary_pic_type

u(3)

thsp_trailing_bits( )

=23 =\
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7.3.2.5

7.3.2.6

7.3.2.7

7.3.2.8

7.3.2.9

End of sequence RBSP syntax

end of seq rbsp() {

Descriptor

}

End of stream RBSP syntax

end of stream rbsp() {

Descriptor

3

Filler data RBSP syntax

filler data rbsp() {

Descriptor

while( next bits( 8 ) == O0xFF)

ff byte /* equal to OxFF */

(8)

rbsp trailing bits( )

Slice layer without partitioning RBSP syntax

slice layer without partitioning_rbsp( ) {

Descriptor

slice_header( )

slice data( ) /* all categories of slice data( ) syntax */

2134

tbsp slice_trailing_ bits( )

Slice data partition RBSP syntax

7.3.2.9.1 Slice data partition A RBSP syntax

slice data partition_a layer rbsp() {

Descriptor

slice_header( )

slice_id

ue(v)

slice data() /* only category 2 parts of slice data( ) syntax */

tbsp slice_trailing_ bits( )
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7.3.2.9.2 Slice data partition B RBSP syntax

slice data partition b _layer rbsp() { C | Descriptor
slice_id All | ue(v)
if( separate_colour plane flag == 1)
colour plane id All | u(2)
if( redundant pic_ent present flag)
redundant_pic_cnt All | ve(v)
slice_data() /* only category 3 parts of slice_data( ) syntax */
thsp_slice_trailing_bits( )
3
7.3.2.9.3 Slice data partition C RBSP syntax
slice data partition c layer rbsp() { C | Descriptor
slice_id All | ve(v)
if( separate_colour plane flag == 1)
colour plane id All | u(2)
if( redundant pic_cnt present flag)
redundant_pic_cnt All | ue(v)
slice data( ) /* only category 4 parts of slice data( ) syntax */ 4
tbsp_slice_trailing_ bits( ) 4
}
7.3.2.10 RBSP slice trailing bits syntax
rbsp_slice trailing bits() { C | Descriptor
rbsp trailing bits( ) All
if( entropy_coding_mode flag)
while( more_rbsp_trailing_data( ) )
cabac zero word /* equal to 0x0000 */ All | f(16)
3
7.3.2.11 RBSP trailing bits syntax
rbsp_trailing bits( ) { C | Descriptor
rbsp_stop_omne_ bit /* equalto 1 */ All | f(1)
while( 'byte aligned())
rbsp_alignment zero bit /* equal to 0 */ All | (1)
)
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7.3.3

46

Slice header syntax

slice_header( ) { C | Descriptor
first mb_in_slice 2 | ue(v)
slice_type 2 | ue(w)
pic_parameter set id 2 | ue(»)
if( separate_colour plane flag == 1)
colour plane id 2 | u?2)
frame num 2 |uw)
if( !frame_mbs_only flag) {
field pic_flag 2 | uw(l)
if( field pic_flag)
bottom field flag 2 | u(l)
¥
if( nal unit type == 5)
idr_pic id 2 | ue()
if( pic_order ent type == 0) {
pic_order_cnt_Isb 2 |[uw)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt_bottom 2 se(v)
¥
if( pic_order cnt type ==1 && !delta_pic_order always zero flag) {
delta_pic_order_cnt[ 0] 2 | se(v)
if( pic_order present flag && !field pic flag)
delta_pic order cnt[ 1] 2 | se(v)
¥
if({ redundant_pic_cnt present flag)
redundant_pic_cnt 2 | ue(v)
if( slice type == B)
direct_spatial mv_pred flag 2 |uwl)
if( slice type == P || slice type == SP || slice type == B) {
num_ref idx active override flag 2 |ul)
if{ num_ref idx active override flag) {
num_ref idx 10 active minusl 2 | ue(w)
if{ slice type == B)
num_ref idx 11 _active minusl 2 | ue()
}
¥
ref pic list reordering() 2
if{ (weighted pred flag && (slice type == P || slice type == SP)) ||
( weighted bipred idc == 1 && slice type == B))
pred weight table( ) 2
if( nal_ref ide!'=0)
dec_ref pic_marking( ) 2
if( entropy_coding mode flag && slice type '= I && slice type '= SI)
cabac_init idc ue(v)
slice_gp_delta se(v)

if( slice type == SP || slice type == SI) {
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7.3.3.1

if( slice_type == SP)
sp_for switch flag u(l)
slice_gs_delta se(v)
}
if( deblocking_filter control present flag) {
disable_deblocking_filter idc 2 | ue®®)
if( disable_deblocking_filter ide '= 1) {
slice_alpha_c0_offset_div2 se(v)
slice_beta_offset_div2 se(v)
}
¥
if{ num_slice groups minusl >0 &&
slice_group map type >=3 && slice group map type <=5)
slice group change cycle 2 |u)
¥
Reference picture list reordering syntax
ref pic list reordering( ) { C | Descriptor
if( slice type % 5 '= 2 && slice type% 5 '= 4) {
ref pic_list reordering flag 10 2 | u(l)
if( ref pic list reordering flag 10)
do {
reordering of pic_nums_ide 2 | ue(v)
if( reordering of pic nums idec == 0 ||
reordering of pic nums idc == 1)
abs_diff pic_num_minusl 2 ue(v)
else if( reordering of pic nums ide == 2)
long_term_pic_num 2 | ue(w)
} while( reordering_of pic nums idc != 3)
j
if( slice type% 5 == 1) {
ref pic list reordering flag 11 2 | uwl)
if( ref pic list reordering flag 11)
do {
reordering of pic nums_ide 2 | ue(v)
if( reordering of pic nums idec == 0 ||
reordering of pic nums idc == 1)
abs_diff pic_num_minusl 2 ue(v)
else if{ reordering_of pic nums _ide == 2)
long_term_pic_num 2 | ue(v)
} while( reordering_of pic nums idc !'= 3)
}
¥
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7.3.3.2
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Prediction weight table syntax

pred_weight table() { Descriptor
luma_log2 weight denom ue(v)
if{ ChromaArrayType != 0)
chroma_log2 weight denom ue(v)
for(i=0;1i<=num ref idx 10 active minusl; it++) {
luma_weight 10 flag u(l)
if( luma_weight 10 flag) {
luma_weight 10[i] se(v)
luma_offset 10[ 1] se(V)
¥
if ( ChromaArrayType '= 0) {
chroma_weight 10 flag u(l)
if( chroma_weight 10 flag)
for(j=0;j<2:j++) {
chroma_weight 10[1][;] se(V)
chroma_offset 10[i][;] se(v)
}
¥
¥
if( slice type% 5 == 1)
for(1=0;1<=num ref idx 11_active minusl:it++) {
luma_weight_11_flag u(l)
if( luma weight 11 flag) {
luma_weight 11[1] se(v)
luma_offset 11[i] se(v)
}
if( ChromaArrayType != 0) {
chroma_weight 11 flag u(l)
if( chroma weight 11 flag)
for(j=0:j<2:j+) {
chroma_weight 11[i][j] se(V)
chroma offset 11[1][;] se(v)
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7.3.3.3

Decoded reference picture marking syntax

dec_ref pic_marking() { C | Descriptor
if{ IdrPicFlag ) {
no output of prior pics flag 215 | u(l)
long_term reference flag 215 | wl)
telse {
adaptive ref pic_marking mode flag 215 | w(l)
if( adaptive ref pic marking mode flag)
do {
memory_management_control_operation 215 | uve(v)
if( memory management control operation == 1 ||
memory management control operation == 3)
difference of pic nums minusl 2|5 | ve(v)
if(memory_management_control_operation == 2 )
long_term pic num 215 | ve(v)
if( memory management control operation == 3 ||
memory management control operation == 6)
long_term frame idx 2|5 | ve(v)
if( memory management control operation == 4)
max_long term frame idx plusl 2|5 | ve(v)
} while( memory management control operation != 0)
}
}
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734

50

Slice data syntax

slice data() {

Descriptor

if( entropy_coding_mode flag)

while( !byte aligned( ))

cabac_alignment one bit

1)

CurrMbAddr = first mb_in_slice * ( 1 + MbaffFrameFlag )

moreDataFlag = 1

prevMbSkipped = 0

do |

if( slice type '= I && slice type !'= SI)

if( 'entropy_coding_mode flag) {

mb skip run

ue(v)

prevMbSkipped = (mb_skip run>0)

for(i=0; i<mb_skip_run; i++)

CurrMbAddr = NextMbAddress( CurrMbAddr )

moreDataFlag = more rbsp_data( )

} else {

mb_skip flag

ae(v)

moreDataFlag = !mb_skip flag

}

1f( moreDataFlag ) {

if{ MbaffFrameFlag && ( CurrMbAddr %62 == 0 ||
( CurtMbAddr % 2 == 1 && prevMbSkipped ) ) )

mb_field decoding flag

u(l) | ae(v)

macroblock layer( )

2134

}

if( 'entropy_coding mode flag)

moreDataFlag = more rbsp data()

else {

if( slice_type !'= I && slice type != SI)

prevMbSkipped =mb skip flag

if{ MbaffFrameFlag && CurMbAddr%2 == 0)

moreDataFlag = 1

else {

end of slice flag

ae(v)

moreDataFlag = 'end of slice flag

}

CurrMbAddr = NextMbAddress( CurrMbAddr )

} while( moreDataFlag )
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7.3.5

Macroblock layer syntax

macroblock layer() {

Descriptor

mb_type

%]

ue(v) | ae(v)

if{ mb type ==1 PCM) {

while( 'byte_aligned())

pcm_alignment _zero_bit

f(1)

for(1=0;1<256; 1+t+)

pcm_sample luma[i]

u(v)

for(i=0;1<2 * MbWidthC * MbHeightC; i++)

pcm_sample chroma[i]

u(v)

}else {

noSubMbPartSizeLessThan8x8Flag = 1

if{ mb_type !'= I NxN &&
MbPartPredMode( mb_type, 0) '= Intra 16x16 &&
NumMbPart( mb type) == 4) {

sub_mb pred(mb_type)

(]

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++)

if( sub_mb_type[ mbPartldx | != B _Direct 8x8) {

if( NumSubMbPart( sub_mb_type[ mbPartldx ]) > 1)

noSubMbPartSizel essThan8x8Flag = 0

} else if{ !direct 8x8 inference flag)

noSubMbPartSizeLessThan8x8Flag = 0

telse {

if( transform 8x8 mode flag && mb type == I NxN)

transform_size 8x8 flag

u(l) | ae(v)

mb pred( mb_type)

[SS ] BN oS

}

if{ MbPartPredMode( mb_type, 0) != Intra_16x16) {

coded_block pattern

3]

me(v) | ae(v)

if( CodedBlockPatternLuma = 0 &&
transform 8x8 mode flag && mb type '= I NxN &&
noSubMbPartSizeLessThan8x8Flag &&

(mb _type != B Direct 16x16 || direct 8x8 inference flag))

transform size 8x8 flag

3]

u(1) | ae(v)

}

if{ CodedBlockPatternLuma >0 || CodedBlockPatternChroma >0 ||

MbPartPredMode( mb _type, 0) == Intra 16x16) {

mb qp delta

(%]

se(v) | ae(v)

residual( 0, 0, 15)
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7.3.5.1

52

Macroblock prediction syntax

mb_pred(mb_type ) {

Descriptor

if( MbPartPredMode( mb_type, 0) == Intra_4x4 ||
MbPartPredMode( mb_type, 0) == Intra 8x8 ||
MbPartPredMode( mb type, 0) == Infra 16x16) {

1f{ MbPartPredMode( mb_type, 0 ) == Intra 4x4 )

for( luma4x4BIkIdx=0; luma4x4BlkIdx<16; lumadx4BlkIdx++) {

prev_intradx4 pred mode flag[ luma4x4BIkIdx |

[S8]

u(l) | ae(v)

if( !prev_intradx4 pred mode flag[ luma4x4BlklIdx ] )

rem_intra4x4 pred mode[ lumadx4BlkIdx ]

[

u(3) | ae(v)

}

if{ MbPartPredMode( mb_type, 0) == Intra_8x8 )

for( luma8x8BlkIdx=0; luma8x8BlkIdx<4; luma8x8BlkIdx++) {

prev_intra8x8 pred _mode flag[ luma8x8BIkIdx |

u(1) | ae(v)

if( 'prev_intra8x8 pred mode flag] luma8x8BIkIdx ])

rem_intra8x8 pred mode[ luma8x8BIkIdx ]

u(3) | ae(v)

}

if{ ChromaArrayType == 1 ||
ChromaArrayType == 2)

intra_chroma_pred mode

ue(v) | ae(v)

} else if{ MbPartPredMode( mb_type, 0) != Direct) {

for{ mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartIdx++)

i (num_ref idx 10 active minusl >0 ||
mb_field decoding flag ) &&
MbPartPredMode( mb type, mbPartldx ) '= Pred L1)

ref idx 10[ mbPartldx |

te(v) | ae(v)

for( mbPartTdx = 0; mbPartTdx < NumMbPart( mb_type ); mbPartIdx++)

if( (num ref idx 11 active muinusl = 0 ||
mb field decoding flag ) &&
MbPartPredMode( mb_type, mbPartldx ) '= Pred 10)

ref idx 11[ mbPartldx |

te(v) | ae(v)

for( mbPartTdx = 0; mbPartTdx < NumMbPart( mb_type ); mbPartIdx++)

if( MbPartPredMode ( mb_type, mbPartldx ) != Pred 1.1)

for( compIdx = 0; compldx < 2; compIdx++)

mvd_10] mbPartIdx ][ 0 ][ compIdx ]

se(v) | ae(v)

for( mbPartTdx = 0; mbPartTdx < NumMbPart( mb_type ); mbPartIdx++)

if( MbPartPredMode( mb_type, mbPartldx ) = Pred LO)

for( compldx = 0; compldx < 2; compldx++)

mvd_11] mbPartIdx ][ 0 ][ compIdx ]

se(v) | ae(v)
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7.3.5.2

Sub-macroblock prediction syntax

sub_mb pred( mb type) {

Descriptor

for( mbPartIdx = 0; mbPartldx < 4; mbPartIdx++ )

sub mb type[ mbPartldx |

2

ue(v) | ae(v)

for( mbPartldx = 0; mbPartldx < 4; mbPartIdx++ )

if( (num_ref idx 10 active minusl > 0 || mb_field decoding_flag) &&

mb type != P 8x8refl &&
sub mb type[ mbPartldx | != B Direct 8x8 &&
SubMbPredMode( sub mb type[ mbPartldx ]) '= Pred 1L.1)

ref idx 10[ mbPartIdx |

te(v) | ae(v)

for( mbPartIdx = 0; mbPartldx < 4; mbPartIdx++ )

i (num ref idx 11 active minusl > 0 || mb field decoding flag ) &&

sub mb type] mbPartldx | != B Direct 8x8 &&
SubMbPredMode( sub mb type[ mbPartldx ]) != Pred 1L0)

ref idx 11[ mbPartldx |

te(v) | ae(v)

for( mbPartldx = 0; mbPartldx < 4; mbPartIdx++ )

if( sub_mb_type[ mbPartldx | '= B Direct 8x8 &&
SubMbPredMode( sub mb type[ mbPartldx ]) != Pred L1)

for( subMbPartIdx = 0;

subMbPartIdx < NumSubMbPart( sub_mb_type[ mbPartIdx ] ):

subMbPartIdx++)

for( compldx = 0; compldx < 2; compldx++)

mvd_10[ mbPartIdx ][ subMbPartIdx ][ compldx ]

se(v) | ae(v)

for( mbPartIdx = 0; mbPartIdx < 4; mbPartIdx++ )

if( sub mb type[ mbPartldx | '= B Direct 8x8 &&
SubMbPredMode( sub mb type[ mbPartldx | ) != Pred 1.0)

for( subMbPartldx = 0;

subMbPartIdx < NumSubMbPart( sub_mb_type[ mbPartldx ] ):

subMbPartIdx++)

for( compldx = 0; compldx < 2; compldx++)

mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ]

se(v) | ae(v)
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7.3.5.3
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Residual data syntax

residual( bmFlag, startIdx, endIdx ) {

Descriptor

if( lentropy coding mode flag)

residual block =residual block cavle

else

residual block =residual block cabac

residual_luma( i16x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endIdx )

Intral 6x16DCLevel = 116x16DClevel

Intral6x16ACLevel = i16x16AClevel

LumalLevel = level

LumaLevel8x8 = level8x8

if{ ChromaArrayType == 1 || ChromaArrayType == 2) {

NumC8x8 =4/ ( SubWidthC * SubHeightC )

for( 1CbCr = 0; 1CbCr < 2; 1CbCr++)

if( ( CodedBlockPatternChroma & 3 ) && startldx == 0)
/* chroma DC residual present */

residual_block( ChromaDCLevel[ iCbCr ], 0, 4 * NumC8x8 - 1,

4 * NumC8x8 )

314

else

for(1=0;1<4 * NumC8x8; i++)

ChromaDCLevel[ iCbCr ][i]=0

for( iCbCr = 0; iCbCr < 2; iCbCr++)

for( 18x8 = 0; 18x8 < NumC8x8; 18x8++)

for( 14x4 = 0; 14x4 < 4; idx4++)

if{ ( CodedBlockPatternChroma & 2 ) && endldx>0)
/* chroma AC residual present */

residual_block( ChromaACLevel[ iCbCr ][ i8x8*4+i4x4 ],

max( 0, startldx — 1), endIdx — 1, 15)

3[4

else

for(i=0;i<15;i++)

ChromaACLevel[ iCbCr ][ i8x8*4+i4x4 J[1]=0

} else if( ChromaArrayType == 3) {

residual luma( 116x16DClevel, 116x16AClevel, level, level8x8,
bmFlag, startldx, endldx )

CbIntral 6x16DCLevel = i16x16DClevel

CbIntral 6x16ACLevel = i16x16AClevel

CbLevel = level

CbLevel8x8 = level8x8

residual luma( i16x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endIdx )

CrIntral 6x16DCLevel =i16x16DClevel

CrIntral 6x16ACLevel = 116x16AClevel

CrLevel = level

CrLevel8x8 = level8x8
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7.3.5.3.1 Residual luma syntax

residual luma( 116x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endIdx ) {

Descriptor

if( lentropy_coding_mode flag)

residual block = residual block cavlc

clse

residual block = residual block cabac

if( 'bmFlag && startldx == 0 &&
MbPartPredMode( mb type. 0) == Intra 16x16)

residual block( i16x16DClevel, 0, 15, 16 )

for( 18x8 = 0; 18x8 < 4; 18x8++)

if( 'transform_size 8x8 flag || !entropy coding mode flag)

for( idx4 = 0; idx4 < 4; idx4++) {

if( CodedBlockPatternluma & ( 1 <<1i8x8))

if( 'bmFlag && endldx >0 &&
MbPartPredMode( mb type, 0) == Intra 16x16)

residual_block( 116x16AClevel[i8x8*4+ i4x4],
max( 0, startldx — 1), endldx — 1, 15)

else

residual_block( level[ i8x8 * 4 + idx4 ], startldx, endIdx, 16) 314

else if( 'bmFlag &&
MbPartPredMode( mb_type, 0) == Intra 16x16)

for(1=0;1<15;1++)

i16x16AClevel[ 18x8 * 4 +i4x4 ][1]=0

else

for(1=0;1<16;1++)

level[ i8x8 * 4 +idx4 J[i]=0

if( lentropy_coding mode flag && transform size 8x8 flag)

for(1=0;1<16;1++)

level8x8[ i8x8 [ 4 * i +i4x4 ] = levell i8x8 * 4 +i4x4 ][ 1]

}

else if( CodedBlockPatternl uma & ( 1 <<i8x8 ))

residual_block( level8x8[ i8x8 ], 4 * startldx, 4 * endIdx + 3, 64 ) 3|4

else

for(i=0:1< 64: i++)

level8x8[ i8x8 J[1]=0
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7.3.5.3.2 Residual block CAVLC syntax

56

residual block cavle( coeffLevel, startldx, endIdx, maxNumCoeff ) {

Descriptor

for( i=0; i < maxNumCoeff; i++)

coefflevel[1]=0

coeff token

314

ce(v)

if( TotalCoeff{ coeff token)=0) {

if( TotalCoeff{ coeff token)> 10 && TrailingOnes( coeff token)<3)

suffixLength = 1

else

suffixLength =0

for(i=0:1i< TotalCoeff( coeff token ); i++)

if( 1 < TrailingOnes( coeff token)) {

trailing ones sign flag

34

u(l)

level[i]=1 -2 * trailing_ones sign flag

} else {

level prefix

34

ce(v)

levelCode = ( Min( 15, level prefix ) << suffixLength )

if( suffixLength =0 || level prefix>=14) {

level suffix

314

u(v)

levelCode += level suffix

}

if( level prefix == 15 && suffixLength == 0)

levelCode += 15

if( level prefix >= 16)

levelCode +=( 1 << ( level prefix—3))—4096

if( i == TrailingOnes( coeff token) &&
TrailingOnes( coeff token)<3)

levelCode +=2

if( levelCode % 2 == 0)

level[ 1] =(levelCode +2)==1

else

level[ i]=(-levelCode —1)>>1

if( suffixLength == 0)

suffixLength = 1

if( Abs(level[i]) = (3 <<( suffixLength—1)) &&
suffixLength <6 )

suffixLength++

}

if( TotalCoeff{ coeff token ) < endIdx — startldx + 1) {

total_zeros

34

ce(v)

zerosLeft = total zeros

} else

zerosLeft=0

for( i =0; i < TotalCoeff( coeff token)—1;i++) {

if( zerosLeft>0) {

run_before

3[4

ce(v)

run[ 1 ] =run_before

} else

mn[i]=0
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zerosLeft = zerosLeft —run[ i |
}
run| TotalCoeff{ coeff token )—1 ] = zerosLeft
coeffNum = -1
for( i = TotalCoeff( coeff token)—1;i>=0;i-) {
coeffNum +=rumn[i]+1
coeffLevel[ startldx + coeffNum ] =level[ i ]

7.3.5.3.3 Residual block CABAC syntax

residual block cabac( coefflevel, startldx, endldx, maxNumCoeff') { C | Descriptor
if{ maxNumCoeff == 64 || ( ChromaArrayType == 3)))
coded block flag 3|4 | ae(v)

for(i=0; i < maxNumCoeff; i++)
coefflevel[i]=0

if( coded block flag) {
numCoeff = endldx + 1

i = startldx
do {
significant_coeff flag[i] 3|4 | ae(v)
if{ significant coeff flag[1]) {
last_significant_coeff flag[i] 3|4 | ae(v)

if( last_significant coeff flag[i])
numCoeff=1+1

}

i+
} while(i < numCoeff—1)
coeff abs level minusl[ numCoeff —1 ] 3|4 | ae(v)
coeff sign flag] numCoeff —1 ] 314 | ae(v)

coeffLevel] numCoeff -1 ]=
( coeff_abs level minusl[ numCoeff—1]+1)*
(1—2* coeff sign flag] numCoeff—11])
for(i=numCoeff—2;1>=0:1i--)
if( significant coeff flag[1]) {
coeff abs level minusl[i] 3|4 | ae(v)

coeff sign flag[i] 3|4 | ae(v)
coefflevel[ 1] =( coeff abs level minusl[1]+1)*
(1 -2 *coeff sign flag[i])
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7.4 Semantics

Semantics associated with the syntax structures and with the syntax elements within these structures are specified in this
subclause. When the semantics of a syntax element are specified using a table or a set of tables, any values that are not
specified in the table(s) shall not be present in the bitstream unless otherwise specified in this Recommendation |
International Standard.

7.4.1 NAL unit semantics

NOTE 1 — The VCL is specified to efficiently represent the content of the video data. The NAL is specified to format that data
and provide header information in a manner appropriate for conveyance on a variety of communication channels or storage
media. All data are contained in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a generic
format for use in both packet-oriented and bitstream systems. The format of NAL units for both packet-oriented transport and
byte stream is identical except that each NAL unit can be preceded by a start code prefix and extra padding bytes i the byte
stream format.

NumBytesInNALunit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL unit.
Some form of demarcation of NAL unit boundaries is necessary to enable inference of NumBytesInNAT unit. One such
demarcation method is specified in Annex B for the byte stream format. Other methods of demarcation may be
specified outside of this Recommendation | International Standard.

forbidden_zero_bit shall be equal to 0.

nal_ref ide not equal to O specifies that the content of the NAL unit contains a sequence parameter set, a sequence
parameter set extension, a subset sequence parameter set, a picture parameter set, a slice of a reference picture, a slice
data partition of a reference picture, or a prefix NAL unit preceding a slice of a reference picture.

For coded video sequences conforming to one or more of the profiles specified in Annex A that are decoded using the
decoding process specified in clauses 2-9, nal ref idc equal to 0 for a NAL umit containing a slice or slice data partition
indicates that the slice or slice data partition 1s part of a non-reference picture.

nal_ref idc shall not be equal to 0 for sequence parameter set or sequence parameter set extension or subset sequence
parameter set or picture parameter set NAL units. When nal ref idc is equal to 0 for one NAL unit with nal unit type
in the range of 1 to 4. inclusive, of a particular picture, it shall be equal to 0 for all NAL units with nal unit type in the
range of 1 to 4, inclusive, of the picture.

nal_ref idc shall not be equal to 0 for NAL units with nal unit_type equal to 5.
nal ref idc shall be equal to 0 for all NAL units having nal unit type equalto 6,9, 10, 11, or 12.
nal_unit_type specifies the type of RBSP data structure contained in the NAL unit as specified in Table 7-1.

The column marked "C" in Table 7-1 lists the categories of the syntax elements that may be present in the NAL unit. In
addition, syntax elements with syntax category "All" may be present, as determined by the syntax and semantics of the
RBSP data structure. The presence or absence of any syntax elements of a particular listed category is determined from
the syntax and semantics of the associated RBSP data structure. nal unit_type shall not be equal to 3 or 4 unless at least
one syntax element is present in the RBSP data structure having a syntax element category value equal to the value of
nal_unit_type and not categorized as "All".

For coded video sequences conforming to one or more of the profiles specified in Annex A that are decoded using the
decoding process specified in clauses 2-9. VCL and non-VCL NAL units are specified m Table 7-1 in the column
labelled "Annex A NAL unit type class". For coded video sequences conforming to one or more of the profiles specified
in Annex G that are decoded using the decoding process specified in Annex G, VCL and non-VCL NAL units are
specified in Table 7-1 in the column labelled "Annex G NAL unit type class". The entry "suffix dependent" for
nal_unit_type equal to 14, specifies the following.

—  If the NAL unit directly following in decoding order a NAL umt with nal unit_type equal to 14 is a NAL unit with
nal _unit type equal to 1 or 5, the NAL unit with nal unit_type equal to 14 is a VCL NAL unit.

—  Otherwise, if the NAL unit directly following in decoding order a NAL unit with nal unit type equal to 14 is a
NAL unit with nal unit type equal to 12, the NAL unit with nal unit type equal to 14 1s a non-VCL NAL unit.

—  Otherwise (the NAL unit directly following in decoding order a NAL unit with nal unit type equal to 14 is a NAL
unit with nal_unit type not equal to 1. 5, or 12), the NAL unit with nal unit type equal to 14 is a non-VCL NAL
unit and decoders shall ignore (remove from the bitstream and discard) the NAL unit with nal unit_type equal to
14 and the NAL unit directly following in decoding order the NAL unit with nal unit type equal to 14.
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Table 7-1 — NAL unit type codes, syntax element categories, and NAL unit type classes

nal unit type Content of NAL unit and RBSP syntax structure C Annex A | Annex G
NAL unit | NAL unit

type class | type class

0 Unspecified non-VCL | non-VCL

1 Coded slice of a non-IDR picture 2,354 VCL VCL
slice layer without partitioning rbsp( )

2 Coded slice data partition A 2 VCL not
slice data_partition_a layer rbsp() applicable

3 Coded slice data partition B 3 VCL not
slice data partition b layer rbsp() applicable

4 Coded slice data partition C 4 VCL not
slice data_partition ¢ layer rbsp() applicable

5 Coded slice of an IDR picture 2.3 VCL VCL
slice layer without partitioning rbsp( )

6 Supplemental enhancement information (SEI) 5 non-VCL | non-VCL
sei_tbsp()

7 Sequence parameter set 0 non-VCL | non-VCL
seq parameter_set rbsp()

8 Picture parameter set 1 non-VCL | non-VCL
pic_parameter set rbsp()

9 Access unit delimiter 6 non-VCL | non-VCL
access unit delimiter rbsp()

10 End of sequence 7 non-VCL | non-VCL
end of seq rbsp()

11 End of stream 8 non-VCL | non-VCL
end of stream rbsp( )

12 Filler data 9 non-VCL | non-VCL

filler data_rbsp( )

13 Sequence parameter set extension 10 non-VCL | non-VCL
seq parameter set extension rbsp()

14 Prefix NAL unit in scalable extension 2 non-VCL suffix
prefix_nal unit rbsp() /* specified in Annex G */ dependent

15 Subset sequence parameter set 0 non-VCL | non-VCL
subset_seq parameter_set rbsp() /* specified in Annex G */

16..18 Reserved non-VCL | non-VCL

19 Coded slice of an auxiliary coded picture without partitioning | 2,3,4 | non-VCL | non-VCL
slice layer without partitioning rbsp( )

20 Coded slice in scalable extension 2.3.4 | non-VCL VCL

slice layer in scalable extension rbsp()
/* specified in Annex G */

21.23 Reserved non-VCL | non-VCL
24.31 Unspecified non-VCL | non-VCL

NAL units having nal unit_type equal to 13 or 19 may be discarded by decoders without affecting the decoding process
for NAL units having nal unit type not equal to 13 or 19 and without affecting conformance to this
Recommendation | International Standard.
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NAL units having nal unit type equal to 14, 15, or 20 may be discarded by decoders without affecting the decoding
process for NAL units having nal unit_type not equal to 14, 15, or 20 and without affecting conformance to profiles
specified in Annex A.

NAL units that use nal unit type equal to 0 or in the range of 24..31, inclusive, shall not affect the decoding process
specified in this Recommendation | International Standard.

NOTE 2 — NAL unit types 0 and 24..31 may be used as determined by the application. No decoding process for these values of
nal unit type is specified in this Recommendation | Interational Standard.

Decoders shall ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved values of
nal_unit_type.
NOTE 3 — This requirement allows future definition of compatible extensions to this Recommendation | Interational Standard.

In the text, coded slice NAL unit collectively refers to a coded slice of a non-IDR picture NAL unit or to a coded slice
of an IDR picture NAL unit. The following flag is specified:

IdrPicFlag = (nal unit type == 5?7 1 : 0) (7-1)

When the value of nal unit_type is equal to 5 for a NAL unit containing a slice of a particular picture, the picture shall
not contain NAL units with nal unit type in the range of 1 to 4, inclusive. For coded video sequences conforming to
one or more of the profiles specified in Annex A that are decoded using the decoding process specified in clauses 2-9,
such a picture is referred to as an IDR picture.

NOTE 4 — Slice data partitioning cannot be used for IDR pictures.

rbsp byte[ 1] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as follows.

The RBSP contains an SODB as follows.
—  If the SODB is empty (i.e., zero bits in length), the RBSP is also empty.
—  Otherwise, the RBSP contains the SODB as follows.

1) The first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the next byte of
the RBSP shall contain the next eight bits of the SODB, etc.. until fewer than eight bits of the SODB remain.

2) rbsp_trailing bits( ) are present after the SODB as follows:

i) The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits of the
SODB, (if any)

ii) The next bit consists of a single rbsp_stop_one bit equal to 1, and

ity When the 1bsp stop one bit is not the last bit of a byte-aligned byte, one or more
rbsp_alignment zero_bit is present to result in byte aligniment.

3) One or more cabac zero word 16-bit syntax elements equal to 0x0000 may be present in some RBSPs after
the rbsp trailing bits( ) at the end of the RBSP.

Syntax structures having these RBSP properties are denoted in the syntax tables using an " rbsp" suffix. These
structures shall be carried within NAL units as the content of the rbsp_byte[ i | data bytes. The association of the RBSP
syntax structures to the NAL units shall be as specified in Table 7-1.

NOTE 5 — When the boundaries of the RBSP are known, the decoder can extract the SODB from the RBSP by concatenating the
bits of the bytes of the RBSP and discarding the rbsp stop one bit, which 1s the last (least significant, right-most) bit equal to 1,
and discarding any following (less significant, farther to the right) bits that follow it, which are equal to 0. The data necessary for
the decoding process is contained in the SODB part of the RBSP.

emulation_prevention_three byte is a byte equal to 0x03. When an emulation prevention three byte is present in the
NAL unit, it shall be discarded by the decoding process.

The last byte of the NAL umit shall not be equal to 0x00.

Within the NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:
—  0x000000

—  0x000001

—  0x000002

Within the NAL unit, any four-byte sequence that starts with 0x000003 other than the following sequences shall not
occur at any byte-aligned position:

—  0x00000300
—  0x00000301
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—  0x00000302

—  0x00000303

NOTE 6 — When nal unit type is equal to 0, particular care must be exercised in the design of encoders to avoid the presence of
the above-listed three-byte and four-byte patterns at the beginning of the NATL unit syntax structure, as the syntax element
emulation prevention three byte cannot be the third byte of a NAL unit.

7.4.1.1 Encapsulation of an SODB within an RBSP (informative)
This subclause does not form an integral part of this Recommendation | International Standard.

The form of encapsulation of an SODB within an RBSP and the use of the emulation prevention three byte for
encapsulation of an RBSP within a NAL unit is specified for the following purposes:

—  to prevent the emulation of start codes within NAL units while allowing any arbitrary SODB to be represented
within a NAL unit.

— to enable identification of the end of the SODB within the NAL unit by searching the RBSP for the
rbsp_stop one bit starting at the end of the RBSP, and

—  to enable a NAL unit to have a size larger than that of the SODB under some circumstances (using one or more
cabac_zero word).
The encoder can produce a NAL unit from an RBSP by the following procedure:
The RBSP data is searched for byte-aligned bits of the following binary patterns:
‘00000000 00000000 000000xx' (where xx represents any 2 bit pattern: 00, 01, 10, or 11),
and a byte equal to 0x03 is inserted to replace these bit patterns with the patterns.
‘00000000 00000000 00000011 000000xx',

and finally, when the last byte of the RBSP data is equal to 0x00 (which can only occur when the RBSP ends in a
cabac_zero_word), a final byte equal to 0x03 is appended to the end of the data.

The resulting sequence of bytes is then prefixed with the first byte of the NAL unit containing the indication of the type
of RBSP data structure it contains. This results in the construction of the entire NAL unit.

This process can allow any SODB to be represented in a NAL unit while ensuring that
—  no byte-aligned start code prefix is emulated within the NAL unit, and

—  no sequence of 8 zero-valued bits followed by a start code prefix, regardless of byte-alignment, is emulated within
the NAL unit.

7.4.1.2 Order of NAL units and association to coded pictures, access units, and video sequences
This subclause specifies constraints on the order of NAL units in the bitstream.

Any order of NAL units in the bitstream obeying these constraints is referred to in the text as the decoding order of
NAL units. Within a NAL unit, the syntax in subclauses 7.3, D.1, and E.1 specifies the decoding order of syntax
elements. Decoders conforming to this Recommendation | International Standard shall be capable of receiving NAL
units and their syntax elements in decoding order.

7.4.1.2.1 Order of sequence and picture parameter set RBSPs and their activation

This subclause specifies the activation process of picture and sequence parameter sets for coded video sequences that
conform to one or more of the profiles specified in Annex A that are decoded using the decoding process specified in
clauses 2-9.

NOTE 1 — The sequence and picture parameter set mechanism decouples the transmission of infrequently changing information

from the transmission of coded macroblock data. Sequence and picture parameter sets may, in some applications, be conveyed
"out-of-band" using a reliable transport mechanism.

A picture parameter set RBSP includes parameters that can be referred to by the coded slice NAL units or coded slice
data partition A NAL units of one or more coded pictures. Each picture parameter set RBSP is imtially considered not
active at the start of the operation of the decoding process. At most one picture parameter set RBSP is considered active
at any given moment during the operation of the decoding process, and the activation of any particular picture
parameter set RBSP results in the deactivation of the previously-active picture parameter set RBSP (if any).

When a picture parameter set RBSP (with a particular value of pic_parameter set id) is not active and it is referred to
by a coded slice NAL unit or coded slice data partition A NAT unit (using that value of pic parameter set id), it is
activated. This picture parameter set RBSP is called the active picture parameter set RBSP until it is deactivated by the
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activation of another picture parameter set RBSP. A picture parameter set RBSP, with that particular value of
pic_parameter set id, shall be available to the decoding process prior to its activation.

Any picture parameter set NAL unit containing the value of pic_parameter set id for the active picture parameter set
RBSP shall have the same content as that of the active picture parameter set RBSP unless it follows the last VCL NAL
unit of a coded picture and precedes the first VCL NAL unit of another coded picture.

A sequence parameter set RBSP includes parameters that can be referred to by one or more picture parameter set
RBSPs or one or more SEI NAL units containing a buffering period SEI message. Each sequence parameter set RBSP
is mitially considered not active at the start of the operation of the decoding process. At most one sequence parameter
set RBSP is considered active at any given moment during the operation of the decoding process, and the activation of
any particular sequence parameter set RBSP results in the deactivation of the previously-active sequence parameter set
RBSP (if any).

When a sequence parameter set RBSP (with a particular value of seq parameter set id) is not already active and it is
referred to by activation of a picture parameter set RBSP (using that value of seq parameter set id) or is referred to by
an SEI NAL unit containing a buffering period SEI message (using that value of seq parameter set id), it 1s activated.
This sequence parameter set RBSP is called the active sequence parameter set RBSP until it is deactivated by the
activation of another sequence parameter set RBSP. A sequence parameter set RBSP, with that particular value of
seq parameter set id, shall be available to the decoding process prior to its activation. An activated sequence parameter
set RBSP shall remain active for the entire coded video sequence.

NOTE 2 — Because an IDR access unit begins a new coded video sequence and an activated sequence parameter set RBSP must

remain active for the entire coded video sequence, a sequence parameter set RBSP can only be activated by a buffering period
SEI message when the buffering period SEI message is part of an IDR access unit.

Any sequence parameter set NAL unit containing the value of seq parameter set id for the active sequence parameter
set RBSP shall have the same content as that of the active sequence parameter set RBSP unless it follows the last access
unit of a coded video sequence and precedes the first VCL NAL unit and the first SET NAL unit containing a buffering
period SEI message (when present) of another coded video sequence.
NOTE 3 — If picture parameter set RBSP or sequence parameter set RBSP are conveyed within the bitstream, these constraints
impose an order constraint on the NAL units that contain the picture parameter set RBSP or sequence parameter set RBSP,
respectively. Otherwise (picture parameter set RBSP or sequence parameter set RBSP are conveyed by other means not specified
in this Recommendation | International Standard), they must be available to the decoding process in a timely fashion such that
these constraints are obeyed.

When present, a sequence parameter set extension RBSP includes parameters having a similar function to those of a
sequence parameter set RBSP. For purposes of establishing constraints on the syntax elements of the sequence
parameter set extension RBSP and for purposes of determining activation of a sequence parameter set extension RBSP,
the sequence parameter set extension RBSP shall be considered part of the preceding sequence parameter set RBSP
with the same value of seq parameter _set id. When a sequence parameter set RBSP is present that is not followed by a
sequence parameter set extension RBSP with the same value of seq parameter set id prior to the activation of the
sequence parameter set RBSP, the sequence parameter set extension RBSP and its syntax elements shall be considered
not present for the active sequence parameter set RBSP.

All constraints that are expressed on the relationship between the values of the syntax elements (and the values of
variables derived from those syntax elements) in sequence parameter sets and picture parameter sets and other syntax
elements are expressions of constraints that apply only to the active sequence parameter set and the active picture
parameter set. If any sequence parameter set RBSP is present that is not activated in the bitstream, its syntax elements
shall have wvalues that would conform to the specified constraints if it were activated by reference in an
otherwise-conforming bitstream. If any picture parameter set RBSP is present that is not ever activated in the bitstream,
its syntax elements shall have values that would conform to the specified constraints if it were activated by reference in
an otherwise-conforming bitstream.

During operation of the decoding process (see clause 8), the values of parameters of the active picture parameter set and
the active sequence parameter set shall be considered in effect. For interpretation of SEI messages, the values of the
parameters of the picture parameter set and sequence parameter set that are active for the operation of the decoding
process for the VCL NAL units of the primary coded picture in the same access unit shall be considered in effect unless
otherwise specified in the SEI message semantics.

7.4.1.2.2 Order of access units and association to coded video sequences

A bitstream conforming to this Recommendation | International Standard consists of one or more coded video
sequences.

A coded video sequence consists of one or more access units. For coded video sequences that conform to one or more
of the profiles specified in Annex A that are decoded using the decoding process specified in clauses 2-9, the order of
NAL units and coded pictures and their association to access units is deseribed in subelause 7.4.1.2.3.
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The first access unit of each coded video sequence is an IDR access unit. All subsequent access units in the coded video
sequence are non-IDR access units.

The values of picture order count for the coded pictures in consecutive access units in decoding order containing
non-reference pictures shall be non-decreasing.

When present, an access unit following an access unit that contains an end of sequence NAL unit shall be an IDR access
unit.

When an SEI NAL unit contains data that pertain to more than one access unit (for example, when the SEI NAL unit
has a coded video sequence as its scope), it shall be contained in the first access unit to which it applies.

When an end of stream NAL unit is present mn an access umit, this access unit shall be the last access unit in the
bitstreamn and the end of stream NAL unit shall be the last NAL unit in that access unit.

7.4.1.2.3 Order of NAL units and coded pictures and association to access units

This subclause specifies the order of NAL units and coded pictures and association to access unit for coded video
sequences that conform to one or more of the profiles specified in Annex A that are decoded using the decoding process
specified in clauses 2-9.

An access unit consists of one primary coded picture, zero or more corresponding redundant coded pictures, and zero or
more non-VCL NAL units. The association of VCL NAL units to primary or redundant coded pictures is described in
subclause 7.4.1.2.5.

The first access unit in the bitstream starts with the first NAL unit of the bitstream.

The first of any of the following NAL units after the last VCL NAL unit of a primary coded picture specifies the start of
a new access unit.

—  access unit delimiter NAL unit (when present)

—  sequence parameter set NAL unit (when present)

—  picture parameter set NAL unit (when present)

—  SEINAL unit (when present)

—  NAL units with nal unit_type in the range of 14 to 18, inclusive
—  furst VCL NAL unit of a primary coded picture (always present)

The constraints for the detection of the first VCL NAL unit of a primary coded picture are specified in subclause
74.1.24.

The following constraints shall be obeyed by the order of the coded pictures and non-VCL NAL units within an access
unit.

—  When an access unit delimiter NAL unit is present, it shall be the first NAL unit. There shall be at most one access
unit delimiter NAL unit in any access unit.

—  When any SEI NAL units are present, they shall precede the primary coded picture.

—  When an SEI NAL unit containing a buffering period SEI message is present, the buffering period SEI message
shall be the first SEI message payload of the first SEI NAL unit in the access unit.

—  The primary coded picture shall precede the corresponding redundant coded pictures.

—  When redundant coded pictures are present, they shall be ordered m ascending order of the value of
redundant_pic_cnt.

—  When a sequence parameter set extension NAL unit is present, it shall be the next NAL unit after a sequence
parameter set NAL unit having the same value of seq parameter set id as in the sequence parameter set extension
NAL unit.

—  When one or more coded slice of an auxiliary coded picture without partitioning NAL units is present, they shall
follow the primary coded picture and all redundant coded pictures (if any).

—  When an end of sequence NAL unit is present, it shall follow the primary coded picture and all redundant coded
pictures (if any) and all coded slice of an auxiliary coded picture without partitioning NAT units (if any).

—  When an end of stream NAL unit is present, it shall be the last NAL unit.
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NAL units having nal unit type equal to 0, 12, or in the range of 20 to 31. inclusive, shall not precede the first
VCL NAL unit of the primary coded picture.

NOTE 1 — Sequence parameter set NAL units or picture parameter set NAL units may be present in an access unit, but cannot
follow the last VCL NAL unit of the primary coded picture within the access unit, as this condition would specify the start of a
new access umit.

NOTE 2 — When a NAL unit having nal unit type equal to 7 or 8 is present in an access unit, it may or may not be referred to in
the coded pictures of the access unit in which it is present, and may be referred to in coded pictures of subsequent access units.

The structure of access units 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 of 20 to 31, inclusive, is shown in Figure 7-1.

start

Y

access unit delimiter

-
Bl

Y
SEI

-
Bl

) J

primary coded picture

Y

redundant coded picture

-

Y
auxiliary coded picture

—
d

A

end of sequence

-
il

Y

end of stream

r

end

Figure 7-1 — Structure of an access unit not containing any NAL units with nal unit type equal to 0,7, 8, or in
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7.4.1.2.4 Detection of the first VCL NAL unit of a primary coded picture

This subclause specifies constraints on VCL NAL umnit syntax that are sufficient to enable the detection of the first VCL
NAL unit of each primary coded picture for coded video sequences that conform to one or more of the profiles specified
in Annex A that are decoded using the decoding process specified in clauses 2-9.

Any coded slice NAL unit or coded slice data partition A NAL unit of the primary coded picture of the current access
unit shall be different from any coded slice NAL unit or coded slice data partition A NAL unit of the primary coded
picture of the previous access unit in one or more of the following ways.

— frame num differs in value. The value of frame num used to test this condition is the value of frame num that
appears in the syntax of the slice header, regardless of whether that value is inferred to have been equal to 0 for
subsequent use in the decoding process due to the presence of memory management control operation equal to 5.

NOTE 1 — A consequence of the above statement is that a primary coded picture having frame num equal to 1 cannot
contain a memory management control operation equal to 5 unless some other condition listed below is fulfilled for
the next primary coded picture that follows after it (if any).

—  pic_parameter set id differs in value.

—  field pic_flag differs in value.

—  bottom field flag is present in both and differs in value.

— nal ref idc differs in value with one of the nal ref idc values being equal to 0.

— pic_order cnt type 1s equal to0 for both and either pic order ent Isb differs in value, or
delta_pic_order cnt bottom differs in value.

— pic_order cnt type is equal tol for both and either delta pic order ent[ 0] differs in wvalue, or
delta_pic_order ent| 1 ] differs in value.

—  IdtPicFlag differs in value.
— IdrPicFlag is equal to 1 for both and idr_pic_id differs in value.

NOTE 2 — Some of the VCL NAL units in redundant coded pictures or some non-VCL NAL units (e.g., an access unit delimiter
NAL unit) may also be used for the detection of the boundary between access units, and may therefore aid in the detection of the
start of a new primary coded picture.

7.4.1.2.5 Order of VCL NAL units and association to coded pictures

This subclause specifies the order of VCL NAL units and association to coded pictures for coded video sequences that
conform to one or more of the profiles specified in Annex A that are decoded using the decoding process specified in
clauses 2-9.

Each VCL NAL unit is part of a coded picture.
The order of the VCL NAL units within a coded IDR picture is constrained as follows.

—  If arbitrary slice order is allowed as specified in Annex A, coded slice of an IDR picture NAL units may have any
order relative to each other.

—  Otherwise (arbitrary slice order is not allowed), the following applies.

—  Ifseparate_colour plane flag is equal to 0, coded slice of an IDR picture NAL units of a slice group shall not
be interleaved with coded slice of an IDR picture NAL units of another slice group and the order of coded
slice of an IDR picture NAL units within a slice group shall be in the order of increasing macroblock address
for the first macroblock of each coded slice of an IDR picture NAL unit of the particular slice group.

—  Otherwise (separate_colour plane flag is equal to 1), coded slice of an IDR picture NAL units of a slice
group for a particular value of colour plane id shall not be interleaved with coded slice of an IDR picture
NAL units of another slice group with the same value of colour plane id and the order of coded slices of
IDR picture NAL units within a slice group for a particular value of colour plane_id shall be in the order of
increasing macroblock address for the first macroblock of each coded slice of an IDR picture NAL unit of the
particular slice group having the particular value of colour plane id.

NOTE 1 — When separate_colour plane flag is equal to 1, the relative ordering of coded slices having different values
of colour_plane_id is not constrained.
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The order of the VCL NAL units within a coded non-IDR picture is constrained as follows.

—  If arbitrary slice order is allowed as specified in Annex A, coded slice of a non-IDR picture NAL units or coded
slice data partition A NAL units may have any order relative to each other. A coded slice data partition A NAL unit
with a particular value of slice id shall precede any present coded slice data partition B NAL unit with the same
value of slice id. A coded slice data partition A NAL unit with a particular value of slice id shall precede any
present coded slice data partition C NAL unit with the same value of slice_id. When a coded slice data partition B
NAL unit with a particular value of slice id is present, it shall precede any present coded slice data partition C
NAL wit with the same value of slice_id.

—  Otherwise (arbitrary slice order is not allowed), the following applies.

—  If separate_colour plane flag is equal to 0, coded slice of a non-IDR picture NAL units or coded slice data
partition NAL units of a slice group shall not be interleaved with coded slice of a non-IDR picture NAL units
or coded slice data partition NAL units of another slice group and the order of coded slice of a non-IDR
picture NAL units or coded slice data partition A NAL units within a slice group shall be in the order of
increasing macroblock address for the first macroblock of each coded slice of a non-IDR picture NAL unit or
coded slice data partition A NAL unit of the particular slice group. A coded slice data partition A NAL unit
with a particular value of slice id shall immediately precede any present coded slice data partition B NAL
unit with the same value of slice id. A coded slice data partition A NAL unit with a particular value of
slice_id shall immediately precede any present coded slice data partition C NAL unit with the same value of
slice_id, when a coded slice data partition B NAL unit with the same value of slice_id is not present. When a
coded slice data partition B NAL unit with a particular value of slice id is present, it shall immediately
precede any present coded slice data partition C NAL unit with the same value of slice id.

—  Otherwise (separate_colour_plane flag is equal to 1), coded slice of a non-IDR picture NAL units or coded
slice data partition NAL units of a slice group for a particular value of colour plane id shall not be
interleaved with coded slice of a non-IDR picture NAL units or coded slice data partition NAL units of
another slice group with the same value of colour plane id and the order of coded slice of a non-IDR picture
NAL units or coded slice data partition A NAL units within a slice group for particular value of
colour plane id shall be in the order of increasing macroblock address for the first macroblock of each coded
slice of a non-IDR picture NAL unit or coded slice data partition A NAL unit of the particular slice group
having the particular value of colour plane id. A coded slice data partition A NAL unit associated with a
particular value of slice id and colour plane id shall immediately precede any present coded slice data
partition B NAL unit with the same value of slice id and colour plane id. A coded slice data partition A
NAL unit associated with a particular value of slice id and colour plane id shall immediately precede any
present coded slice data partition C NAL unit with the same value of slice id and colour plane id, when a
coded slice data partition B NAL unit with the same value of slice id and colour plane id is not present.
When a coded slice data partition B NAL unit with a particular value of slice id and colour plane id is
present, it shall immediately precede any present coded slice data partition C NAL unit with the same value
of slice_id and colour plane id.

NOTE 2 — When separate_colour plane flag is equal to 1, the relative ordering of coded slices having different values
of colour plane id is not constrained.

NAL units having nal unit type equal to 12 may be present in the access unit but shall not precede the first VCL NAL
unit of the primary coded picture within the access unit.

NAL units having nal unit type equal to 0 or in the range of 24 to 31, inclusive, which are unspecified, may be present
in the access unit but shall not precede the first VCL NAL unit of the primary coded picture within the access unit.

NAL units having nal unit type in the range of 20 to 23, inclusive, shall not precede the first VCL NAL unit of the
primary coded picture within the access unit.

7.4.2 Raw byte sequence payloads and RBSP trailing bits semantics
7.4.2.1 Sequence parameter set RBSP semantics

7.4.2.1.1 Sequence parameter set data semantics
profile_idc and level idc indicate the profile and level to which the coded video sequence conforms.

constraint_set0 flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A2.1. constraint set) flag equal to 0 indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.1.

constraint_setl flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A.2.2. constraint_setl flag equal to 0 indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.2.
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constraint_set2 flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A.2.3. constraint_set2 flag equal to 0 indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.3.
NOTE 1 — When one or more than one of constraint setQ_flag, constraint_setl flag, or constraint set2 flag are equal to 1, the
coded video sequence must obey the constraints of all of the indicated subclauses of subelause A.2. When profile_idc is equal to
44, 100, 110, 122, or 244, the values of constraint set0 flag, constraint setl flag, and constraint set2 flag must all be equal to
0.

constraint_set3 flag indicates the following.

—  Ifprofile idc is equal to 66, 77, or 88 and level idc is equal to 11, constraint set3 flag equal to 1 indicates that the
coded video sequence obeys all constraints specified in Annex A for level 1b and constraint_set3 flag equal to 0
indicates that the coded video sequence may or may not obey all constraints specified in Annex A for level 1b.

—  Otherwise, if profile idc 1s equal to 100 or 110, constraint set3 flag equal to 1 indicates that the coded video
sequence obeys all constraints specified in Annex A for the High 10 Intra profile, and constraint set3 flag equal to
0 indicates that the coded video sequence may or may not obey these corresponding constraints.

—  Otherwise, if profile idc i1s equal to 122, constraint set3 flag equal to 1 indicates that the coded video sequence
obeys all constraints specified in Annex A for the High 4:2:2 Intra profile, and constraint set3 flag equal to 0
indicates that the coded video sequence may or may not obey these corresponding constraints.

—  Otherwise, if profile_ide is equal to 44, constraint_set3 flag shall be equal to 1. When profile_idc is equal to 44,
the value of 0 for constraint_set3 flag is forbidden.

—  Otherwise, if profile idc is equal to 244, constraint_set3 flag equal to 1 indicates that the coded video sequence
obeys all constraints specified in Annex A for the High 4:4:4 Intra profile, and constraint set3 flag equal to 0
indicates that the coded video sequence may or may not obey these corresponding constraints.

—  Otherwise (profile idc is equal to 66.77.0r88 and level idc is not equal to 11), the value of 1 for
constraint_set3 flag is reserved for future use by ITU-T | ISO/IEC. constraint set3 flag shall be equal to 0 for
coded video sequences with profile idec equal to 66, 77, or 88 and level idc not equal to 11 in bitstreams
conforming to this Recommendation | International Standard. Decoders conforming to this Recommendation |
International Standard shall ignore the value of constraint_set3_flag when profile_idc is equal to 66, 77. or 88 and
level idc is not equal to 11.

reserved_zero_dbits shall be equal to 0. Other values of reserved zero_4bits may be specified m the future by ITU-T |
ISO/TEC. Decoders shall ignore the value of reserved zero 4bits.

seq parameter_set id identifies the sequence parameter set that is referred to by the picture parameter set. The value
of seq parameter set id shall be in the range of 0 to 31, inclusive.
NOTE 2 — When feasible, encoders should use distinct values of seq parameter set id when the values of other sequence
parameter set syntax elements differ rather than changing the values of the syntax elements associated with a specific value of
seq_parameter set id.

chroma format idc specifies the chroma sampling relative to the luma sampling as specified in subclause 6.2. The

value of chroma format ide shall be in the range of 0 to 3, inclusive. When chroma_format idc is not present, it shall
be inferred to be equal to 1 (4:2:0 chroma format).

separate_colour plane flag equal to 1 specifies that the three colour components of the 4:4:4 chroma format are
coded separately. separate colour plane flag equal to 0 specifies that the colour components are not coded separately.
When separate colour plane flag is not present, it shall be inferred to be equal to 0. When separate colour plane flag
is equal to 1. the primary coded picture consists of three separate components, each of which consists of coded samples
of one colour plane (Y, Cb or Cr) that each use the monochrome coding syntax. In this case, each colour plane is
associated with a specific colour_plane id value.

NOTE 3 — There is no dependency in decoding processes between the colour planes having different colour plane id values. For

example, the decoding process of a monochrome picture with one value of colour plane id does not use any data from

monochrome pictures having different values of colour plane id for inter prediction.

Depending on the value of separate colour plane flag, the value of the variable ChromaArrayType is assigned as
follows.

—  Ifseparate_colour plane flag is equal to 0, ChromaArrayType is set equal to chroma_format idc.
—  Otherwise (separate_colour plane flag is equal to 1), ChromaArrayType is set equal to 0.

bit_depth luma minus8 specifies the bit depth of the samples of the luma array and the value of the luma quantisation
parameter range offset QpBdOffsety, as specified by

BitDepthy = 8 + bit depth luma minus8 (7-2)
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QpBdOffsety = 6 * bit_depth luma minus8 (7-3)

When bit_depth luma minus8 is not present, it shall be inferred to be equal to 0. bit_depth luma minusg shall be in
the range of 0 to 6, inclusive.

bit depth chroma minus8 specifies the bit depth of the samples of the chroma arrays and the value of the chroma
quantisation parameter range offset QpBdOffsetc, as specified by

BitDepthc = 8 + bit_depth_chroma minus8 (7-4)

QpBdOffsetc = 6 * ( bit_depth chroma minus8 + residual _colour transform flag ) (7-5)

When bit_depth chroma minus8 is not present, it shall be inferred to be equal to 0. bit_depth_chroma minus8 shall be
in the range of 0 to 6, inclusive.

NOTE 4 — The value of bit_depth chroma minus8 is not used in the decoding process when ChromaArrayType is equal to 0. In
particular, when separate_colour plane flag is equal to 1, each colour plane is decoded as a distinct monochrome picture using
the luma component decoding process (except for the selection of scaling matrices) and the luma bit depth is used for all three
colour components.

The variable RawMbBits is derived as

RawMbBits = 256 * BitDepthy + 2 * MbWidthC * MbHeightC * BitDepthc (7-6)

qpprime_y zero_transform bypass flag equal to 1 specifies that, when QP'y is equal to 0, a transform bypass
operation for the transform coefficient decoding process and picture construction process prior to deblocking filter
process as specified in subclause 8.5 shall be applied. qpprime_y_zero transform bypass_flag equal to 0 specifies that
the transform coefficient decoding process and picture construction process prior to deblocking filter process shall not
use the transform bypass operation. When qpprime_y_zero_transform bypass_flag is not present, it shall be inferred to
be equal to 0.

seq scaling matrix present flag equal to 1 specifies that the flags seq scaling list present flag[i] for i = 0..7 or
i=0..11 are present. seq scaling matrix present flag equal to 0 specifies that these flags are not present and the
sequence-level scaling list specified by Flat 4x4 16 shall be inferred for i = 0..5 and the sequence-level scaling list
specified by Flat_8x8 16 shall be inferred for i = 6..11. When seq_scaling matrix_present flag is not present, it shall
be inferred to be equal to 0.

The scaling lists Flat 4x4 16 and Flat_8x8 16 are specified as follows:

Flat 4x4 16[i]=16. withi=0.15, (7-7)
Flat 8x8 16[i]=16. withi=0.63. (7-8)

seq scaling list present flag[ i ] equal to 1 specifies that the syntax structure for scaling list i is present in the
sequence parameter set. seq_scaling list_present flag[ i ] equal to 0 specifies that the syntax structure for scaling list i
is not present in the sequence parameter set and the scaling list fall-back rule set A specified in Table 7-2 shall be used
to infer the sequence-level scaling list for index i.
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Table 7-2 — Assignment of mnemonic names to scaling list indices and specification of fall-back rule

Value of Mnemonic name | Block MB Component Scaling list Scaling list Default
scaling list size prediction fall-back rule | fall-back rule scaling list
index type set A set B
0 Sl 4x4 Intra Y 4x4 Intra Y default sequence-level | Default 4x4 Intra
scaling list scaling list
1 Sl 4x4 Intra Cb 4x4 Intra Cb scaling list scaling list Default 4x4 Intra
fori=0 fori=0
2 Sl 4x4 Intra Cr 4x4 Intra Cr scaling list scaling list Default 4x4 Intra
fori=1 fori=1
3 Sl 4x4 Inter Y 4x4 Inter Y default sequence-level | Default 4x4 Inter
scaling list scaling list
4 Sl 4x4 Inter Cb 4x4 Inter Cb scaling list scaling list Default 4x4 Inter
fori=3 fori=3
5 Sl 4x4 Inter Cr 4x4 Inter Cr scaling list scaling list Default 4x4 Inter
fori=4 fori=4
6 S1 8x8 Imtra Y 8x8 Intra Y default sequence-level | Default 8x8 Intra
scaling list scaling list
7 S1 8x8 Imter Y 8x8 Inter Y default sequence-level | Default 8x8 Inter
scaling list scaling list
8 Sl 8x8 Intra Cb 8x8 Intra Cb scaling list scaling list Default 8x8 Intra
fori=6 fori=6
9 Sl 8x8 Inter Cb 8x8 Inter Cb scaling list scaling list Default 8x8 Inter
fori=7 fori=7
10 Sl 8x8 Intra Cr 8x8 Intra Cr scaling list scaling list Default 8x8 Intra
fori=8 fori=8
11 Sl 8x8 Inter Cr 8x8 Inter Cr scaling list scaling list Default 8x8 Inter
fori=9 fori=9

Table 7-3 specifies the default scaling lists Default 4x4 Intra and Default 4x4 Inter. Table 7-4 specifies the default

scaling lists Default 8x8 Intra and Default 8x8 Inter.

Table 7-3 — Specification of default scaling lists Default 4x4 Intra and Default 4x4 Inter
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idx 0o(1]|2|3|4|5|6]|7|8|9|10|11]|12|13(14]15
Default 4x4 Intrafidx] | 6 [ 13|13 | 20| 20| 20|28 |28 |28 (28|32 |32 |32|37(37]42
Default 4x4 Inter[ids]| | 10 [ 14 | 14 | 20 | 20 | 20 [ 24 |24 | 24 | 24 | 27 |27 | 27| 30| 30| 34
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Table 7-4 — Specification of default scaling lists Default 8x8 Intra and Default 8x8 Inter

idx 01|12 |3|4|5|6 (7|89 (1011|1213 (14|15

Default 8x8 Intra[idx] | 6| 10| 10|13 |11 (13| 16|16 | 16| 16|18 |18 18| 18|18 (23

Default 8x8 Inter[idx] | 9| 13 |13 | 15|13 (15| 17| 17(17|17|19]19|19]19]19 |21

Table 7-4 (continued) — Specification of default scaling lists Default 8x8 Intra and Default 8x8 Inter

idx 16 |17 |18 |19 20| 21|22 |23 |24 |25(26|27|28(29| 30|31

Default 8x8 IntraJidx] |23 [ 23 |23 [23 |23 (25|25 |25 |25 |25 |25 |2527 (27|27 |27

Default 8x8 Imter[idx] | 21 |21 |21 (21 |21 |22 |22 |22 |22 22|22 2224|2424 |24

Table 7-4 (continued) — Specification of default scaling lists Default 8x8 Infra and Defaunlt 8x8 Inter

idx 321331343536 |3738|39(40| 41|42 |43 |44 (45| 46 |47

Default 8x8 Intra[idx] | 27 | 27 [ 27 |27 (29 (29|29 |29 (29 (29 (29|31 |31 |31]31(31

Default 8x8 Inter[idx] | 24 | 24 | 24 | 24 | 25| 25|25 |25 | 25|25 (25 (27|27 (27|27 |27

Table 7-4 (concluded) — Specification of default scaling lists Default 8x8 Intra and Default 8x8 Inter

idx 48 (49 |50 | 5152 |53 |54 |55|56|57|58|59|60]61]62](63

Default_8x8 Intralidx] | 31|33 |33 |33 33|33 (36(36]|36|36|38 3838404042

Default 8x8 Inter[idx] |27 (28 |28 (28 |28 |28 |30 |30|30|30|32|32|32|33]33]|35

log2 max_ frame num_minus4 specifies the value of the variable MaxFrameNum that is used in frame num related
derivations as follows:

MaxFrameNum = 2( °g?m=_frame_mm mimsd+4) (7-9)

The value of log2 max frame num mmnus4 shall be in the range of 0 to 12, mclusive.

pic_order cnt_type specifies the method to decode picture order count (as specified in subclause 8.2.1). The value of
pic_order ent type shall be in the range of 0 to 2. inclusive.

pic_order cnt type shall not be equal to 2 in a coded video sequence that contains any of the following:

—  an access unit containing a non-reference frame followed immediately by an access unit containing a
non-reference picture;

—  two access units each containing a field with the two fields together forming a complementary non-reference
field pair followed immediately by an access unit containing a non-reference picture;

—  an access unit containing a non-reference field followed immediately by an access unit containing another
non-reference picture that does not form a complementary non-reference field pair with the first of the two
access units.

log2 max_pic_order cnt Isb _minus4 specifies the value of the variable MaxPicOrderCntLsb that is used in the
decoding process for picture order count as specified in subclause 8.2.1 as follows:

MaxPicOrderCntLsb = 2(!0g2-max_pic_erder_cnt_Isb mimst =) (7-10)
The value of log2 max pic_order cnt 1sb_minus4 shall be in the range of 0 to 12, inclusive.
delta_pic_order always zero flag equal to 1 specifies that delta_pic order ent[ 0 ] and delta pic order cnt[ 1] are

not present in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic order always zero flag
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equal to 0 specifies that delta pic order ent[ 0] is present in the slice headers of the sequence and
delta_pic_order cnt[ 1 ] may be present in the slice headers of the sequence.

offset_for mon_ref pic is used to calculate the picture order count of a non-reference picture as specified in 8.2.1. The
value of offset_for non ref pic shall be in the range of -2*' to 2*! - 1. inclusive.

offset for top to bottom field is used to calculate the picture order count of a bottom field as specified in subclause
8.2.1. The value of offset_for top to bottom field shall be in the range of -2%! to 23! - 1, inclusive.

num _ref frames in pic order cnt cycle is used in the decoding process for picture order count as specified in
subclause 8.2.1. The value of num ref frames in pic_order cnt cycle shall be in the range of 0 to 255, inclusive.

offset for ref frame[i] is an element of a list of num ref frames in pic_order cnt cycle values used m the
decoding process for picture order count as specified in subclause 8.2.1. The value of offset for ref frame[ 1 | shall be
in the range of -2*' to 2*! - 1, inclusive.

num ref frames specifies the maximum number of short-term and long-term reference frames. complementary
reference field pairs, and non-paired reference fields that may be used by the decoding process for inter prediction of
any picture in the sequence. num ref frames also determines the size of the sliding window operation as specified in
subclause 8.2.5.3. The value of num ref frames shall be in the range of 0 to MaxDpbSize (as specified in subclause
A.3.1 or A3.2). mclusive.

gaps_in_frame num_value allowed flag specifies the allowed values of frame num as specified in subclause 7.4.3
and the decoding process in case of an inferred gap between values of frame num as specified in subclause 8.2.5.2.

pic_width_in_mbs minusl plus 1 specifies the width of each decoded picture in units of macroblocks.

The variable for the picture width in units of macroblocks is derived as follows:

PicWidthInMbs = pic_width_in_mbs minusl + 1 (7-11)

The variable for picture width for the luma component is derived as follows:

PicWidthInSamples; = PicWidthInMbs * 16 (7-12)

The variable for picture width for the chroma components is derived as follows:

PicWidthInSamplesc = PicWidthInMbs * MbWidthC (7-13)

pic_height in_map units_minus1 plus 1 specifies the height in slice group map units of a decoded frame or field.
The variables PicHeightInMapUnits and PicSizeInMapUnits are derived as follows:

PicHeightInMapUnits = pic_height in map units minusl + 1 (7-14)
PicSizeInMapUnits = PicWidthInMbs * PicHeightInMapUnits (7-15)

frame mbs only flag equal to 0 specifies that coded pictures of the coded video sequence may either be coded fields
or coded frames. frame mbs only flag equal to 1 specifies that every coded picture of the coded video sequence is a
coded frame containing only frame macroblocks.

The allowed range of wvalues for pic width in mbs minusl, pic_height in map units minusl, and
frame mbs only flag is specified by constraints in Annex A.

Depending on frame mbs_only flag, semantics are assigned to pic_height_in_map units minusl as follows:

— If frame mbs only flag is equal to 0, pic_height in map units minusl plus 1 is the height of a field in units of
macroblocks.

—  Otherwise (frame mbs only flag is equal to 1), pic_height in map units minusl plus 1 is the height of a frame
in units of macroblocks.

The variable FrameHeightInMbs is derived as follows:

FrameHeightInMbs = ( 2 — frame mbs only flag ) * PicHeightinMapUnits (7-16)
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mb_adaptive frame field flag equal to 0 specifies no switching between frame and field macroblocks within a
picture. mb_adaptive frame field flag equal to 1 specifies the possible use of switching between frame and field
macroblocks within frames. When mb_adaptive frame field flag is not present, it shall be inferred to be equal to 0.

direct 8x8 inference flag specifies the method used in the derivation process for luma motion vectors for B_Skip,
B Direct 16x16 and B Direct 8x8 as specified in subclause 8.4.1.2. When frame mbs only flag is equal to 0,
direct 8x8 inference flag shall be equal to 1.

frame cropping flag equal to 1 specifies that the frame cropping offset parameters follow next in the sequence
parameter set. frame cropping flag equal to 0 specifies that the frame cropping offset parameters are not present.

frame crop left offset, frame crop right offset, frame crop top offset, frame crop_ bottom_offset specify the
samples of the pictures in the coded video sequence that are output from the decoding process, in terms of a rectangular
region specified in frame coordinates for output.

The variables CropUnitX and CropUnitY are derived as follows:
— If ChromaArrayType is equal to 0, CropUnitX and CropUnitY are derived as

CropUnitX = 1 (7-17)

CropUnitY = 2 — frame mbs_only flag (7-18)

—  Otherwise (ChromaArrayType is equal to 1, 2, or 3), CropUnitX and CropUnitY are derived as
CropUnitX = SubWidthC (7-19)

CropUnitY = SubHeightC * ( 2 — frame mbs_only flag) (7-20)

The frame cropping rectangle contains luma samples with horizontal frame coordinates from
CropUmitX * frame crop left offset to PicWidthInSamples; — ( CropUnitX * frame crop right offset+1) and
vertical frame coordinates from  CropUnitY * frame crop top offset to  ( 16 * FrameHeightInMbs ) —
( CropUnitY * frame crop bottom_offset + 1 ), inclusive. The value of frame crop left offset shall be in the range of
0 to (PicWidthInSamples; / CropUnitX ) — ( frame crop_right offset+1), inclusive: and the value of
frame crop top offset shall be in the range of 0 to (16 * FrameHeightinMbs / CropUnitY )—
( frame_crop_bottom_offset + 1), inclusive.

When frame cropping flag is equal to 0, the values of frame crop left offset, frame crop right offset,
frame crop top offset, and frame crop bottom offset shall be inferred to be equal to 0.

When ChromaArrayType is not equal to 0, the corresponding specified samples of the two chroma arrays are the
samples having frame coordinates ( x / SubWidthC, y / SubHeightC ), where ( x, y ) are the frame coordinates of the
specified luma samples.

For decoded fields, the specified samples of the decoded field are the samples that fall within the rectangle specified in
frame coordinates.

vui_parameters present flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E
is present. vui_parameters present flag equal to 0 specifies that the vui_parameters( ) syntax structure as specified in
Annex E is not present.

7.4.2.1.1.1 Scaling list semantics

delta_scale is used to derive the j-th element of the scaling list for j in the range of 0 to sizeOfScalingList - 1, inclusive.
The value of delta_scale shall be n the range of -128 to +127, inclusive.

When useDefaultScalingMatrixFlag is derived to be equal to 1, the scaling list shall be inferred to be equal to the
default scaling list as specified in Table 7-2.

7.4.2.1.2 Sequence parameter set extension RBSP semantics

seq parameter_set id identifies the sequence parameter set associated with the sequence parameter set extension. The
value of seq parameter set id shall be in the range of 0 to 31, inclusive.

aux_format ide equal to O indicates that there are no auxiliary coded pictures in the coded video sequence.
aux_format idc equal to 1 indicates that exactly one auxiliary coded picture is present in each access unit of the coded
video sequence, and that for alpha blending purposes the decoded samples of the associated primary coded picture in
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each access unit should be multiplied by the interpretation sample values of the auxiliary coded picture in the access
unit in the display process after output from the decoding process. aux_format idc equal to 2 indicates that exactly one
auxiliary coded picture exists in each access unit of the coded video sequence, and that for alpha blending purposes the
decoded samples of the associated primary coded picture in each access unit should not be multiplied by the
interpretation sample values of the auxiliary coded picture in the access unit in the display process after output from the
decoding process. aux_format idc equal to 3 indicates that exactly one auxiliary coded picture exists in each access unit
of the coded video sequence, and that the usage of the auxiliary coded pictures is unspecified. The value of
aux_format idc shall be in the range of 0 to 3, inclusive. Values greater than 3 for aux format idc are reserved to
indicate the presence of exactly one auxiliary coded picture in each access unit of the coded video sequence for
purposes to be specified in the future by ITU-T | ISO/IEC. When aux_format_idc is not present, it shall be inferred to be
equal to 0.

NOTE 1 — Decoders conforming to this Recommendation | International Standard are not required to decode auxiliary coded
pictures.

bit_depth_aux minus8 specifies the bit depth of the samples of the sample array of the auxiliary coded picture.
bit_depth_aux_minus8 shall be in the range of 0 to 4, inclusive.

alpha_incr_flag equal to O indicates that the interpretation sample value for each decoded auxiliary coded picture
sample value is equal to the decoded auxiliary coded picture sample value for purposes of alpha blending.
alpha_icr flag equal to 1 indicates that, for purposes of alpha blending. after decoding the auxiliary coded picture
samples, any auxiliary coded picture sample value that is greater than Mm(alpha opaque value,
alpha_transparent value) should be increased by one to obtain the interpretation sample value for the auxiliary coded
picture sample, and any auxiliary coded picture sample value that is less than or equal to Min(alpha opaque value,
alpha_transparent value) should be used without alteration as the interpretation sample value for the decoded auxiliary
coded picture sample value.

alpha opaque value specifies the interpretation sample value of an auxiliary coded picture sample for which the
associated luma and chroma samples of the same access unit are considered opaque for purposes of alpha blending. The
number of bits used for the representation of the alpha opaque value syntax element is bit_depth_aux_minus8 + 9 bits.

alpha_transparent_value specifies the interpretation sample value of an auxiliary coded picture sample for which the
associated luma and chroma samples of the same access unit are considered transparent for purposes of alpha blending.
The number of bits used for the representation of the alpha transparent value syntax element is
bit depth aux minus8 + 9 bits.

When alpha _incr flag is equal to 1, alpha transparent value shall not be equal to alpha opaque value and
Log2( Abs( alpha opaque value — alpha transparent value )} shall have an integer value. A value of
alpha_transparent value that is equal to alpha opaque value indicates that the auxiliary coded picture is not intended
for alpha blending purposes.

NOTE 2 — For alpha blending purposes, alpha opaque value may be greater than alpha_transparent value, or it may be less than
alpha transparent value. Interpretation sample values should be clipped to the range of alpha opaque value to
alpha_transparent value, inclusive.

The decoding of the sequence parameter set extension and the decoding of auxiliary coded pictures is not required for
conformance with this Recommendation | International Standard.

The syntax of each coded slice of an auxiliary coded picture shall obey the same constraints as a coded slice of a
redundant picture, with the following differences of constraints.

—  The following applies in regard to whether the primary coded picture is an IDR picture:

— Tf the primary coded picture is an IDR picture, the auxiliary coded slice syntax shall correspond to that of a
slice having nal unit type equal to 5 (a slice of an IDR picture);

— Otherwise (the primary coded picture is not an IDR picture), the auxiliary coded slice syntax shall correspond
to that of a slice having nal unit _type equal to 1 (a slice of a non-IDR picture).

—  The slices of an auxiliary coded picture (when present) shall contam all macroblocks corresponding to those of the
primary coded picture.

—  redundant pic_cnt shall be equal to 0 in all auxiliary coded slices.

The (optional) decoding process for the decoding of auxiliary coded pictures is the same as if the auxiliary coded
pictures were primary coded pictures in a separate coded video stream that differs from the primary coded pictures in
the current coded video stream in the following ways.

—  The IDR or non-IDR status of each auxiliary coded picture shall be inferred to be the same as the IDR or non-IDR
status of the primary picture in the same access unit, rather than being inferred from the value of nal ref idc.
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—  The value of chroma format idc and the value of ChromaArrayType shall be inferred to be equal to 0 for the
decoding of the auxiliary coded pictures.

—  The value of bit_depth luma minus8 shall be inferred to be equal to bit_depth aux minus8 for the decoding of
the auxiliary coded pictures.
NOTE 3 — Alpha blending composition is normally performed with a background picture B, a foreground picture F, and a
decoded auxiliary coded picture A, all of the same size. Assume for purposes of example illustration that the chroma resolution
of B and F have been upsampled to the same resolution as the luma. Denote corresponding samples of B, F and A by b, f and a,
respectively. Denote luma and chroma samples by subscripts Y, Cb and Cr.

Define the variables alphaRange, alphaFwt and alphaBwt as follows:
alphaRange = Abs( alpha opaque value - alpha transparent value )
alphaFwt = Abs( a - alpha_transparent value )
alphaBwt = Abs( a - alpha opaque value)
Then, in alpha blending composition, samples d of the displayed picture D may be calculated as
dy = (alphaFwt*fy + alphaBwt*by + alphaRange/2 ) / alphaRange
dcp = ( alphaFwt*fcp + alphaBwt*bcg + alphaRange/2 ) / alphaRange
dcg = (alphaFwt*fcg + alphaBwt¥*bcg + alphaRange/2 ) / alphaRange
The samples of pictures D, F and B could also represent red, green, and blue component values (see subelause E.2.1). Here we
have assumed Y, Cb and Cr component values. Each component, e.g., Y, is assumed for purposes of example illustration above

to have the same bit depth in each of the pictures D, F and B. However, different components, e.g., Y and Cb, need not have the
same bit depth in this example.

When aux_format ide is equal to 1, F would be the decoded picture obtained from the decoded luma and chroma, and A would
be the decoded picture obtained from the decoded auxiliary coded picture. In this case, the indicated example alpha blending
composition involves multiplying the samples of F by factors obtained from the samples of A.

A picture format that is useful for editing or direct viewing, and that is commonly used, is called pre-multiplied-black video. If
the foreground picture was F, then the pre-multiplied-black video S is given by

sy = (alphaFwt*fy )/ alphaRange

scg = ( alphaFwt*fcg ) / alphaRange

scr = ( alphaFwt*fcg ) / alphaRange
Pre-multiplied-black video has the charactenistic that the picture S will appear correct if displayed against a black background.
For a non-black background B, the composition of the displayed picture D may be calculated as

dy =sy + ( alphaBwt*by + alphaRange/2 ) / alphaRange

dcg = scg + ( alphaBwt*bcg + alphaRange/2 ) / alphaRange

dcp =scgr + ( alphaBwt*bcg + alphaRange/2 ) / alphaRange
When aux format ide is equal to 2, S would be the decoded picture obtained from the decoded luma and chroma, and A would

again be the decoded picture obtained from the decoded auxiliary coded picture. In this case, alpha blending composition does
not involve multiplication of the samples of S by factors obtained from the samples of A.

additional extemsion_flag equal to 0 indicates that no additional data follows within the sequence parameter set
extension syntax structure prior to the RBSP trailing bits. The value of additional extension flag shall be equal to 0.
The value of 1 for additional extension flag is reserved for future use by ITU-T | ISO/IEC. Decoders that conform to
this Recommendation | International Standard shall ignore all data that follows the wvalue of 1 for
additional extension flag in a sequence parameter set extension NAL unit.

7.4.2.2 Picture parameter set RBSP semantics

pic_parameter set id identifies the picture parameter set that is referred to in the slice header. The value of
pic_parameter set id shall be in the range of 0 to 255, inclusive.

seq parameter_set id refers to the active sequence parameter set. The value of seq parameter set id shall be in the
range of 0 to 31, inclusive.

entropy coding mode flag selects the entropy decoding method to be applied for the syntax elements for which two
descriptors appear in the syntax tables as follows.

— Ifentropy coding mode flag is equal to 0, the method specified by the left descriptor in the syntax table is applied
(Exp-Golomb coded, see subclause 9.1 or CAVLC, see subclause 9.2).

—  Otherwise (entropy_coding_mode flag is equal to 1), the method specified by the right descriptor in the syntax
table is applied (CABAC, see subclause 9.3).

pic_order present flag equal to 1 specifies that the picture order count related syntax elements are present in the slice
headers as specified in subclause 7.3.3. pic_order present flag equal to O specifies that the picture order count related
syntax elements are not present m the slice headers.
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num_slice groups minusl plus 1 specifies the number of slice groups for a picture. When num_slice groups minusl
is equal to 0, all slices of the picture belong to the same slice group. The allowed range of num_slice groups_minusl is
specified in Annex A.

slice group map_type specifies how the mapping of slice group map units to slice groups is coded. The value of
slice_group _map type shall be in the range of 0 to 6, inclusive.

slice group map type equal to 0 specifies interleaved slice groups.
slice group map_type equal to 1 specifies a dispersed slice group mapping.
slice group map type equal to 2 specifies one or more “foreground” slice groups and a “leftover” slice group.

slice group map_type values equal to 3, 4, and 5 specify changing slice groups. When num _slice groups minusl is
not equal to 1, slice_group map_type shall not be equal to 3, 4, or 5.

slice group map type equal to 6 specifies an explicit assignment of a slice group to each slice group map unit.

Slice group map units are specified as follows.

—  If frame mbs only flag is equal to 0 and mb_adaptive frame field flag is equal to 1 and the coded picture is a
frame, the slice group map units are macroblock pair units.

—  Otherwise, if frame mbs only flag is equal to 1 or a coded picture is a field, the slice group map units are units of
macroblocks.

—  Otherwise (frame mbs only flag is equal to 0 and mb_adaptive frame field flag is equal to 0 and the coded
picture is a frame), the slice group map units are units of two macroblocks that are vertically contiguous as in a
frame macroblock pair of an MBAFF frame.

run_length minus1[i] is used to specify the number of consecutive slice group map units to be assigned to the i-th
slice group in raster scan order of slice group map units. The value of run_length minusl1[ i ] shall be in the range of 0
to PicSizeInMapUnits - 1, inclusive.

top left[ 1] and bottom right| 1 | specify the top-left and bottom-right corners of a rectangle, respectively. top lefi[ 1 ]

and bottom_right[ i ] are slice group map unit positions in a raster scan of the picture for the slice group map units. For

each rectangle 1, all of the following constraints shall be obeyed by the values of the syntax elements top left[ i ] and

bottom _right| i ]

— top lefi[1] shall be less than or equal to bottom right{1] and bottom right[ 1] shall be less than
PicSizeInMapUnits.

—  (top_left] i ] % PicWidthInMbs ) shall be less than or equal to the value of ( bottom_right] i ] % PicWidthInMbs ).

slice group change direction flag is used with slice group map type to specify the refined map type when
slice_group map_typeis 3. 4, or 5.

slice_group change rate minusl is used to specify the variable SliceGroupChangeRate. SliceGroupChangeRate
specifies the multiple in number of slice group map units by which the size of a slice group can change from one picture
to the next. The value of slice group change rate munusl shall be in the range of 0 to PicSizelnMapUnits — 1,
inclusive. The SliceGroupChangeRate variable is specified as follows:

SliceGroupChangeRate = slice_group change rate minusl + 1 (7-21)

pic_size in map units minusl is used to specify the number of slice group map unmits in the picture.
pic_size in map units minusl shall be equal to PicSizelnMapUnits - 1.

slice group id[1] identifies a slice group of the i-th slice group map unit in raster scan order. The size of the
slice_group_id[ 1 ] syntax element is Ceil( Log2( num_slice groups_minusl + 1)) bits. The value of slice_group_id[ 1 ]
shall be in the range of 0 to num_slice_groups minusl, inclusive.

num_ref idx 10_active minusl specifies the maximum reference index for reference picture list 0 that shall be used to
decode each slice of the picture in which list 0 prediction is used when num ref idx active override flag is equal to 0
for the slice. When MbaffFrameFlag is equal to 1, num ref idx 10 active minus] is the maximum index value for the
decoding of frame macroblocks and 2 * num ref idx 10 active minusl +1 1s the maximum index value for the
decoding of field macroblocks. The value of num_ref idx 10 active_minusl shall be m the range of 0 to 31, inclusive.

num_ref idx 11_active minusl has the same semantics as num_ref idx_10 active_minusl with 10 and list 0 replaced
by 11 and list 1, respectively.

weighted pred flag equal to 0 specifies that weighted prediction shall not be applied to P and SP slices.
weighted pred flag equal to 1 specifies that weighted prediction shall be applied to P and SP slices.
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weighted bipred ide equal to 0 specifies that the default weighted prediction shall be applied to B slices.
weighted bipred ide equal to1 specifies that explicit weighted prediction shall be applied to B slices.
weighted bipred idec equal to 2 specifies that implicit weighted prediction shall be applied to B slices. The value of
weighted bipred idc shall be in the range of 0 to 2, inclusive.

pic_init qp minus26 specifies the initial value minus 26 of SliceQPy for each slice. The initial value is modified at the
slice layer when a non-zero value of slice qp delta is decoded, and is modified further when a non-zero value of
mb_qp delta is decoded at the macroblock layer. The value of pic init qp mims26 shall be in the range of
-(26 + QpBdOffsety ) to +23, inclusive.

pic_init_gs minus26 specifies the initial value minus 26 of SliceQSy for all macroblocks in SP or SI slices. The initial
value is modified at the slice layer when a non-zero value of slice qs delta is decoded. The value of
pic_init qs_minus26 shall be in the range of -26 to +235, inclusive.

chroma qp index offset specifies the offset that shall be added to QPy and QSy for addressing the table of QP¢
values for the Cb chroma component. The value of chroma qp index offset shall be i the range of -12 to +12,
inclusive.

deblocking_filter control present flag equal to 1 specifies that a set of syntax elements controlling the characteristics
of the deblocking filter is present in the slice header. deblocking_filter control present flag equal to 0 specifies that the
set of syntax elements controlling the characteristics of the deblocking filter is not present in the slice headers and their
inferred values are in effect.

constrained_intra_pred flag equal to 0 specifies that intra prediction allows usage of residual data and decoded
samples of neighbouring macroblocks coded using Inter macroblock prediction modes for the prediction of
macroblocks coded using Intra macroblock prediction modes. constrained intra_pred flag equal to 1 specifies
constrained intra prediction, in which case prediction of macroblocks coded using Intra macroblock prediction modes
only uses residual data and decoded samples from I or SI macroblock types.

redundant_pic_cnt_present flag equal to 0 specifies that the redundant_pic_cnt syntax element is not present in slice
headers, data partitions B, and data partitions C that refer (either directly or by association with a corresponding data
partition A) to the picture parameter set. redundant pic_cnt present flag equal to 1 specifies that the redundant pic_cnt
syntax element is present in all slice headers, data partitions B, and data partitions C that refer (either directly or by
association with a corresponding data partition A) to the picture parameter set.

transform 8x8 mode flag equal tol specifies that the 8x8 transform decoding process may be in use (see
subclause 8.5). transform 8x8 mode flag equal to 0 specifies that the 8x8 transform decoding process is not in use.
When transform 8x8 mode flag is not present, it shall be inferred to be 0.

pic_scaling matrix present flag equal to 1 specifies that parameters are present to modify the scaling lists specified
in the sequence parameter set. pic_scaling matrix present flag equal to 0 specifies that the scaling lists used for the
picture shall be inferred to be equal to those specified by the sequence parameter set. When
pic_scaling matrix present flag is not present, it shall be inferred to be equal to 0.

pic_scaling_list present flag[i] equal to 1 specifies that the scaling list syntax structure is present to specify the
scaling list for index i. pic_scaling list present flag[ i ] equal to 0 specifies that the syntax structure for scaling list i is
not present in the picture parameter set and that depending on the value of seq scaling matrix present flag, the
following applies.

—  If seq scaling matrix present flag is equal to 0, the scaling list fall-back rule set A as specified in Table 7-2 shall
be used to derive the picture-level scaling list for index i.

—  Otherwise (seq scaling matrix present flag is equal to 1), the scaling list fall-back rule set B as specified in
Table 7-2 shall be used to derive the picture-level scaling list for index i.

second_chroma_qp_index offset specifies the offset that shall be added to QPy and QSy for addressing the table of
QP¢ values for the Cr chroma component. The value of second chroma qp index offset shall be in the range of -12 to
+12, mclusive.

When second chroma qp_index_offset is not present, it shall be inferred to be equal to chroma qp_index offset.
NOTE — When ChromaArrayType is equal to 0, the values of bit_depth chroma minus8, chroma gp index offset and
second chroma gp index offset are not used in the decoding process. In particular, when separate colour_plane flag 1s equal
to 1, each colour plane is decoded as a distinet monochrome picture using the luma component decoding process (except for the
selection of scaling matrices), including the application of the luma quantisation parameter derivation process without application
of an offset for the decoding of the pictures having colour_plane id not equal to 0.
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7.4.2.3 Supplemental enhancement information RBSP semantics

Supplemental Enhancement Information (SEI) contams information that is not necessary to decode the samples of
coded pictures from VCL NAL units.

7.4.2.3.1 Supplemental enhancement information message semantics

An SEI NAL unit contains one or more SEI messages. Each SEI message consists of the variables specifying the type
payloadType and size payloadSize of the SEI payload. SEI payloads are specified in Annex D. The derived SEI payload
size payloadSize is specified in bytes and shall be equal to the number of bytes in the SEI payload.

ff byte is a byte equal to OxFF identifying a need for a longer representation of the syntax structure that it is used
within.

last_payload_type byte is the last byte of the payload type of an SEI message.
last payload size byte is the last byte of the size of an SEI message.
7.4.2.4 Access unit delimiter RBSP semantics

The access unit delimiter may be used to indicate the type of slices present in a primary coded picture and to simplify
the detection of the boundary between access units. There is no normative decoding process associated with the access
unit delimiter.

primary_pic_type indicates that the slice type values for all slices of the primary coded picture are members of the set
listed in Table 7-5 for the given value of primary pic_type.

Table 7-5 — Meaning of primary pic type

primary pic_type | slice_type values that may be present in the primary coded picture
2.7

0.2.5.7

0,1.2,5.6.7

4.9

3.4.8.9

2,4.7.9

0.2.3.4,5.7.8.9

0,1.2,3,4.5.6,7,8.9

||k lw]R]=]O

7.4.2.5 End of sequence RBSP semantics

The end of sequence RBSP specifies that the next subsequent access unit in the bitstream in decoding order (if any)
shall be an IDR access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty. No
normative decoding process is specified for an end of sequence RBSP.

7.4.2.6 End of stream RBSP semantics

The end of stream RBSP indicates that no additional NAL units shall be present in the bitstream that are subsequent to
the end of stream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of stream RBSP are
empty. No normative decoding process is specified for an end of stream RBSP.

7.4.2.7 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0XFF. No normative decoding process is specified for
a filler data RBSP.

ff byte 1s a byte equal to OxFF.

7.4.2.8 Slice layer without partitioning RBSP semantics

The slice layer without partitioning RBSP consists of a slice header and slice data.
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7.4.2.9 Slice data partition RBSP semantics

7.4.2.9.1 Slice data partition A RBSP semantics

When slice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Partition
A contains all syntax elements of category 2.

Category 2 syntax elements include all syntax elements in the slice header and slice data syntax structures other than the
syntax elements in the residual( ) syntax structure.

slice_id identifies the slice associated with the data partition. The value of slice_id is constrained as follows.
—  If separate_colour plane flag is equal to 0, the following applies.

— If arbitrary slice order is not allowed as specified in Annex A, the first slice of a coded picture, in decoding
order, shall have slice id equal to 0 and the value of slice _id shall be incremented by one for each subsequent
slice of the coded picture in decoding order.

— Otherwise (arbitrary slice order is allowed), each slice shall have a unique slice_id value within the set of slices
of the coded picture.

—  Otherwise (separate colour plane flag is equal to 1), the following applies.

— If arbitrary slice order is not allowed as specified in Annex A, the first slice of a coded picture having each
value of colour plane id, in decoding order, shall have slice id equal to 0 and the value of slice_id shall be
incremented by one for each subsequent slice of the coded picture having the same value of colour plane id,
in decoding order.

— Otherwise (arbitrary slice order is allowed) each slice shall have a unique slice id value within each set of
slices of the coded picture that have the same value of colour_plane id.

The range of slice id is specified as follows.
—  If MbaffFrameFlag is equal to 0, slice_id shall be in the range of 0 to PicSizeInMbs - 1, inclusive.
—  Otherwise (MbaffFrameFlag is equal to 1), slice id shall be in the range of 0 to PicSizeInMbs / 2 - 1, inclusive.

7.4.2.9.2 Slice data partition B RBSP semantics

When slice data partitioning is in use, the coded data for a single slice is divided into one to three separate partitions.
Slice data partition B contains all syntax elements of category 3.

Category 3 syntax elements include all syntax elements in the residual( ) syntax structure and in syntax structures used
within that syntax structure for collective macroblock types I and SI as specified in Table 7-10.

slice id has the same semantics as specified in subclause 7.4.2.9.1.

colour plane id specifies the colour plane associated with the current slice RBSP when separate_colour plane flag is
equal to 1. The value of colour plane id shall be in the range of 0 to 2, inclusive. colour plane id equal to 0, 1, and 2
correspond to the Y, Cb, and Cr planes, respectively.

NOTE — There is no dependency between the decoding processes of pictures having different values of colour plane id.

redundant pic cnt shall be equal to O for slices and slice data partitions belonging to the primary coded picture. The
redundant pic cnt shall be greater than 0 for coded slices and coded slice data partitions in redundant coded pictures.
When redundant_pic_cnt is not present, its value shall be inferred to be equal to 0. The value of redundant_pic_cnt shall
be in the range of 0 to 127, inclusive.

The presence of a slice data partition B RBSP is specified as follows.

—  If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 3
in the slice data for a slice, a slice data partition B RBSP shall be present having the same value of slice id and
redundant_pic_cnt as in the slice data partition A RBSP.

—  Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax
elements of category 3 in the slice data for a slice), no slice data partition B RBSP shall be present having the same
value of slice_id and redundant pic_cnt as in the slice data partition A RBSP.

7.4.2.9.3 Slice data partition C RBSP semantics

When slice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Slice data
partition C contains all syntax elements of category 4.
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Category 4 syntax elements include all syntax elements in the residual( ) syntax structure and in syntax structures used
within that syntax structure for collective macroblock types P and B as specified in Table 7-10.

slice_id has the same semantics as specified in subclause 7.4.2.9.1.
colour_plane id has the same semantics as specified in subelause 7.4.2.9.2.
redundant_pic_cnt has the same semantics as specified in subclause 7.4.2.9.2.
The presence of a slice data partition C RBSP is specified as follows.

—  If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 4
in the slice data for a slice, a slice data partition C RBSP shall be present having the same value of slice id and
redundant_pic_cnt as in the slice data partition A RBSP.

—  Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax
elements of category 4 in the slice data for a slice), no slice data partition C RBSP shall be present having the same
value of slice_id and redundant pic_cnt as in the slice data partition A RBSP.

7.4.2.10 RBSP slice trailing bits semantics
cabac zero word is a byte-aligned sequence of two bytes equal to 0x0000.

Let NumBytesInVcINALunits be the sum of the values of NumBytesInNALunit for all VCL NAL units of a coded
picture.

Let BinCountsInNALunits be the number of times that the parsing process function DecodeBin( ), specified in
subclause 9.3.3.2, is invoked to decode the contents of all VCL NAL units of a coded picture. When
entropy_coding_mode_flag is equal to 1, BinCountsInNATunits shall not exceed ( 32 + 3 ) * NumBytesInVcINALunits
+ ( RawMbBits * PicSizeInMbs ) + 32.
NOTE — The constraint on the maximum number of bins resulting from decoding the contents of the slice layer NAL units can be
met by inserting a number of cabac zero word syntax elements to increase the value of NumBytesInVeINATunits. Fach
cabac_zero word is represented in a NAL unit by the three-byte sequence 0x000003 (as a result of the constraints on NAL unit
contents that result in requiring inclusion of an emulation prevention three byte for each cabac zero word).

7.4.2.11 RBSP trailing bits semantics
rbsp_stop_one_bit shall be equal to 1.
rbsp_alignment zero_bit shall be equal to 0.

743 Slice header semantics

When present, the value of the slice header syntax elements pic parameter set id, frame num, field pic flag,
bottom_field flag, idr_pic_id, pic_order cnt_lsb, delta_pic_order cnt bottom, delta_pic_order cnt[ 0],
delta_pic_order_cnt[ 1 ]. sp_for_switch flag, and slice_group change cycle shall be the same in all slice headers of a
coded picture.

first mb in_ slice specifies the address of the first macroblock in the slice. When arbitrary slice order i1s not allowed as
specified in Annex A, the value of first mb in slice is constrained as follows.

—  If separate_colour plane flag is equal to 0, the value of first mb in slice shall not be less than the value of
first mb_in_slice for any other slice of the current picture that precedes the current slice in decoding order.

—  Otherwise (separate_colour plane flag is equal to 1), the value of first mb_in_slice shall not be less than the value
of first mb_in_slice for any other slice of the current picture that precedes the current slice in decoding order and
has the same value of colour plane id.

The first macroblock address of the slice is derived as follows.

—  If MbaffFrameFlag is equal to 0, first mb_in_slice is the macroblock address of the first macroblock in the slice,
and first mb_in_slice shall be in the range of 0 to PicSizeInMbs — 1, inclusive.

—  Otherwise (MbaftFrameFlag is equal to 1), first mb in slice * 2 is the macroblock address of the first macroblock
in the slice, which is the top macroblock of the first macroblock pair in the slice, and first mb in_slice shall be in
the range of 0 to PicSizeInMbs / 2 — 1, inclusive.

slice_type specifies the coding type of the slice according to Table 7-6.
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Table 7-6 — Name association to slice_type

slice_type Name of slice_type
P (P slice)

B (B slice)

I (I slice)

SP (SP slice)
SI (SI slice)
P (P slice)

B (B slice)

I (I slice)

SP (SP slice)
SI (SI slice)

=N K-:N Rl E=0 LN EE RVEN B Il ]

slice type values in the range 5..9 specify, in addition to the coding type of the current slice, that all other slices of the
current coded picture shall have a value of slice type equal to the current value of slice type or equal to the current
value of slice_type — 5.

When nal_unit_type is equal to 5 (IDR picture), slice_type shall be equal to 2, 4, 7, or 9.
When num ref frames is equal to 0, slice_type shall be equal to 2,4, 7, or 9.

pic_parameter set id specifies the picture parameter set in use. The value of pic_parameter set id shall be in the
range of 0 to 253, inclusive.

colour plane id specifies the colour plane associated with the current slice RBSP when separate colour plane flag is
equal to 1. The value of colour plane id shall be in the range of 0 to 2, inclusive. colour_plane id equal to 0, 1, and 2
correspond to the Y, Cb, and Cr planes, respectively.

NOTE 1 — There is no dependency between the decoding processes of pictures having different values of colour_plane id.

frame num is used as an identifier for pictures and shall be represented by log2 max frame num minus4 + 4 bits in
the bitstream. frame num is constrained as follows:

The variable PrevRefFrameNum is derived as follows.
—  If the current picture is an IDR picture, PrevRefFrameNum is set equal to 0.
—  Otherwise (the current picture is not an IDR picture), PrevRefFrameNum is set as follows.

—  If the decoding process for gaps in frame num specified in subclause 8.2.5.2 was invoked by the decoding
process for an access unit that contained a non-reference picture that followed the previous access unit in
decoding order that contained a reference picture, PrevRefFrameNum is set equal to the value of frame num
for the last of the "non-existing" reference frames inferred by the decoding process for gaps in frame num
specified in subclause 8.2.5.2.

—  Otherwise, PrevRefFrameNum is set equal to the value of frame num for the previous access unit in
decoding order that contained a reference picture.

The value of frame num is constrained as follows.
—  If the current picture is an IDR picture, frame num shall be equal to 0.

—  Otherwise (the current picture 1s not an IDR picture), referring to the primary coded picture in the previous access
unit in decoding order that contains a reference picture as the preceding reference picture, the value of frame num
for the current picture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true.

—  the current picture and the preceding reference picture belong to consecutive access units in decoding order
—  the current picture and the preceding reference picture are reference fields having opposite parity

—  one or more of the following conditions is true
—  the preceding reference picture is an IDR picture

—  the preceding reference picture includes a memory management control operation syntax element equal
to5
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NOTE 2 — When the preceding reference picture includes a memory management control operation syntax
element equal to 5, PrevRefFrameNum is equal to 0.

—  there is a primary coded picture that precedes the preceding reference picture and the primary coded
picture that precedes the preceding reference picture does not have frame num equal to
PrevRefFrameNum

—  there is a primary coded picture that precedes the preceding reference picture and the primary coded
picture that precedes the preceding reference picture is not a reference picture

When the value of frame num is not equal to PrevRefFrameNum, the following applies.

—  There shall not be any previous field or frame in decoding order that is currently marked as "used for short-term
reference” that has a value of frame num equal to any value taken on by the variable UnusedShortTermFrameNum
in the following:

UnusedShortTermFrameNum = ( PrevRefFrameNum + 1 ) % MaxFrameNum
while( UnusedShortTermFrameNum != frame num ) (7-22)
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1 ) % MaxFrameNum

—  The value of frame num is constrained as follows.

— Ifgaps in frame num value allowed flag is equal to 0, the value of frame num for the current picture shall
be equal to ( PrevRefFrameNum + 1 ) % MaxFrameNum.

—  Otherwise (gaps_in_frame num value allowed flag is equal to 1), the following applies.

— If frame num is greater than PrevRefFrameNum, there shall not be any non-reference pictures in the
bitstream that follow the previous reference picture and precede the current picture in decoding order in
which either of the following conditions is true.

—  The value of frame_num for the non-reference picture is less than PrevRefFrameNum.

—  The value of frame num for the non-reference picture is greater than the value of frame num for
the current picture.

—  Otherwise (frame num is less than PrevRefFrameNum), there shall not be any non-reference pictures in
the bitstream that follow the previous reference picture and precede the current picture in decoding order
in which both of the following conditions are true.

—  The value of frame num for the non-reference picture is less than PrevRefFrameNum.

—  The value of frame num for the non-reference picture is greater than the value of frame num for
the current picture.

A picture including a memory management control operation equal to 5 shall have frame num constraints as
described above and, after the decoding of the current picture and the processing of the memory management control
operations, the picture shall be inferred to have had frame num equal to 0 for all subsequent use in the decoding
process, except as specified in subclause 7.4.1.2.4.

NOTE 3 — When the primary coded picture is not an IDR picture and does not contain memory_management_control_operation
syntax element equal to 5, the value of frame num of a corresponding redundant coded picture is the same as the value of
frame num in the primary coded picture. Alternatively, the redundant coded picture includes a
memory management _control operation syntax element equal to 5 and the corresponding primary coded picture is an IDR
picture.

field pic_flag equal to 1 specifies that the slice is a slice of a coded field. field pic_flag equal to 0 specifies that the
slice is a slice of a coded frame. When field pic flag is not present it shall be inferred to be equal to 0.

The variable MbaffFrameFlag is derived as follows

MbaftFrameFlag = ( mb_adaptive frame field flag && !field pic flag) (7-23)

The variable for the picture height in units of macroblocks is derived as follows

PicHeightInMbs = FrameHeightInMbs / ( 1 + field pic_flag) (7-24)

The variable for picture height for the luma component is derived as follows

PicHeightInSamples; = PicHeightInMbs * 16 (7-25)
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The variable for picture height for the chroma component is derived as follows

PicHeightInSamplesc = PicHeightInMbs * MbHeightC (7-26)

The variable PicSizeInMbs for the current picture is derived according to:

PicSizeInMbs = PicWidthInMbs * PicHeightInMbs (7-27)

The variable MaxPicNum is derived as follows.

—  Iffield pic flag is equal to 0, MaxPicNum is set equal to MaxFrameNum.

—  Otherwise (field_pic flag is equal to 1), MaxPicNum is set equal to 2*MaxFrameNum.
The variable CurrPicNum is derived as follows.

— Iffield pic flag is equal to 0, CurrPicNum is set equal to frame num.

—  Otherwise (field pic_flag is equal to 1), CurrPicNum is set equal to 2 * frame num + 1.

bottom_field flag equal to 1 specifies that the slice is part of a coded bottom field. bottom field flag equal to 0
specifies that the picture is a coded top field. When this syntax element is not present for the current slice, it shall be
inferred to be equal to 0.

idr_pic_id identifies an IDR picture. The values of idr pic id in all the slices of an IDR picture shall remain
unchanged. When two consecutive access units in decoding order are both IDR access units, the value of idr pic 1d in
the slices of the first such IDR access unit shall differ from the idr_pic_id in the second such IDR access unit. The value
of idr_pic_id shall be in the range of 0 to 65535, inclusive.

pic_order cnt_Isb specifies the picture order count modulo MaxPicOrderCntLsb for the top field of a coded frame or
for a coded field. The size of the pic order cnt lsb syntax element is log2 max pic order cnt Isb minusd + 4 bits.
The value of the pic_order cnt Isb shall be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive.

delta_pic_order cnt_bottom specifies the picture order count difference between the bottom field and the top field of
a coded frame as follows.

— If the cument picture includes a memory management control operation equal to 5, the wvalue of
delta_pic_order_cnt_bottom shall be in the range of ( 1 — MaxPicOrderCntLsb ) to 2*! - 1, inclusive.

—  Otherwise (the current picture does not include a memory management control_operation equal to 5), the value of
delta_pic_order cnt bottom shall be in the range of —2°! to 23! - 1, inclusive.

When this syntax element is not present in the bitstream for the current slice, it shall be inferred to be equal to 0.

delta_pic_order cnt[ 0] specifies the picture order count difference from the expected picture order count for the top
field of a coded frame or for a coded field as specified in subclause 8.2.1. The value of delta pic_order cnt| 0 ] shall be
in the range of -2*! to 2%! - 1, inclusive. When this syntax element is not present in the bitstream for the current slice, it

shall be inferred to be equal to 0.

delta_pic_order cnt[ 1] specifies the picture order count difference from the expected picture order count for the
bottom field of a coded frame specified in subclause 8.2.1. The value of delta_pic_order cnt] 1 ] shall be in the range of
281 t0 2*! - 1, inclusive. When this syntax element is not present in the bitstream for the current slice, it shall be inferred
to be equal to 0.

redundant_pic_cnt shall be equal to 0 for slices and slice data partitions belonging to the primary coded picture. The
value of redundant _pic_cnt shall be greater than 0 for coded slices or coded slice data partitions of a redundant coded
picture. When redundant_pic_cnt is not present in the bitstream, its value shall be inferred to be equal to 0. The value of
redundant pic_cnt shall be in the range of 0 to 127, inclusive.

NOTE 4 — Any area of the decoded primary picture and the corresponding area that would result from application of the
decoding process specified in clause 8 for any redundant picture in the same access unit should be visually similar in appearance.

The value of pic_parameter set id in a coded slice or coded slice data partition of a redundant coded picture shall be
such that the value of pic_order present flag in the picture parameter set in use in a redundant coded picture is equal to
the value of pic_order present flag in the picture parameter set in use in the corresponding primary coded picture.

When present in the primary coded picture and any redundant coded picture, the following syntax elements shall have
the same value: field pic flag, bottom field flag, and idr pic id.
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When the value of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref idc in all other
VCL NAL units of the same access unit shall be equal to 0.
NOTE 5 — The above constraint also has the following implications. If the value of nal ref ide for the VCL NAL units of the
primary coded picture is equal to 0, the value of nal ref ide for the VCL NAL units of any corresponding redundant coded

picture are equal to 0; otherwise (the value of nal ref idc for the VCL NAL units of the primary coded picture is greater than 0),
the value of nal ref idc for the VCL NAL units of any corresponding redundant coded picture are also greater than 0.

The marking status of reference pictures and the value of frame num after the decoded reference picture marking
process as specified in subclause 8.2.5 is invoked for the primary coded picture or any redundant coded picture of the
same access unit shall be identical regardless whether the primary coded picture or any redundant coded picture (instead
of the primary coded picture) of the access unit would be decoded.

NOTE 6 — The above constraint also has the following implications.

If a primary coded picture is not an IDR picture, the contents of the dec ref pic marking( ) syntax structure must be identical in

all shice headers of the primary coded picture and all redundant coded pictures corresponding to the primary coded picture.

Otherwise (a primary coded picture is an IDR picture), the following applies.

If a redundant coded picture comresponding to the primary coded picture is an IDR picture, the contents of the

dec_ref pic marking( ) syntax structure must be identical in all slice headers of the primary coded picture and the redundant
coded picture corresponding to the primary coded picture.

Otherwise (a redundant picture corresponding to the primary coded picture is not an IDR picture), all slice headers of the
redundant picture must contain a dec ref pic marking syntax( ) structure including a memory management control operation
syntax element equal to 5, and the following apphies.

If the value of long_term reference flag in the primary coded picture is equal to 0, the dec_ref pic_marking syntax structure of
the redundant coded picture must not include a memory management control operation syntax element equal to 6.

Otherwise (the value of long_term reference flag in the primary coded picture is equal to 1), the dec_ref pic_marking syntax
structure of the redundant coded picture must include memory management control operation syntax elements equal to 5, 4, and
6 in decoding order, and the value of max long term frame idx plusl must be equal tol, and the value of
long term frame idx must be equal to 0.

The values of TopFieldOrderCnt and BottomFieldOrderCnt (if applicable) that result after completion of the decoding
process for any redundant coded picture or the primary coded picture of the same access unit shall be identical
regardless whether the primary coded picture or any redundant coded picture (instead of the primary coded picture) of
the access unit would be decoded.

There 1s no required decoding process for a coded slice or coded slice data partition of a redundant coded picture. When
the redundant pic_cnt in the slice header of a coded slice is greater than 0, the decoder may discard the coded slice.
However, a coded slice or coded slice data partition of any redundant coded picture shall obey the same constraints as a
coded slice or coded slice data partition of a primary picture.
NOTE 7 — When some of the samples in the decoded primary picture cannot be correctly decoded due to errors or losses in
transmission of the sequence and a coded redundant slice can be correctly decoded, the decoder should replace the samples of the
decoded primary picture with the corresponding samples of the decoded redundant slice. When more than one redundant slice
covers the relevant region of the primary picture, the redundant slice having the lowest value of redundant pic_cnt should be
used.

Redundant slices and slice data partitions having the same value of redundant pic_ent belong to the same redundant
picture. Decoded slices within the same redundant picture need not cover the entire picture area and shall not overlap.

direct_spatial mv_pred_flag specifies the method used in the decoding process to derive motion vectors and reference
indices for inter prediction as follows.

— If direct spatial mv pred flag is equal to 1, the derivation process for luma motion vectors for B Skip,
B Direct 16x16, and B _Direct 8x8 in subclause 8.4.1.2 shall use spatial direct mode prediction as specified in
subclause 8.4.1.2.2.

—  Otherwise (direct_spatial mv_pred flag is equal to 0), the derivation process for luma motion vectors for B_Skip,
B Direct 16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use temporal direct mode prediction as specified in
subclause 8.4.1.2.3.

num _ref idx active override flag equal to0O specifies that the values of the syntax elements
num_ref idx 10 active minusl and num ref idx 11 _active minusl specified in the referred picture parameter set are
in effect. num ref idx active override flag equal to 1 specifies that the num ref idx 10 active minusl and
num_ref idx 11 _active minusl specified in the referred picture parameter set are overridden for the current slice (and
only for the current slice) by the following values in the slice header.

When the current slice is a P, SP, or B slice and field pic flag is equal to0 and the value of
num_ref idx 10 active minusl in the picture parameter set exceeds 15, num ref idx active override flag shall be
equal to 1.
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When the current slice is a B slice and field pic flag is equal to 0 and the value of num ref idx 11_active minus1 in
the picture parameter set exceeds 15, num_ref idx active override flag shall be equal to 1.

num_ref idx 10 active minus1 specifies the maximum reference index for reference picture list O that shall be used to
decode the slice.

The range of num ref idx 10 active minusl is specified as follows.

— If field pic flag is equal to 0, num ref idx 10 active minusl shall be in the range of 0 to 15, inclusive. When
MbaffFrameFlag is equal to 1. num ref idx 10 active minusl is the maximum index value for the decoding of
frame macroblocks and 2 * num ref idx 10 active minusl + 1 is the maximum index value for the decoding of
field macroblocks.

—  Otherwise (field pic_flagis equal to 1), num ref i1dx 10 active_minusl shall be in the range of 0 to 31, inclusive.

num_ref idx 11_active minus1 has the same semantics as num_ref idx 10 active minusl with 10 and list 0 replaced
by 11 and list 1, respectively.

cabac_init_ide specifies the index for determining the initialisation table used in the initialisation process for context
variables. The value of cabac_init_idc shall be in the range of 0 to 2, inclusive.

slice gqp delta specifies the initial value of QPy to be used for all the macroblocks in the slice until modified by the
value of mb gp delta in the macroblock layer. The initial QPy quantisation parameter for the slice is computed as:

SliceQPy =26 + pic_init qp minus26 + slice qp delta (7-28)

The value of slice_qp_delta shall be limited such that SliceQPy is in the range of -QpBdOffsety to +51, inclusive.
sp_for switch_flag specifies the decoding process to be used to decode P macroblocks in an SP slice as follows.

— If sp_for switch flag is equal to 0, the P macroblocks in the SP slice shall be decoded using the SP decoding
process for non-switching pictures as specified in subclause 8.6.1.

—  Otherwise (sp_for switch flag is equal to 1), the P macroblocks in the SP slice shall be decoded using the SP and
SI decoding process for switching pictures as specified in subclause 8.6.2.

slice_qs_delta specifies the value of QSy for all the macroblocks in SP and SI slices. The QSy quantisation parameter
for the slice is computed as:

QSy =26+ pic_init_gs_minus26 + slice_qgs_delta (7-29)

The value of slice qs_delta shall be limited such that QSy is in the range of 0 to 51, inclusive. This value of QSy is used
for the decoding of all macroblocks in SI slices with mb_type equal to SI and all macroblocks in SP slices with
prediction mode equal to inter.

disable_deblocking _filter idc specifies whether the operation of the deblocking filter shall be disabled across some
block edges of the slice and specifies for which edges the filtering is disabled. When disable deblocking filter idc is
not present in the slice header, the value of disable deblocking filter idc shall be inferred to be equal to 0.

The value of disable_deblocking filter idc shall be in the range of 0 to 2, inclusive.

slice alpha c0 offset div2 specifies the offset used in accessing the a and tgy deblocking filter tables for filtering
operations controlled by the macroblocks within the slice. From this value, the offset that shall be applied when
addressing these tables shall be computed as:

FilterOffsetA = slice_alpha c0 offset divZ <<1 (7-30)

The value of slice alpha c0 offset div2 shall be in the range of -6 to +6, inclusive. When slice_alpha c0 offset div2
is not present in the slice header, the value of slice_alpha c0_offset div2 shall be inferred to be equal to 0.

slice beta offset div2 specifies the offset used in accessing the [ deblocking filter table for filtering operations
controlled by the macroblocks within the slice. From this value, the offset that is applied when addressing the P table of
the deblocking filter shall be computed as:

FilterOffsetB = slice_beta offset div2 <<1 (7-31)
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The value of slice beta offset div2 shall be in the range of -6 to +6, inclusive. When slice_beta offset div2 is not
present in the slice header the value of slice_beta_offset div2 shall be inferred to be equal to 0.

slice_group change cycle i1s used to derive the number of slice group map units i shice group 0 when
slice_group map type is equal to 3. 4, or 5. as specified by

MapUnitsInSliceGroup0 = Min( slice_group change cycle * SliceGroupChangeRate, PicSizeInMapUnits )  (7-32)

The value of slice_group change cycle is represented in the bitstream by the following number of bits

Ceil( Log2( PicSizeInMapUnits + SliceGroupChangeRate + 1) ) (7-33)

The value of slice_group change cycle shall be in the range of 0
to Ceil( PicSizeInMapUnits+SliceGroupChangeRate ), inclusive.

7.4.3.1 Reference picture list reordering semantics

The syntax elements reordering of pic nums ide, abs diff pic num minusl, and long term pic num specify the
change from the initial reference picture lists to the reference picture lists to be used for decoding the slice.

ref pic list reordering flag 10 equal to 1 specifies that the syntax element reordering_of pic_nums idc is present for
specifying reference picture list 0. ref pic_list reordering flag 10 equal to O specifies that this syntax element is not
present.

When ref pic list reordering_flag 10 is equal to 1, the number of times that reordering_of pic nums_ide is not equal
to 3 following ref pic list_reordering_ flag 10 shall not exceed num_ref idx 10 active minusl + 1.

When RefPicListO] num ref idx 10 active minusl ] in the initial reference picture list produced as specified in
subclause 8.2.4.2 is equal to "no reference picture”, ref pic list reordering flag 10 shall be equal to1 and
reordering of pic nums ide shall not be equal to3 until RefPicListO] num ref idx 10 active minusl ] in the
reordered list produced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

ref pic list reordering flag 11 equal to 1 specifies that the syntax element reordering of pic nums idc is present for
specifying reference picture list 1. ref pic list reordering flag 11 equal to O specifies that this syntax element is not
present.

When ref pic list reordering_flag 11 is equal to 1, the number of times that reordering_of pic nums_ide is not equal
to 3 following ref pic list reordering flag 11 shall not exceed num ref idx 11 active minusl + 1.

When decoding a slice with slice type equal to 1 or 6 and RefPicListl[ num ref idx 11 _active minus1 ] in the initial
reference picture list produced as specified in subclause 8.2.4.2 is equal to "no reference picture",
ref pic list reordering flag 11 shall be equal to 1 and reordering of pic nums_ide shall not be equal to 3 until
RefPicListl[ num_ref idx 11_active minusl ] in the reordered list produced as specified in subclause 8.2.4.3 is not
equal to "no reference picture”.

reordering of pic nums ide together with abs_diff pic num minusl or long term pic num specifies which of the
reference pictures are re-mapped. The values of reordering of pic nums_idc are specified in Table 7-7. The value of
the first reordering of pic nmums idc that follows immediately after ref pic list reordering flag 10 or
ref pic_list reordering flag 11 shall not be equal to 3.

Table 7-7 — reordering of pic nums_idc operations for reordering of reference picture lists

reordering of pic nums ide Reordering specified
0 abs_diff pic num minusl is present and corresponds to a difference to
subtract from a picture number prediction value
1 abs_diff pic num minus] is present and corresponds to a difference to
add to a picture number prediction value
2 long_term pic_num is present and specifies the long-term picture number
for a reference picture
3 End loop for reordering of the initial reference picture list
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abs_diff pic num minusl plus 1 specifies the absolute difference between the picture number of the picture being
moved to the current index in the list and the picture number prediction value. abs_diff pic num minus] shall be in the
range of 0 to MaxPicNum — 1. The allowed values of abs_diff pic num minusl are further restricted as specified in
subclause 8.2.4.3.1.

long term_pic_num specifies the long-term picture number of the picture being moved to the current index in the list.
When decoding a coded frame, long term pic num shall be equal to a LongTermPicNum assigned to one of the
reference frames or complementary reference field pairs marked as "used for long-term reference". When decoding a
coded field, long_term pic_num shall be equal to a LongTermPicNum assigned to one of the reference fields marked as
"used for long-term reference".

7.4.3.2 Prediction weight table semantics

luma log2 weight denom is the base 2 logarithm of the denominator for all luma weighting factors. The value of
luma log2 weight denom shall be in the range of 0 to 7, inclusive.

chroma_log2 weight denom is the base 2 logarithm of the denominator for all chroma weighting factors. The value of
chroma log2 weight denom shall be in the range of 0 to 7, inclusive.

luma weight 10 flag equal to 1 specifies that weighting factors for the luma component of list 0 prediction are present.
luma weight 10 flag equal to O specifies that these weighting factors are not present.

luma_weight 10[i] is the weighting factor applied to the luma prediction value for list 0 prediction using
RefPicList0[ i ]. When luma weight 10 flag is equal to 1, the value of luma weight 10[ i ] shall be in the range of
—128 to 127, inclusive. When luma weight 10 flag is equal to 0, luma weight 10[ i ] shall be inferred to be equal
to 2Memafog? weight denom g0 R o fPicListO] 1 ].

luma_offset 10[ 1] 1s the additive offset applied to the luma prediction value for list O prediction using RefPicListO[ 1 ].
The value of luma offset 10[ i ] shall be in the range of —128 to 127, inclusive. When luma weight 10 flag is equal
to 0, luma_offset 10[ i ] shall be inferred as equal to 0 for RefPicList0[ 1 ].

chroma_weight 10 flag equal to 1 specifies that weighting factors for the chroma prediction values of list 0 prediction
are present. chroma weight 10 flag equal to 0 specifies that these weighting factors are not present.

chroma_weight 10[i][]] is the weighting factor applied to the chroma prediction values for list 0 prediction using
RefPicList0[ i | with j equal to 0 for Cb and j equal to 1 for Cr. When chroma weight 10 flag is equal to 1, the value of
chroma_weight 10[ i ][ j ] shall be in the range of —128 to 127, inclusive. When chroma weight 10 flag is equal to 0,
chroma_weight 10[ 1 ][ j ] shall be inferred to be equal to 2°iroma log2 weight denom £, R ofPicT istO[ 1 ].

chroma_offset 10[i][j] is the additive offset applied to the chroma prediction values for list 0 prediction using
RefPicList0[ i | with j equal to 0 for Cb and j equal to 1 for Cr. The value of chroma offset 10[ i ][ j ] shall be in the
range of -128 to 127, inclusive. When chroma weight 10 flag is equal to 0, chroma_offset 10[ i ][ j ] shall be inferred
to be equal to 0 for RefPicList0[ i ].

luma_weight 11 flag, luma_weight 11, luma_offset_I1. chroma_weight 11 flag, chroma_weight 11,
chroma_offset 11 have the same semantics as luma weight 10 flag, luma weight 10, Iuma offset 10,
chroma_weight 10 flag. chroma weight 10, chroma offset 10. respectively, with 10, list 0, and List0 replaced by 11,
list 1, and List1, respectively.

7.4.3.3 Decoded reference picture marking semantics

The syntax elements no_output of prior pics flag, long term reference flag, adaptive ref pic marking mode flag,
memory management control operation, difference of pic nmums minusl, long_term frame idx,
long_term pic_num, and max long term frame idx plusl specify marking of the reference pictures.

The marking of a reference picture can be "unused for reference", "used for short-term reference", or "used for
long-term reference", but only one among these three. When a reference picture 1s referred to as being marked as "used
for reference"”, this collectively refers to the picture being marked as "used for short-term reference" or "used for long-
term reference” (but not both). A reference picture that is marked as "used for short-term reference" is referred to as a
short-term reference picture. A reference picture that is marked as "used for long-term reference" is referred to as a
long-term reference picture.

The syntax element adaptive ref pic marking mode flag and the content of the decoded reference picture marking
syntax structure shall be identical for all coded slices of a coded picture.

The syntax category of the decoded reference picture marking syntax structure shall be inferred as follows.

—  If the decoded reference picture marking syntax structure is in a slice header, the syntax category of the decoded
reference picture marking syntax structure shall be inferred to be equal to 2.
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—  Otherwise (the decoded reference picture marking syntax structure is in a decoded reference picture marking
repetition SEI message as specified in Annex D), the syntax category of the decoded reference picture marking
syntax structure shall be inferred to be equal to 5.

no_output_of prior pics flag specifies how the previously-decoded pictures in the decoded picture buffer are treated
after decoding of an IDR picture. See Annex C. When the IDR picture is the first IDR picture in the bitstream, the value
of no_output_of prior pics flag has no effect on the decoding process. When the IDR picture is not the first IDR
picture in the bitstream and the value of PicWidthInMbs, FrameHeightInMbs, or max_dec_frame buffering derived
from the active sequence parameter set is different from the value of PicWidthInMbs, FrameHeightlnMbs, or
max_dec frame buffering derived from the sequence parameter set active for the preceding picture,
no output of prior pics flag equal to 1 may be inferred by the decoder, regardless of the actual value of
no output of prior pics flag.

long term_reference flag equal to O specifies that the MaxLongTermFrameldx variable is set equal to “no long-term
frame indices™ and that the IDR picture is marked as “used for short-term reference”. long_term reference flag equal
to 1 specifies that the MaxLongTermFrameldx variable is set equal to 0 and that the current IDR picture is marked
“used for long-term reference” and is assigned LongTermFrameldx equal to 0. When num _ref frames is equal to 0,
long term reference flag shall be equal to 0.

adaptive ref pic marking mode flag selects the reference picture marking mode of the currently decoded picture as
specified in Table 7-8. adaptive ref pic_marking mode flag shall be equal to 1 when the number of frames,
complementary field pairs, and non-paired fields that are currently marked as "used for long-term reference” is equal to
Max( num_ref frames, 1).

Table 7-8 — Interpretation of adaptive ref pic marking mode flag

adaptive_ref pic_marking mode flag | Reference picture marking mode specified

0 Sliding window reference picture marking mode: A marking mode
providing a first-in first-out mechanism for short-term reference
pictures.

1 Adaptive reference picture marking mode: A reference picture

marking mode providing syntax elements to specify marking of
reference pictures as “nnused for reference™ and to assign long-term
frame indices.

memory_management control operation specifies a control operation to be applied to affect the reference picture
marking. The memory management control operation syntax element is followed by data necessary for the operation
specified by the value of memory management control operation. The values and control operations associated with
memory management control operation are specified in Table 7-9. The memory management control operation
syntax elements are processed by the decoding process in the order in which they appear in the slice header, and the
semantics constraints expressed for each memory management control operation apply at the specific position in that
order at which that individual memory management control operation is processed.

For interpretation of memory management control operation, the term reference picture is interpreted as follows.

— If the current picture is a frame, the term reference picture refers either to a reference frame or a complementary
reference field pair.

— Otherwise (the current picture is a field), the term reference picture refers either to a reference field or a field of a
reference frame.

memory management control operation shall not be equal to 1 in a slice header unless the specified reference picture
is marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.

memory management control operation shall not be equal to 2 in a slice header unless the specified long-term picture
number refers to a reference picture that is marked as "used for long-termn reference" when the
memory management control operation is processed by the decoding process.

memory management control operation shall not be equal to 3 in a slice header unless the specified reference picture
is marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.
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memory management control operation shall not be equal to 3 or 6 if the wvalue of the wvariable
MaxLongTermFrameldx is equal to "no long-term frame indices" when the memory management control operation is
processed by the decoding process.

Not more than one memory management_control operation equal to 4 shall be present in a slice header.
Not more than one memory management control operation equal to 5 shall be present in a slice header.
Not more than one memory management_control _operation equal to 6 shall be present in a slice header.

memory management control operation shall not be equal to 5 i a slice header wunless no
memory management control operation in the range of 1 to 3 is present in the same decoded reference picture marking
syntax structure.

A memory_management control operation equal to 5 shall not follow a memory management control operation equal
to 6 in the same slice header.

When a memory management control operation equal to 6 is present, any memory management control operation

equal to 2, 3, or 4 that follows the memory management control operation equal to 6 within the same slice header

shall not specify the current picture to be marked as "unused for reference".
NOTE 1 — These constraints prohibit any combination of multiple memory management control operation syntax elements that
would specify the current picture to be marked as "unused for reference". However, some other combinations of
memory management_control operation syntax elements are permitted that may affect the marking status of other reference
pictures more than once in the same slice header. In particular, it is permitted for a memory management control operation
equal to 3 that specifies a long-term frame index to be assigned to a particular short-term reference picture to be followed in the
same slice header by a memory management control operation equal to 2, 3, 4 or 6 that specifies the same reference picture to
subsequently be marked as "unused for reference".

Table 7-9 — Memory management control operation (memory management control operation) values

memory management control operation | Memory Management Control Operation

0 End memory management control operation
syntax element loop

1 Mark a short-term reference picture as
“unused for reference”

2 Mark a long-term reference picture as
“unused for reference”

3 Mark a short-term reference picture as
"used for long-term reference" and assign a
long-term frame index to it

4 Specify the maximum long-term frame index
and mark all long-term reference pictures
having long-term frame indices greater than
the maximum value as "unused for reference”

5 Mark all reference pictures as
"unused for reference" and set the
MaxLongTermFrameldx variable to
"no long-term frame indices"

6 Mark the current picture as
"used for long-term reference" and assign a
long-term frame index to it

When decoding a field and a memory_management control operation command equal to 3 is present that assigns a
long-term frame index to a field that is part of a short-term reference frame or part of a short-term complementary
reference field pair, another memory management control operation command to assign the same long-term frame
index to the other field of the same frame or complementary reference field pair shall be present in the same decoded
reference picture marking syntax structure.
NOTE 2 - The above requirement must be fulfilled even when the field referred to by the
memory_management control operation equal to 3 is subsequently marked as "unused for reference" (for example when a
memory_management_control operation equal to 2 is present in the same slice header that causes the field to be marked as
"unused for reference").
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When the first field (in decoding order) of a complementary reference field pair includes a long_term reference flag
equal to 1 or a memory management control_operation command equal to 6, the decoded reference picture marking
syntax structure for the other field of the complementary reference field pair shall contain a
memory management control operation command equal to 6 that assigns the same long-term frame index to the other
field.

NOTE 3 — The above requirement must be fulfilled even when the first field of the complementary reference field pair 1s
subsequently marked as "unused for reference" (for example, when a memory management control operation equal to 2 is
present in the slice header of the second field that causes the first field to be marked as "unused for reference").

difference of pic_nums minusl is used (with memory management control operation equal to 3 or 1) to assign a
long-term frame index to a short-term reference picture or to mark a short-term reference picture as “unused for
reference”. When the associated memory management control operation is processed by the decoding process, the
resulting picture number derived from difference of pic nums minusl shall be a picture number assigned to one of the
reference pictures marked as "used for reference" and not previously assigned to a long-term frame index.

The resulting picture number is constrained as follows.

— If field pic flag is equal to 0, the resulting picture number shall be one of the set of picture numbers assigned to
reference frames or complementary reference field pairs.
NOTE 4 — When field pic_flag is equal to 0, the resulting picture number must be a picture number assigned to a
complementary reference field pair in which both fields are marked as "used for reference” or a frame in which both
ficlds are marked as "used for reference”. In particular, when field pic_flag is equal to 0, the marking of a non-paired
field or a2 frame in which a single field is marked as "used for reference” cannot be affected by a
memory_management control operation equal to 1.

—  Otherwise (field pic flag is equal to 1), the resulting picture number shall be one of the set of picture numbers
assigned to reference fields.

long term_pic_num is used (with memory management control operation equal to 2) to mark a long-term reference
picture as "unused for reference". When the associated memory management control operation is processed by the
decoding process, long_term_pic_num shall be equal to a long-term picture number assigned to one of the reference
pictures that is currently marked as "used for long-term reference".

The resulting long-term picture number is constrained as follows.

— If field pic flag is equal to 0, the resulting long-term picture number shall be one of the set of long-term picture
numbers assigned to reference frames or complementary reference field pairs.
NOTE 5 — When field pic flag is equal to 0, the resulting long-term picture number must be a long-term picture
number assigned to a complementary reference field pair in which both fields are marked as "used for reference" or a
frame in which both fields are marked as "used for reference”. In particular, when ficld pic flag is equal to 0, the
marking of a non-paired field or a frame in which a single field is marked as "used for reference" cannot be affected
by a memory management control operation equal to 2.

—  Otherwise (field pic_flag is equal to 1), the resulting long-term picture number shall be one of the set of long-term
picture numbers assigned to reference fields.

long term frame idx is used (with memory management control operation equal to 3 or 6) to assign a long-term
frame mdex to a picture. When the associated memory management control operation is processed by the decoding
process, the value of long term_frame idx shall be in the range of 0 to MaxLongTermFrameldx. inclusive.

max_long term_frame idx plusl minus 1 specifies the maximum value of long-term frame index allowed for
long-term reference pictures (until receipt of another value of max long term frame idx plusl). The value of
max_long term frame idx plusl shall be in the range of 0 to num ref frames, inclusive.

7.44  Slice data semantics
cabac_alignment_one_bit is a bit equal to 1.

mb_skip run specifies the number of consecutive skipped macroblocks for which, when decoding a P or SP slice,
mb_type shall be inferred to be P_Skip and the macroblock type is collectively referred to as a P macroblock type, or
for which, when decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively
referred to as a B macroblock type. The value of mb skip run shall be in the range of 0 to PicSizeInMbs —
CurrMbAddr, inclusive.

mb_skip_flag equal to 1 specifies that for the current macroblock, when decoding a P or SP slice, mb_type shall be
inferred to be P_Skip and the macroblock type is collectively referred to as P macroblock type, or for which, when
decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred to as B
macroblock type. mb_skip flag equal to 0 specifies that the current macroblock is not skipped.
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mb _field decoding flag equal to 0 specifies that the cumrent macroblock pair is a frame macroblock pair.
mb_field decoding_flag equal to 1 specifies that the macroblock pair is a field macroblock pair. Both macroblocks of a
frame macroblock pair are referred to in the text as frame macroblocks, whereas both macroblocks of a field
macroblock pair are referred to in the text as field macroblocks.

When mb field decoding flag is not present for either macroblock of a macroblock pair, the value of
mb_field decoding_flag is derived as follows.

—  Ifthere is a neighbouring macroblock pair immediately to the left of the current macroblock pair in the same slice,
the value of mb_field decoding_flag shall be inferred to be equal to the value of mb_field decoding flag for the
neighbouring macroblock pair immediately to the left of the current macroblock pair.

—  Otherwise, if there is no neighbouring macroblock pair immediately to the left of the current macroblock pair in

the same slice and there is a neighbouring macroblock pair immediately above the current macroblock pair i the
same slice, the wvalue of mb field decoding flag shall be inferred to be equal to the value of
mb_field decoding_flag for the neighbouring macroblock pair immediately above the current macroblock pair,

—  Otherwise (there is no neighbouring macroblock pair either immediately to the left or immediately above the
current macroblock pair in the same slice), the value of mb field decoding flag shall be inferred to be equal to 0.

end_of slice flag equal to 0 specifies that another macroblock is following in the slice. end of slice flag equal to 1
specifies the end of the slice and that no further macroblock follows.

The function NextMbAddress( ) used i the slice data syntax table is specified in subclause 8.2.2.

7.4.5 Macroblock layer semantics
mb_type specifies the macroblock type. The semantics of mb_type depend on the slice type.

Tables and semantics are specified for the various macroblock types for I, SI, P, SP, and B slices. Each table presents
the value of mb type, the name of mb type, the number of macroblock partitions used (given by the
NumMbPart( mb_type )} function), the prediction mode of the macroblock (when it is not partitioned) or the first
partition (given by the MbPartPredMode( mb_type, 0 ) function) and the prediction mode of the second partition (given
by the MbPartPredMode( mb_type, 1 ) function). When a value is not applicable it is designated by “na”. In the text, the
value of mb_type may be referred to as the macroblock type and a value X of MbPartPredMode( ) may be referred to in
the text by "X macroblock (partition) prediction mode" or as “X prediction macroblocks”.

Table 7-10 shows the allowed collective macroblock types for each slice type.
NOTE 1 — There are some macroblock types with Pred 1.0 prediction mode that are classified as B macroblock types.

Table 7-10 — Allowed collective macroblock types for slice_type

slice_type Allowed collective macroblock types

I (slice) I (see Table 7-11) (macroblock types)

P (slice) P (see Table 7-13) and I (see Table 7-11) (macroblock types)
B (slice) B (see Table 7-14) and I (see Table 7-11) (macroblock types)
SI (slice) SI (see Table 7-12) and I (see Table 7-11) (macroblock types)
SP (slice) P (see Table 7-13) and I (see Table 7-11) (macroblock types)

transform_size 8x8 flag equal to 1 specifies that for the current macroblock the transform coefficient decoding
process and picture construction process prior to deblocking filter process for residual 8x8 blocks shall be invoked for
luma samples, and when ChromaArrayType == 3 also for Cb and Cr samples. transform size 8x8 flag equal to 0
specifies that for the current macroblock the transform coefficient decoding process and picture construction process
prior to deblocking filter process for residual 4x4 blocks shall be invoked for luma samples, and when
ChromaArrayType == 3 also for Cb and Cr samples. When transform_size 8x8 flag is not present in the bitstream, it
shall be inferred to be equal to 0.

NOTE 2 — When the current macroblock prediction mode MbPartPredMode( mb type,0) is equal toIntra 16x16,
transform size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

When sub mb type[ mbPartldx ] (see subclause 7.4.5.2) is present in the bitstream for all 8x8 blocks indexed by
mbPartldx = 0..3, the variable noSubMbPartSizel.essThan8x8Flag indicates whether for each of the four 8x8 blocks the
corresponding SubMbPartWidth( sub_mb_type[ mbPartldx ] ) and SubMbPartHeight( sub_mb_type[ mbPartldx | ) are
both equal to 8.
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NOTE 3 — When noSubMbPartSizel .essThan8x8Flag is equal to 0 and the current macroblock type is not equal to I NxN,

transform size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

Macroblock types that may be collectively referred to as I macroblock types are specified in Table 7-11.

The macroblock types for I slices are all I macroblock types.

Table 7-11 — Macroblock types for I slices

E 3| :g‘ % a2 E o B
a 2 g% £% E& L &8

2 L S~ £ =
0 I NxN 0 Intra_4x4 na Equation 7-34 | Equation 7-34
0 I NxN 1 Intra 8x8 na Equation 7-34 | Equation 7-34
1 116x16 0 0 0 na Intra 16x16 0 0 0
2 116216100 na Intra 16x16 1 0 0
3 116x16 2 0 0 na Intra_16x16 2 0 0
4 116x16 3 00 na Intra_16x16 3 0 0
5 I116x16 0 10 na Intra_16x16 0 1 0
6 I116x16 110 na Intra_16x16 1 1 0
7 116216 210 na Intra_16x16 2 1 0
8 116x16 3 1.0 na Intra_16x16 3 1 0
9 I116x16 02 0 na Intra_16x16 0 2 0
10 116x16 1 2 0 na Intra_16x16 1 2 0
11 116x16 220 na Intra_16x16 2 2 0
12 116x16 3 2 0 na Intra_16x16 3 2 0
13 116x16 0 0_1 na Intra_16x16 0 0 15
14 I16x16_1 01 na Intra_16x16 1 0 15
15 116x16 2 0 1 na Intra_16x16 2 0 15
16 116x16 3 01 na Intra 16x16 3 0 15
17 116x16 0 11 na Intra_16x16 0 1 15
18 I116x16 1.1 1 na Intra_16x16 1 1 15
19 116x16 2 1 1 na Intra_16x16 2 1 15
20 116x16 3 11 na Intra_16x16 3 1 15
21 116x16 0 21 na Intra 16x16 0 2 15
22 I116x16 12 1 na Intra_16x16 1 2 15
23 I116x16 2 2 1 na Intra_16x16 2 2 15
24 116x16 3 2 1 na Intra_16x16 3 2 15
25 I PCM na na na na na
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The following semantics are assigned to the macroblock types in Table 7-11.

I NxN: A mnemonic name for mb type equal to 0 with MbPartPredMode( mb type.0) equal to Intra 4x4 or
Intra_8x8.

I 16x16 0 0 0.1 16x16 1 0 0.1 16x16 2 0 0.1 16x16 3 0 0.1 16x16 0 1 0.1 16x16 1 1 0.1 16x16 2 1 0.
I16x16 31 0.1 16x160 2 0,1 16x161 2 0.1 16x16 22 0,1 16x16 3 2 0,1 16x16 0 0 1,1 16x16 1 0 1,
I16x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,1 16x16 1 1 1,1 16x16 2 1 1,1 16x16 3 1 1.1 16x16 0 2 1,
I16x16 1 2 1.1 16x16 2 2 1,1 16x16 3 2 1:the macroblock is coded as an Intra_16x16 prediction mode
macroblock.

To each Intra_16x16 prediction macroblock, an Intral6x16PredMode is assigned, which specifies the Intra 16x16
prediction mode, and values of CodedBlockPatternl.uma and CodedBlockPatternChroma are assigned as specified in
Table 7-11.

Intra_4x4 specifies the macroblock prediction mode and specifies that the Intra_4x4 prediction process is invoked as
specified in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra_8x8 specifies the macroblock prediction mode and specifies that the Intra_8x8 prediction process is invoked as
specified in subclause 8.3.2. Intra_8x8 is an Intra macroblock prediction mode.

Intra_16x16 specifies the macroblock prediction mode and specifies that the Intra_16x16 prediction process is invoked
as specified i subclause 8.3.3. Intra_16x16 is an Intra macroblock prediction mode.

For a macroblock coded with mb_type equal to I PCM, the Intra macroblock prediction mode shall be inferred.

A macroblock type that may be referred to as SI macroblock type is specified in Table 7-12.

The macroblock types for SI slices are specified in Table 7-12 and 7-11. The mb_type value 0 is specified in Table 7-12
and the mb_type values 1 to 26 are specified in Table 7-11, indexed by subtracting 1 from the value of mb_type.

Table 7-12 — Macroblock type with value 0 for SI slices

pe

mb_ty
Name of mb_type
MbPartPredMode
(mb_type, 0)
Intralox16PredMode
CodedBlockPatternChroma
CodedBlockPatternLuma

0 SI | Intra 4x4 | na | Equation 7-34 | Equation 7-34

The following semantics are assigned to the macroblock type in Table 7-12. The SI macroblock is coded as Intra_4x4
prediction macroblock.

Macroblock types that may be collectively referred to as P macroblock types are specified in Table 7-13.

The macroblock types for P and SP slices are specified in Table 7-13 and 7-11. mb_type values 0 to 4 are specified in
Table 7-13 and mb_type values 5 to 30 are specified in Table 7-11, indexed by subtracting 5 from the value of mb_type.
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Table 7-13 — Macroblock type values 0 to 4 for P and SP slices

g = =
= = S~ S~ = =
o 5 N B =7 2| 23
= = [T -9 T o T w =% =%
2 E =z - ? e -
I L =7 P & & £l ETl
2 - | %4 | I | £%| it
s 2 =
g 2- | 2% L8 | B=|E=
z = =
0 P 10 16x16 1 Pred L0 na 16 16
1 P L0 LO 16x8 2 Pred L0 Pred LO 16 8
2 P L0 L0 8x16 2 Pred L0 Pred LO 8 16
3 P_8x8 4 na na 8 8
4 P 8x8ref0 4 na na 8 8
inferred P_Skip 1 Pred 10 na 16 16

The following semantics are assigned to the macroblock types in Table 7-13.
P 10 _16x16: the samples of the macroblock are predicted with one luma macroblock partition of size 16x16 luma
samples and associated chroma samples.

P L0 LO MxN, with MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using
two luma partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated
chroma samples, respectively.

P 8x8: for each sub-macroblock an additional syntax element (sub mb type) is present in the bitstream that
specifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

P_8x8refl: has the same semantics as P_8x8 but no syntax element for the reference index (ref idx 10) is present
in the bitstream and ref idx 10[ mbPartIdx ] shall be inferred to be equal to O for all sub-macroblocks of the
macroblock (with indices mbPartIdx equal to 0..3).

P_Skip: no further data is present for the macroblock in the bitstream.

The following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-13.

Pred LO: specifies that the inter prediction process is invoked using list O prediction. Pred 1O is an Inter
macroblock prediction mode.

Macroblock types that may be collectively referred to as B macroblock types are specified in Table 7-14.

The macroblock types for B slices are specified in Table 7-14 and 7-11. The mb_type values 0 to 22 are specified in
Table 7-14 and the mb_type values 23 to 48 are specified in Table 7-11, indexed by subtracting 23 from the value of

mb_type.
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Table 7-14 — Macroblock type values 0 to 22 for B slices

2 2 2 - -
. 2 &% £= 2= D
= E zz L L 22| £=2
2! s % 2 % =) % ~ E 2| R
gy g =0 £t £t =E| 28
2 £~ R B
0 B Direct _16x16 na Direct na 8 8
1 B LO_16x16 1 Pred 1O na 16 16
2 B L1 16x16 1 Pred L1 na 16 16
3 B Bi 16x16 1 BiPred na 16 16
4 B L0 1O 16x8 2 Pred LO Pred 1O 16 8
5 B L0 L0 8x16 2 Pred 1O Pred 1O 8 16
6 B L1 L1 16x8 2 Pred L1 Pred L1 16 8
7 B L1 L1 8x16 2 Pred L1 Pred L1 8 16
8 B L0 L1 16x8 2 Pred 1O Pred L1 16 8
9 B L0 L1 8x16 2 Pred 1O Pred L1 8 16
10 B L1 L0 16x8 2 Pred L1 Pred 1O 16 8
11 B L1 10 8x16 2 Pred L1 Pred 1O 8 16
12 B 10 Bi 16x8 2 Pred LO BiPred 16 8
13 B 10 Bi 8x16 2 Pred 1O BiPred 8 16
14 B L1 Bi 16x8 2 Pred L1 BiPred 16 8
15 B Ll Bi 8x16 2 Pred L1 BiPred 8 16
16 B Bi L0 16x8 2 BiPred Pred 10 16 8
17 B Bi L0 8x16 2 BiPred Pred 10 8 16
18 B Bi L1 16x8 2 BiPred Pred L1 16 8
19 B Bi L1 8x16 2 BiPred Pred L1 8 16
20 B Bi Bi 16x8 2 BiPred BiPred 16 8
21 B Bi Bi 8x16 2 BiPred BiPred 8 16
22 B_8x8 4 na na 8 8
inferred B Skip na Direct na 8 8

The following semantics are assigned to the macroblock types in Table 7-14:

— B Direct 16x16: no motion vector differences or reference indices are present for the macroblock in the bitstream.
The functions MbPartWidth( B Direct 16x16 ), and MbPartHeight( B Direct 16x16 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.
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— B X 16x16 with X being replaced by L0, L1, or Bi: the samples of the macroblock are predicted with one luma
macroblock partition of size 16x16 luma samples and associated chroma samples. For a macroblock with type
B_X 16x16 with X being replaced by either 1.0 or L1, one motion vector difference and one reference index is
present in the bitstream for the macroblock. For a macroblock with type B X 16x16 with X being replaced by Bi,
two motion vector differences and two reference indices are present in the bitstream for the macroblock.

— B X0 X1 MxN, with X0, X1 referring to the first and second macroblock partition and being replaced by L0, L1,
or Bi, and MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using two luma
partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated chroma
samples, respectively. For a macroblock partition X0 or X1 with X0 or X1 being replaced by either LO or L1, one
motion vector difference and one reference index is present in the bitstream. For a macroblock partition X0 or X1
with X0 or X1 being replaced by Bi, two motion vector differences and two reference indices are present in the
bitstream for the macroblock partition.

— B 8x8: for each sub-macroblock an additional syntax element (sub_mb type) is present in the bitstream that
specifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

— B _Skip: no further data is present for the macroblock in the bitstream. The functions MbPartWidth( B_Skip ). and
MbPartHeight( B_Skip ) are used in the derivation process for motion vectors and reference frame indices in
subclause 8.4.1 for direct mode prediction.

The following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-14.

—  Direct: no motion vector differences or reference indices are present for the macroblock (in case of B_Skip or
B _Direct _16x16) in the bitstream. Direct is an Inter macroblock prediction mode.

—  Pred LO: see semantics for Table 7-13.

—  Pred L1: specifies that the Inter prediction process is invoked using list 1 prediction. Pred L1 is an Inter
macroblock prediction mode.

—  BiPred: specifies that the Inter prediction process is invoked using list 0 and list 1 prediction. BiPred is an Inter
macroblock prediction mode.

pem_alignment zero_bit is a bit equal to 0.

pcem_sample luma[ i ] is a sample value. The first pem_sample lumal i | values represent luma sample values in the
raster scan within the macroblock. The number of bits used to represent each of these samples is BitDepthy. When
profile idc is not equal to 44, 100, 110, 122, or 244, pcm_sample luma[ 1 ] shall not be equal to 0.

pem_sample chroma[i] is a sample value. The first MbWidthC * MbHeightC pem sample chroma[i] values
represent Cb sample values in the raster scan within the macroblock and the remaining MbWidthC * MbHeightC
pem_sample chromal i | values represent Cr sample values in the raster scan within the macroblock. The number of
bits used to represent each of these samples is BitDepthc. When profile idc is not equal to 44, 100, 110, 122, or 244,
pem_sample chromal 1 | shall not be equal to 0.

coded block pattern specifies which of the four 8x8 luma blocks and associated chroma blocks of a macroblock may
contain non-zero transform coefficient levels. When coded block pattern is present in the bitstream, the variables
CodedBlockPatternL.uma and CodedBlockPatternChroma are derived as follows.

CodedBlockPatternLuma = coded_block_pattern % 16
CodedBlockPatternChroma = coded block pattern/ 16 (7-34)

When the macroblock type is not equal to I PCM, the following applies.

—  If the macroblock prediction mode is equal Intra_16x16, the following applies.

— If ChromaArrayType 1s not equal to 3, the value of CodedBlockPatternl.uma distinguishes between the
following cases.

—  If CodedBlockPatternLuma is equal to 0, all AC transform coefficient levels of the luma component of
the macroblock are equal to 0 for all 16 of the 4x4 blocks in the 16x16 luma block.

—  Otherwise (CodedBlockPatternLuma is not equal to 0), CodedBlockPatternLuma is equal to 15, at least
one of the AC transform coefficient levels of the luma component of the macroblock shall be non-zero,
and the AC transform coefficient levels are scanned for all 16 of the 4x4 blocks in the 16x16 block.

ITU-T Rec. H.264 (11/2007) 95

117



—  Otherwise (ChromaArrayType is equal to 3), the value of CodedBlockPatternLuma distinguishes between the
following cases.

—  If CodedBlockPatternLuma is equal to 0, all AC transform coefficient levels of the luma, Cb, and Cr
components of the macroblock are equal to O for all 16 of the 4x4 blocks in the luma, Cb, and Cr
components of the macroblock.

—  Otherwise (CodedBlockPatternLuma is not equal to 0), CodedBlockPatternLuma is equal to 15, at least
one of the AC transform coefficient levels of the luma, Cb, or Cr components of the macroblock shall be
non-zero, and the AC transform coefficient levels are scanned for all 16 of the 4x4 blocks in the luma
Cb, and Cr components of the macroblock.

—  Otherwise (the macroblock prediction mode is not equal to Intra 16x16), coded block pattern is present in the
bitstream, and the following applies.

—  If ChromaArrayType is not equal to 3, each of the four LSBs of CodedBlockPatternLuma distinguishes, for
one of the four 8x8 luma blocks of the macroblock, between the following cases.

—  If the corresponding bit of CodedBlockPatternLuma is equal to 0, all transform coefficient levels of the
luma transform blocks in the 8x8 luma block are equal to zero.

—  Otherwise (the corresponding bit of CodedBlockPatternLuma is equal to 1), one or more transform
coefficient levels of one or more of the luma transform blocks i the 8x8 luma block shall be non-zero
valued and the transform coefficient levels of the corresponding transform blocks are scanned.

—  Otherwise (ChromaArrayType is equal to 3), each of the four LSBs of CodedBlockPatternl.uma
distinguishes, for one of the four 8x8 luma blocks of the macroblock, between the following cases.

—  If the corresponding bit of CodedBlockPatternLuma is equal to 0, all transform coefficient levels of the
luma, Cb, and Cr transform blocks in the 8x8 luma block are equal to zero.

—  Otherwise (the corresponding bit of CodedBlockPatternLuma is equal to 1), one or more transform
coefficient levels of one or more of the luma. Cb, or Cr transform blocks in the 8x8 luma block shall be
non-zero valued and the transform coefficient levels of the corresponding transform blocks are scanned.

When the macroblock type is not equal to I PCM, CodedBlockPatternChroma is interpreted as follows.
—  If ChromaArrayType is not equal to 0 or 3, CodedBlockPatternChroma is specified in Table 7-15.

—  Otherwise (ChromaArrayType is equal to O or 3), the bitstream shall not contain data that results in a derived value
of CodedBlockPatternChroma that is not equal to 0.

Table 7-15 — Specification of CodedBlockPatternChroma values

CodedBlockPatternChroma | Description

0 All chroma transform coefficient levels are equal to 0.

1 One or more chroma DC transform coefficient levels shall be non-zero valued.
All chroma AC transform coefficient levels are equal to 0.

2 Zero or more chroma DC transform coefficient levels are non-zero valued.
One or more chroma AC transform coefficient levels shall be non-zero valued.

mb_qp_delta can change the value of QPy in the macroblock layer. The decoded value of mb_qp_delta shall be m the
range of —( 26 + QpBdOffsety / 2) to +( 25 + QpBdOffsety / 2 ), inclusive. mb_qp_delta shall be inferred to be equal
to 0 when it is not present for any macroblock (including P_Skip and B_Skip macroblock types).

The value of QPy is derived as

QPy = (( QPyprev + mb_gp_delta + 52 + 2 * QpBdOffsety ) % ( 52 + QpBdOffsety ) ) - QpBdOfisety (7-35)

where QPy prey is the luma quantisation parameter, QPy. of the previous macroblock in decoding order in the current
slice. For the first macroblock in the slice QPy pggv is initially set equal to SliceQPy derived in Equation 7-28 at the start
of each slice.

The value of QP'y is derived as

QP'y = QPy + QpBdOffsety (7-36)
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7.4.5.1 Macroblock prediction semantics
All samples of the macroblock are predicted. The prediction modes are derived using the following syntax elements.

prev_intradx4 pred mode flag[ luma4x4BlkIdx] and rem intrad4x4 pred mode[ lumad4x4BIkIdx ] specify the
Intra_4x4 prediction of the 4x4 luma block with index luma4x4BIlkIdx = 0..15. When ChromaArrayType is equal to 3,
prev_intradx4 pred mode flag] luma4x4BIkIdx ] and rem intrad4x4 pred mode[ luma4x4BIkIdx ] also specify the
Intra_4x4 prediction of the 4x4 Cb block with luma4x4BIlkIdx equal to cb4x4BlkIdx for cb4x4BlkIdx = 0..15 and the
Intra_4x4 prediction of the 4x4 Cr block with luma4x4BIkIdx equal to cr4x4BIkIdx for cr4x4BlkIdx =0..15.

prev_intra8x8 pred mode flag] luma8x8BlkIdx ] and rem intra8x8 pred mode[ luma8x8BlkIdx | specify the
Intra_8x8 prediction of the 8x8 luma block with index luma8x8BIlkIdx = 0..3. When ChromaArrayType is equal to 3,
prev_intra8x8 pred mode flag] luma8x8BIlkIdx ] and rem intra8x8 pred mode[ luma8x8BIkIdx ] also specify the
Intra_8x8 prediction of the 8x8 Cb block with luma8x8BIlkIdx equal to cb8x8BlkIdx for cb8x8BIkIdx = 0..3 and the
Intra_8x8 prediction of the 8x8 Cr block with index luma8x8BIkIdx equal to cr8x8BIlkIdx for cr8x8BlkIdx = 0..3.

intra_chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using Intra_4x4 or
Intra_16x16 prediction, as shown in Table 7-16. The value of intra_chroma_ pred mode shall be in the range of 0 to 3,
inclusive.

Table 7-16 — Relationship between infra chroma pred mode and spatial prediction modes

intra_chroma_pred_mode Intra Chroma Prediction Mode
0 DC
1 Horizontal
2 Vertical
3 Plane

ref idx 10] mbPartTdx | when present, specifies the index in reference picture list 0 of the reference picture to be used
for prediction.

The range of ref idx 10[ mbPartIdx ], the index in list O of the reference picture, and. if applicable, the parity of the
field within the reference picture used for prediction are specified as follows.

—  If MbaftFrameFlag is equal to 0 or mb _field decoding flag is equal to 0, the value of ref 1dx 10[ mbPartldx | shall
be in the range of 0 to num ref idx 10 active minusl, inclusive.

—  Otherwise (MbaffFrameFlag is equal tol and mb field decoding flag is equal to1l), the wvalue of
ref idx 10[ mbPartIdx ] shall be in the range of 0 to 2 * num_ref idx 10 active minusl + 1, inclusive.

When only one reference picture is used for inter prediction, the values of ref idx 10[ mbPartldx | shall be inferred to

be equal to 0.

ref idx 11| mbPartldx ] has the same semantics as ref idx_10, with 10 and list O replaced by 11 and list 1, respectively.

mvd_10] mbPartIdx ][ 0 ][ compldx ] specifies the difference between a vector component to be used and its prediction.
The index mbPartldx specifies to which macroblock partition mvd 10 is assigned. The partitioning of the macroblock is
specified by mb_type. The horizontal motion vector component difference is decoded first in decoding order and is
assigned Compldx = 0. The vertical motion vector component is decoded second in decoding order and is assigned
Compldx = 1. The range of the components of mvd 10[ mbPartIdx ][ 0 ][ compldx ] is specified by constraints on the
motion vector variable values derived from it as specified in Annex A.

mvd_11[ mbPartIdx ][ 0 ][ compldx | has the same semantics as mvd 10, with 10 and LO replaced by 11 and LI,
respectively.

7.4.5.2 Sub-macroblock prediction semantics
sub_mb_type[ mbPartIdx ] specifies the sub-macroblock types.

Tables and semantics are specified for the various sub-macroblock types for P, and B macroblock types. Each table
presents the value of sub_mb_type, the name of sub_mb_type, the number of sub-macroblock partitions used (given by
the NumSubMbPart( sub mb type) function)., and the prediction mode of the sub-macroblock (given by the
SubMbPredMode( sub mb type ) function). In the text, the wvalue of sub mb type may be referred to by
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“sub-macroblock type”. In the text, the value of SubMbPredMode( ) may be referred to by “sub-macroblock prediction
mode”.

The interpretation of sub_mb_type| mbPartldx | for P macroblock types is specified in Table 7-17, where the row for
"inferred" specifies values inferred when sub_mb_type[ mbPartIdx ] is not present.

Table 7-17 — Sub-macroblock types in P macroblocks

= = = = = "
= = = = = =
=} - o= == -
5 5 £E | 2E £F | E&
o A & A =< = T &
= =2 == = == - =
£ SE = E TE tE tE
— — == A o — o —
& = = 5= o & o = = =
= <z e = =& sz
I \ I = [ I
= = -] s = £= <=
£ E ZE w E = E & E
= = = = = =
g H H H H H
inferred na na na na na
0 P L0 8x8 1 Pred 1O 8 8
1 P L0 8x4 2 Pred 1O 8 4
2 P L0 4x8 2 Pred 1O 4 8
3 P L0 4x4 4 Pred 1.0 4 4

The following semantics are assigned to the sub-macroblock types in Table 7-17.

— P L0 MxN, with MxN being replaced by 8x8, 8x4, 4x8, or 4x4: the samples of the sub-macroblock are predicted
using one luma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or two luma
partitions of size MxN equal to 4x8, or four luma partitions of size MxN equal to 4x4, and associated chroma

samples, respectively.
The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-17.
—  Pred LO0: see semantics for Table 7-13.

The interpretation of sub_mb_type[ mbPartIdx ] for B macroblock types is specified in Table 7-18, where the row for
"inferred" specifies values inferred when sub_mb_type[ mbPartIdx ] is not present, and the inferred value "mb_type"
specifies that the name of sub_mb_type[ mbPartIdx ] is the same as the name of mb_type for this case.

98 ITU-T Rec. H.264 (03/2005)

120



Table 7-18 — Sub-macroblock types in B macroblocks
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inferred mb_type 4 Direct 4 4

0 B Direct 8x8 4 Direct 4 4

1 B L0 _8x8 1 Pred 1O 8 8

2 B L1 8x8 1 Pred L1 8 8

3 B_Bi_8x8 1 BiPred 8 8

4 B L0 8x4 2 Pred 1O 8 4

5 B 10 4x8 2 Pred 1O 4 8

6 B L1 8x4 2 Pred L1 8 4

7 B L1 4x8 2 Pred L1 4 8

8 B Bi 8x4 2 BiPred 8 4

9 B Bi 4x8 2 BiPred 4 8

10 B L0 4x4 4 Pred 10 4 4

11 B L1 4x4 4 Pred L1 4 4

12 B_Bi 4x4 4 BiPred 4 4

The following semantics are assigned to the sub-macroblock types in Table 7-18:

B_Skip and B_Direct 16x16: no motion vector differences or reference indices are present for the sub-macroblock
in the bitstream. The functions SubMbPartWidth( ) and SubMbPartHeight( ) are used in the derivation process for
motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B Direct 8x8: no motion vector differences or reference indices are present for the sub-macroblock in the
bitstream. The functions SubMbPartWidth( B Direct 8x8 ) and SubMbPartHeight( B Direct 8x8 ) are used in the
derivation process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_X MxN, with X being replaced by L0, L1, or Bi, and MxN being replaced by 8x8, 8x4, 4x8 or 4x4: the samples
of the sub-macroblock are predicted using one luma partition of size MxN equal to 8x8, or the samples of the
sub-macroblock are predicted using two luma partitions of size MxN equal to 8x4, or the samples of the
sub-macroblock are predicted using two luma partitions of size MxN equal to 4x8, or the samples of the
sub-macroblock are predicted using four luma partitions of size MxN equal to 4x4, and associated chroma
samples, respectively. All sub-macroblock partitions share the same reference index. For an MxN sub-macroblock
partition in a sub-macroblock with sub_mb_type being B X MxN with X being replaced by either LO or L1, one
motion vector difference is present in the bitstream. For an MxN sub-macroblock partition in a sub-macroblock
with sub_mb_type being B Bi MxN, two motion vector difference are present in the bitstream.

The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-18.

Direct: see semantics for Table 7-14.
Pred 1.0: see semantics for Table 7-13.
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—  Pred L1: see semantics for Table 7-14.
—  BiPred: see semantics for Table 7-14.

ref idx 10] mbPartldx ] has the same semantics as ref idx 10 in subclause 7.4.5.1.
ref idx 11] mbPartTdx ] has the same semantics as ref idx 11 in subclause 7.4.5.1.

mvd_10[ mbPartIdx ][ subMbPartldx ][ compldx ] has the same semantics as mvd_10 in subclause 7.4.5.1, except that it
is applied to the sub-macroblock partition index with subMbPartIdx. The indices mbPartIdx and subMbPartIdx specify
to which macroblock partition and sub-macroblock partition mvd 10 is assigned.

mvd_11] mbPartldx ][ subMbPartldx |[ compldx | has the same semantics as mvd 11 in subclause 7.4.5.1.

7.45.3 Residual data semantics
The syntax structure residual block( ), which is used for parsing the transform coefficient levels, is assigned as follows.

—  If entropy_coding mode flag is equal to 0, residual block is set equal to residual block cavle, which is used for
parsing the syntax elements for transform coefficient levels.

—  Otherwise (entropy coding mode flag is equal to 1), residual block is set equal to residual block cabac, which is
used for parsing the syntax elements for transform coefficient levels.

The syntax structure residual luma( i16x16DClevel, i16x16AClevel, level, level8x8 ) is used with the variables in
brackets being its output and being assigned as follows.

Intral 6x16DCLevel is set equal to 116x16DClevel, Intral 6x16ACLevel is set equal to 116x16AClevel, Lumal evel is set
equal to level, and Lumal evel8x8 is set equal to level8x8.

When ChromaArrayType is equal to 1 or 2, the following applies.

—  For each chroma component, indexed by iCbCr = 0..1, the DC transform coefficient levels of the 4 * NumC8x8
4x4 chroma blocks are parsed into the iCbCr-th list ChromaDCLevel[ iCbCr ].

— For each of the 4x4 chroma blocks, indexed by i14x4 =0..3 and 18x8 = 0.NumC8x8 — 1. of each chroma
component, indexed by iCbCr = 0..1, the 15 AC transform coefficient levels are parsed into the (18x8*4 + 14x4)-th
list of the iCbCr-th chroma component ChromaACLevel[ iCbCr ][ 18x8%4 +i4x4 ].

When ChromaArrayType is equal to 3, the following applies.

— The syntax structure residual luma( 116x16DClevel, i16x16AClevel, level, level8x8) is used for the Cb
component with the variables in brackets being its output and being assigned as follows. CbIntral6x16DCLevel is
set equal to i16x16DClevel, CbIntral6x16ACLevel is set equal to i16x16AClevel, CbLevel is set equal to level,
and CbLevel8x8 is set equal to level8x8.

—  The syntax structure residual_luma( 116x16DClevel, 116x16AClevel, level, level8x8 ) is used for the Cr component
with the variables in brackets being its output and being assigned as follows. CrIntral6x16DCLevel is set equal to
i16x16DClevel, CrIntral6x16ACLevel is set equal to i16x16AClevel, CrLevel is set equal to level, and
CrLevel8x8 is set equal to level8x8.

7.4.5.3.1 Residual luma data semantics
Output of this syntax structure are the variables i16x16DClevel, i16x16AClevel, level, and level8x8.
The syntax structure residual block( ), which is used for parsing the transform coefficient levels, is assigned as follows.

—  If entropy_coding mode flag is equal to 0, residual block is set equal to residual block cavle, which is used for
parsing the syntax elements for transform coefficient levels.

—  Otherwise (entropy coding mode flag is equal to 1), residual block is set equal to residual block cabac, which is
used for parsing the syntax elements for transform coefficient levels.

Depending on mb_type, the syntax structure residual block( coeffLevel, maxNumCoeff ) is used with the arguments
coeffLevel, which is a list containing the maxNumCoeff transform coefficient levels that are parsed in residual block( )
and maxNumCoeff as follows.

Depending on MbPartPredMode( mb_type, 0 ), the following applies.

—  If MbPartPredMode( mb_type, 0) is equal to Intra_16x16, the transform coefficient levels are parsed into the list
i16x16DClevel and into the 16 lists i16x16AClevel[ i . 116x16DClevel contains the 16 transform coefficient levels
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of the DC transform coefficient levels for each 4x4 luma block. For each of the 16 4x4 luma blocks indexed by
i=0..15, the 15 AC transform coefficients levels of the i-th block are parsed into the i-th list il6x16AClevel[ i ].

—  Otherwise (MbPartPredMode( mb_type, 0 ) 1s not equal to Intra_16x16), the following applies.

—  If transform_size 8x8 flag is equal to 0, for each of the 16 4x4 luma blocks indexed by i=0..15, the 16
transform coefficient levels of the i-th block are parsed into the i-th list level[ 1 ].

—  Otherwise (transform size 8x8 flag is equal to 1), for each of the 4 8x8 luma blocks indexed by i8x8 =0..3,
the following applies.

— If enfropy coding mode flag is equal to 0, first for each of the 4 4x4 luma blocks indexed by
i4x4=0.3, the 16 transform coefficient levels of the idx4-th block are parsed into the
(18x8 * 4 + i4x4)-th list level[ i8x8 * 4 +i4x4 ]. Then, the 64 transform coefficient levels of the i8x8-th
8x8 luma block which are indexed by 4 * i +i4x4, where i=0..15 and i4x4=0.3, are derived as
level8x8[ i8x8 ][4 * i+ idx4 | =level[ i8x8 *4 +id4x4 |[ 1]

NOTE — The 4x4 luma blocks with luma4x4BlkIdx = i8x8 * 4 + i4x4 containing every fourth transform coefficient
level of the corresponding 18x8-th 8x8 luma block with offset 14x4 are assumed to represent spatial locations given
by the inverse 4x4 luma block scanning process in subclause 6.4.3.

—  Otherwise (entropy coding mode flag is equal to 1), the 64 transform coefficient levels of the 18x8-th
block are parsed into the 18x8-th list level8x8[ 18x8 |.

7.4.5.3.2 Residual block CAVLC semantics

The function TotalCoeff{ coeff token ) that is used in subclause 7.3.5.3.2 returns the number of non-zero transform
coefficient levels derived from coeff token.

The function TrailingOnes( coeff token ) that is used in subclause 7.3.5.3.2 returns the trailing ones derived from
coeff token.

coeff token specifies the total number of non-zero transform coefficient levels and the number of trailing one transform
coefficient levels in a transform coefficient level scan. A trailing one transform coefficient level is one of up to three
consecutive non-zero transform coefficient levels having an absolute value equal to 1 at the end of a scan of non-zero
transform coefficient levels. The range of coeff token is specified in subclause 9.2.1.

trailing ones sign_flag specifies the sign of a trailing one transform coefficient level as follows.
— Iftrailing ones sign flag is equal to 0, the corresponding transform coefficient level is decoded as +1.
—  Otherwise (trailing_ones sign flag equal to 1), the corresponding transform coefficient level is decoded as -1.

level prefix and level suffix specify the value of a non-zero transform coefficient level. The range of level prefix and
level suffix is specified in subclause 9.2.2.

total_zeros specifies the total number of zero-valued transform coefficient levels that are located before the position of
the last non-zero transform coefficient level in a scan of transform coefficient levels. The range of total zeros is
specified in subclause 9.2.3.

run_before specifies the number of consecutive transform coefficient levels in the scan with zero value before a
non-zero valued transform coefficient level. The range of run_before is specified in subclause 9.2.3.

coeffLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.

7.4.5.3.3 Residual block CABAC semantics

coded block flag specifies whether the block contains non-zero transform coefficient levels as follows.

—  Ifcoded block flag is equal to 0, the block contains no non-zero transform coefficient levels.

—  Otherwise (coded_block flag is equal to 1), the block contains at least one non-zero transform coefficient level.
When coded block flag is not present, it is inferred to be equal to 1.

significant_coeff flag[ 1] specifies whether the transform coefficient level at scanning position i is non-zero as follows.
—  Ifsignificant coeff flag[ 1] is equal to 0, the transform coefficient level at scanning position i is set equal to 0;

—  Otherwise (significant coeff flag[i] is equal to 1), the transform coefficient level at scanning position 1 has a
non-zero value.
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last_significant_coeff flag[i] specifies for the scanning position i whether there are non-zero transform coefficient
levels for subsequent scanning positions i + 1 to maxNumCoeff — 1 as follows.

If last_significant coeff flag[ 1] is equal to 1, all following transform coefficient levels (in scanming order) of the
block have value equal to 0.

Otherwise (last_significant coeff flag[ 1] is equal to 0), there are further non-zero transform coefficient levels
along the scanning path.

coeff abs level minusi[i] is the absolute value of a transform coefficient level minus 1. The wvalue of
coeff abs level minusl is constrained by the limits in subclause 8.5.

coeff sign flag[ 1] specifies the sign of a transform coefficient level as follows.

If coeff sign flag is equal to 0, the corresponding transform coefficient level has a positive value.

Otherwise (coeff sign flag is equal to 1), the corresponding transform coefficient level has a negative value.

coefflLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.

8

Decoding process

Outputs of this process are decoded samples of the current picture (sometimes referred to by the variable CurrPic).

Depending on the value of chroma_format idc, the number of sample arrays of the current picture is as follows.

If chroma format ide is equal to 0. the current picture consists of 1 sample array Sp.
Otherwise (chroma_format idc is not equal to 0), the current picture consists of 3 sample arrays S;. Scy. Se.-

This clause describes the decoding process, given syntax elements and upper-case variables from clause 7.

The

decoding process is specified such that all decoders shall produce numerically identical results. Any decoding

process that produces identical results to the process described here conforms to the decoding process requirements of
this Recommendation | International Standard.

Each picture referred to in this clause is a complete or part of a primary coded picture. Each slice referred to in this
clause is a slice of a primary coded picture. Each slice data partition referred to in this clause is a slice data partition of a
primary coded picture.

Depending on the value of separate_colour plane flag, the decoding process is structured as follows.

If separate colour plane flag is equal to 0, the decoding process is invoked a single time with the current picture
being the output.

Otherwise (separate_colour plane flag is equal to 1), the decoding process is invoked three times. Inputs to the
decoding process are all NAL units of the primary coded picture with identical value of colour plane id. The
decoding process of NAL units with a particular value of colour plane id is specified as if only a coded video
sequence with monochrome colour format with that particular value of colour plane id would be present in the
bitstream. The output of each of the three decoding processes is assigned to the 3 sample arrays of the current
picture with the NAL umts with colour plane id equal to O being assigned to S;, the NAL units with
colour plane id equal to 1 being assigned to Sc,. and the NAL units with colour plane id equal to 2 being
assigned to Sc,.

NOTE - The variable ChromaArrayType is derived as 0 when separate colour plane flag is equal to 1 and chroma format ide
is equal to 3. In the decoding process, the value of this variable is evaluated resulting in operations identical to that of
monochrome pictures with chroma_format_idc being equal to 0.

An overview of the decoding process is given as follows.

102

The decoding of NAL units is specified in subclause 8.1.
The processes in subclause 8.2 specify decoding processes using syntax elements in the slice layer and above.

—  Vanables and functions relating to picture order count are derived in subclause 8.2.1. (only needed to be
invoked for one slice of a picture).

—  Variables and functions relating to the macroblock to slice group map are derived in subclause 8.2.2. (only
needed to be invoked for one slice of a picture).

—  The method of combining the various partitions when slice data partitioning is used is described in subclause
8.2.3.
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—  When the frame num of the current picture is not equal to PrevRefFrameNum and is not equal to
( PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding process for gaps in frame num is performed
according to subclause 8.2.5.2 prior to the decoding of any slices of the current picture.

— At the beginning of the decoding process for each P, SP, or B slice, the decoding process for reference picture
lists construction specified in subclause 8.2.4 performed for derivation of reference picture list 0
(RefPicList0), and when decoding a B slice, reference picture list 1 (RefPicList1).

—  When the current picture is a reference picture and after all slices of the current picture have been decoded,
the decoded reference picture marking process in subclause 8.2.5 specifies how the current picture is used in
the decoding process of inter prediction in later decoded pictures.

—  The processes in subclauses 8.3, 8.4, 8.5, 8.6, and 8.7 specify decoding processes using syntax elements in the
macroblock layer and above.

—  The intra prediction process for I and SI macroblocks, except for I PCM macroblocks as specified in
subclause 8.3, has intra prediction samples as its output. For I PCM macroblocks subclause 8.3 directly
specifies a picture construction process. The output are the constructed samples prior to the deblocking filter
process.

—  The inter prediction process for P and B macroblocks is specified in subclause 8.4 with inter prediction
samples being the output.

—  The transform coefficient decoding process and picture construction process prior to deblocking filter process
are specified in subclause 8.5. That process derives samples for I and B macroblocks and for P macroblocks in
P slices. The output are constructed samples prior to the deblocking filter process.

—  The decoding process for P macroblocks in SP slices or SI macroblocks is specified in subclause 8.6. That
process derives samples for P macroblocks in SP slices and for SI macroblocks. The output are constructed
samples prior to the deblocking filter process.

—  The constructed samples prior to the deblocking filter process that are next to the edges of blocks and
macroblocks are processed by a deblocking filter as specified in subclause 8.7 with the output being the
decoded samples.

8.1 NAL unit decoding process
Inputs to this process are NAL units.
Outputs of this process are the RBSP syntax structures encapsulated within the NAL units.

The decoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and then operates the
decoding processes specified for the RBSP syntax structure in the NAT unit as follows.

Subclause 8.2 describes the decoding process for NAL units with nal unit type equal to 1 through 5.

Subclauses 8.3 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit_type equal to 1, 2, and 5.

Subclause 8.4 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit_type equal to 1 and 2.

Subclause 8.5 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit_type equal to 1 and 3 to 5.

Subclause 8.6 describes the decoding process for a macroblock or part of a macroblock coded n NAL units with
nal unit type equal to 1 and 3 to 5.

Subclause 8.7 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit_type equal to 1 to 5.

NAL units with nal unit type equal to 7 and 8 contam sequence parameter sets and picture parameter sets, respectively.
Picture parameter sets are used in the decoding processes of other NAL units as determined by reference to a picture
parameter set within the slice headers of each picture. Sequence parameter sets are used in the decoding processes of
other NAL units as determined by reference to a sequence parameter set within the picture parameter sets of each
sequence.

No normative decoding process is specified for NAL units with nal unit type equal to 6, 9, 10, 11, and 12.
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8.2 Slice decoding process

8.2.1 Decoding process for picture order count
Outputs of this process are TopFieldOrderCnt (if applicable) and BottomFieldOrderCnt (if applicable).

Picture order counts are used to determine initial picture orderings for reference pictures in the decoding of B slices (see
subclauses 8.2.4.2.3 and 8.2.4.2.4), to represent picture order differences between frames or fields for motion vector
derivation in temporal direct mode (see subclause 8.4.1.2.3), for implicit mode weighted prediction in B slices (see
subclause 8.4.2.3.2), and for decoder conformance checking (see subclause C.4).

Picture order count information is derived for every frame, field (whether decoded from a coded field or as a part of a
decoded frame), or complementary field pair as follows:

—  Each coded frame is associated with two picture order counts, called TopFieldOrderCnt and BottomFieldOrderCnt
for its top field and bottom field, respectively.

—  Each coded field is associated with a picture order count, called TopFieldOrderCnt for a coded top field and
BottomFieldOrderCnt for a bottom field.

—  Each complementary field pair is associated with two picture order counts, which are the TopFieldOrderCnt for its
coded top field and the BottomFieldOrderCnt for its coded bottom field, respectively.

TopFieldOrderCnt and BottomFieldOrderCnt indicate the picture order of the corresponding top field or bottom field
relative to the first output field of the previous IDR picture or the previous reference picture including a
memory management control operation equal to 5 in decoding order.

TopFieldOrderCnt and BottomFieldOrderCnt are derived by invoking one of the decoding processes for picture order
count type 0, 1, and 2 in subclauses 8.2.1.1, 8.2.1.2, and 8.2.1.3, respectively. When the current picture includes a
memory management control operation equal to 5, after the decoding of the current picture, tempPicOrderCnt is set
equal to PicOrderCnt( CurrPic), TopFieldOrderCnt of the cwrent picture (if any) is set equal to
TopFieldOrderCnt - tempPicOrderCnt, and BottomFieldOrderCnt of the current picture (if any) is set equal to
BottomFieldOrderCnt - tempPicOrderCnt.

The bitstream shall not contain data that results in Min( TopFieldOrderCnt, BottomFieldOrderCnt ) not equal to 0 for a
coded IDR frame, TopFieldOrderCnt not equal to 0 for a coded IDR top field, or BottomFieldOrderCnt not equal to 0
for a coded IDR bottom field. Thus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be equal to 0 for
the fields of a coded IDR frame.

When the current picture is not an IDR picture, the following applies.
—  Consider the list variable listD containing as elements the TopFieldOrderCnt and BottomFieldOrderCnt values
associated with the list of pictures including all of the following

— the first picture in the list is the previous picture of any of the following types

— an IDR picture
— apicture containing a memory_management_control_operation equal to 5
— the following additional pictures.

— Ifpic_order ent type is equal to 0, all other pictures that follow in decoding order after the first picture in the
list and are not "non-existing" frames inferred by the decoding process for gaps in frame num specified in
subclause 8.2.5.2 and either precede the current picture in decoding order or are the current picture. When
pic_order cnt type is equal to 0 and the current picture is not a "non-existing" frame inferred by the decoding

process for gaps in frame num specified in subclause 8.2.5.2, the current picture is included in listD prior to
the invoking of the decoded reference picture marking process.

Otherwise (pic_order_cnt_type is not equal to 0), all other pictures that follow in decoding order after the first
picture in the list and either precede the current picture in decoding order or are the current picture. When
pic_order cnt type is not equal to 0, the current picture is included in listD prior to the invoking of the
decoded reference picture marking process.

— Consider the list variable 1istO which contains the elements of listD sorted in ascending order. listO shall not contain
any of the following.

— a pair of TopFieldOrderCnt and BottomFieldOrderCnt for a frame or complementary field pair that are not at
consecutive positions in listO.

— a TopFieldOrderCnt that has a value equal to another TopFieldOrderCnt.
— a BottomFieldOrderCnt that has a value equal to another BottomFieldOrderCnt.
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— a BottomFieldOrderCnt that has a value equal to a TopFieldOrderCnt unless the BottomFieldOrderCnt and
TopFieldOrderCnt belong to the same coded frame or complementary field pair.

The bitstream shall not contain data that results in values of TopFieldOrderCnt, BottomFieldOrderCnt,
PicOrderCntMsb, or FrameNumOffset used in the decoding process as specified in subclauses 8.2.1.1 to 8.2.1.3 that
exceed the range of values from -2*' to 2*-1. inclusive.

The function PicOrderCnt( picX ) is specified as follows:

if( picX is a frame or a complementary field pair )
PicOrderCnt( picX ) = Min({ TopFieldOrderCnt, BottomFieldOrderCnt ) of the frame or complementary field

pair picX
else if{ pieX is a top field )
PicOrderCnt( picX ) = TopFieldOrderCnt of field picX (8-1)

else if{ picX is a bottom field )
PicOrderCnt( picX ) = BottomFieldOrderCnt of field picX

Then DiffPicOrderCnt( picA, picB ) is specified as follows:

DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) - PicOrderCnt( picB ) (8-2)

The bitstream shall not contain data that results in values of DiffPicOrderCnt( picA. picB ) used in the decoding process
that exceed the range of -2"° to 2" - 1, inclusive.

NOTE 1 — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and Z are considered to be in
the same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are positive or both are
negative.

NOTE 2 — Many applications assign PicOrderCnt( X ) proportional to the sampling time of the picture X relative to the sampling
time of an IDR picture.

When the current picture includes a memory management control operation equal to 5, PicOrderCnt( CurrPic ) shall
be greater than PicOrderCnt( any other picture in listD ).

8.2.1.1 Decoding process for picture order count type 0
This process is invoked when pic_order cnt_type is equal to 0.

Input to this process is PicOrderCntMsb of the previous reference picture in decoding order as specified in this
subclause.

Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.
The variables prevPicOrderCntMsb and prevPicOrderCntLsb are derived as follows.

—  If the current picture is an IDR picture, prevPicOrderCntMsb is set equal to 0 and prevPicOrderCntLsb is set equal
to 0.

—  Otherwise (the current picture is not an IDR picture), the following applies.

—  If the previous reference picture in decoding order included a memory management control operation equal
to 5, the following applies.

—  Ifthe previous reference picture in decoding order is not a bottom field, prevPicOrderCntMsb is set equal
to 0 and prevPicOrderCntLsb is set equal to the value of TopFieldOrderCnt for the previous reference
picture in decoding order.

- Otherwise (the previous reference picture in decoding order is a bottom field), prevPicOrderCntMsb is
set equal to 0 and prevPicOrderCntLsb is set equal to 0.

—  Otherwise (the previous reference picture in decoding order did not include a
memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrderCntMsb of
the previous reference picture in decoding order and prevPicOrderCntLsb is set equal to the value of
pic_order cnt Isb of the previous reference picture in decoding order.
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PicOrderCntMsb of the current picture is derived as follows:

if( ( pic_order cnt lsb < prevPicOrderCntlsb ) &&

( ( prevPicOrderCntLsb — pic_order cnt Isb ) >= ( MaxPicOrderCntlLsb/2)))

PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb (8-3)
else if{ ( pic_order_cnt Isb > prevPicOrderCntLsb ) &&

( ( pic_order cnt lIsb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb /2 ) ) )

PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
else

PicOrderCntMsb = prevPicOrderCntMsb

When the current picture is not a bottom field, TopFieldOrderCnt is derived as follows:

if( field pic flag || !'bottom field flag)
TopFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)

When the current picture is not a top field, BottomFieldOrderCnt is derived as follows:

if( 'field pic flag)
BottomFieldOrderCnt = TopFieldOrderCnt + delta_pic_order cnt bottom

else if{ bottom_field flag) (8-5)
BottomFieldOrderCnt = PicOrderCntMsb + pic_order cnt_Isb

8.2.1.2 Decoding process for picture order count type 1

This process is invoked when pic_order cnt_type is equal to 1.

Input to this process is FrameNumOffset of the previous picture in decoding order as specified in this subclause.
Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The wvalues of TopFieldOrderCnt and BottomFieldOrderCnt are derived as specified in this subclause. Let
prevFrameNum be equal to the frame num of the previous picture in decoding order.

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

— If the previous picture in decoding order included a memory management control operation equal to 5,
prevFrameNumOffset is set equal to 0.

— Otherwise (the previous picture in decoding order did not include a memory management control operation equal
to 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.

NOTE — When gaps in frame num value allowed flag is equal to 1, the previous picture in decoding order may be a
"non-existing" frame inferred by the decoding process for gaps in frame num specified in subelause 8.2.5.2.

The derivation proceeds in the following ordered steps.

1. The variable FrameNumOffset is derived as follows:

if{ IdtPicFlag == 1)
FrameNumOffset = 0

else if( prevFrameNum = frame num ) (8-6)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset

2. The variable absFrameNum is derived as follows:

if{ num ref frames i pic order cnt cycle '= 0)
absFrameNum = FrameNumOffset + frame num
else (8-7)

absFrameNum = 0
if( nal ref idc == 0 && absFrameNum > 0)
absFrameNum = absFrameNum — 1
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3. When absFrameNum > 0, picOrderCntCycleCnt and frameNumInPicOrderCntCycle are derived as follows:

if( absFrameNum > 0) {
picOrderCntCycleCnt = ( absFrameNum — 1 )} / num_ref frames in pic_order cnt cycle
frameNumInPicOrderCntCycle = ( absFrameNum — 1 ) % num_ref frames in pic order cnt cycle (8-8)
3

4. The variable expectedDeltaPerPicOrderCntCycle 1s derived as follows:

expectedDeltaPerPicOrderCntCycle = 0
for(1=0; i<num ref frames in pic order cnt cycle; 1++)
expectedDeltaPerPicOrderCntCycle += offset for ref frame[ 1] (8-9)

5. The variable expectedPicOrderCnt is derived as follows:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * expectedDeltaPerPicOrderCntCycle
for( i=0; i <= frameNumInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt + offset_for ref frame[i ]

} else
expectedPicOrderCnt =0
if(nal ref ide == 0) (8-10)

expectedPicOrderCnt = expectedPicOrderCnt + offset for non ref pic

6. The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( field pic_flag) {

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order_cnt[ 0 ]

BottomFieldOrderCnt = TopFieldOrderCnt +

offset for top to bottom field + delta pic order ent[ 1] (8-11)

} else if{ 'bottom _field flag)

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order _ent[ 0 ]
else

BottomFieldOrderCnt = expectedPicOrderCnt + offset for top to bottom field + delta pic order cnt[ 0]

8.2.1.3 Decoding process for picture order count type 2

This process is invoked when pic_order cnt type is equal to 2.

Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

Let prevFrameNum be equal to the frame num of the previous picture in decoding order.

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

— If the previous picture in decoding order included a memory management control operation equal to 5,
prevFrameNumOffset is set equal to 0.

— Otherwise (the previous picture in decoding order did not include a memory management control operation equal
to 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.
NOTE 1 — When gaps _in frame num value allowed flag is equal to 1, the previous picture in decoding order may be a
"non-existing" frame inferred by the decoding process for gaps in frame _num specified in subelause 8.2.5.2.

The variable FrameNumOffset is derived as follows.

if( IdrPicFlag == 1)
FrameNumOffset = 0

else if( prevFrameNum > frame num ) (8-12)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset
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The variable tempPicOrderCnt is derived as follows:

if( IdrPicFlag == 1)
tempPicOrderCnt = 0

else if{ nal ref ide == 0) (8-13)
tempPicOrderCnt = 2 * ( FrameNumOffset + frame num )1
else

tempPicOrderCnt = 2 * ( FrameNumOffset + frame num )

The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( !field pic flag) {

TopFieldOrderCnt = tempPicOrderCnt

BottomFieldOrderCnt = tempPicOrderCnt (8-14)
} else if{ bottom_field flag)

BottomFieldOrderCnt = tempPicOrderCnt
else

TopFieldOrderCnt = tempPicOrderCnt

NOTE 2 — Picture order count type 2 cannot be used in a coded video sequence that contains consecutive non-reference pictures
that would result in more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these
pictures having the same value of BottomFieldOrderCnt.

NOTE 3 — Picture order count type 2 results in an output order that is the same as the decoding order.
8.2.2  Decoding process for macroblock to slice group map
Inputs to this process are the active picture parameter set and the slice header of the slice to be decoded.
Output of this process is a macroblock to slice group map MbToSliceGroupMap.

This process is invoked at the start of every slice.
NOTE — The output of this process is equal for all slices of a picture.

When num slice groups minusl is equal to 1 and slice group map type is equal to 3, 4, or 5, slice groups 0 and 1
have a size and shape determined by slice group change direction flag as shown in Table 8-1 and specified in
subclauses 8.2.2.4 to 8.2.2.6.

Table 8-1 — Refined slice group map type

slice_group map type slice_group change direction flag | refined slice group map type
3 0 Box-out clockwise

3 1 Box-out counter-clockwise
4 0 Raster scan

4 1 Reverse raster scan

5 0 Wipe right

5 1 Wipe left

In such a case, MapUnitsInSliceGroup0 slice group map units in the specified growth order are allocated for slice group
0 and the remaining PicSizeInMapUnits — MapUnitsInSliceGroup0 slice group map units of the picture are allocated for
slice group 1.

When num slice groups minusl is equal tol and slice group map type is equal to4 or 5, the variable
sizeOfUpperLeftGroup is defined as follows:

sizeOfUpperLeftGroup = ( slice_group change direction flag ?
( PicSizeInMapUnits — MapUnitsInShiceGroup0 ) : MapUnitsInSliceGroup0 ) (8-15)
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The variable mapUnitToSliceGroupMap is derived as follows.

— If num slice groups munusl is equal to 0, the map unit to slice group map is generated for all 1 ranging from 0 to

PicSizeInMapUnits — 1, inclusive, as specified by:

mapUnitToSliceGroupMap[ 1] =0

— Otherwise (num_slice_groups minusl1 is not equal to 0), mapUnitToSliceGroupMap is derived as follows.

(8-16)

— If slice group map type is equal to 0, the derivation of mapUnitToSliceGroupMap as specified in

subclause 8.2.2.1 applies.

—  Otherwise, if slice group map type is equal to 1, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.2 applies.

—  Otherwise, if slice_group map type is equal to 2, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.3 applies.

—  Otherwise, if slice group map type is equal to 3, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.4 applies.

—  Otherwise, if slice group map type is equal to 4, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.5 applies.

—  Otherwise, if slice group map type is equal to 5, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.6 applies.

—  Otherwise (slice group map type is equal to6), the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.7 applies.

After derivation of the mapUmtToSliceGroupMap, the process specified in subclause 8.2.2.8 is invoked to convert the
map unit to slice group map mapUnitToSliceGroupMap to the macroblock to slice group map MbToSliceGroupMap.
After derivation of the macroblock to slice group map as specified in subclause 8.2.2.8, the function

NextMbAddress( n ) is defined as the value of the variable nextMbAddress derived as specified by:

i=n+1
while( 1 < PicSizeInMbs && MbToSliceGroupMap[ 1] !'= MbToSliceGroupMap[n ])
i+

nextMbAddress =1

8.2.2.1 Specification for interleaved slice group map type
The specifications in this subclause apply when slice_group map_type is equal to 0.
The map unit to slice group map is generated as specified by:

i=0

do

for( iGroup = 0; iGroup <= num_slice_groups minusl && i < PicSizeInMapUnits;
i+=mun_length minusl[ iGroup++]+1)
for(j=0;j <=rmun_length minusl[ iGroup | && i + j < PicSizeInMapUnits; j++ )
mapUnitToSliceGroupMap[ 1 + j | = iGroup
while( 1 < PicSizeInMapUnits )

8.2.2.2 Specification for dispersed slice group map type
The specifications in this subclause apply when slice group map type is equal to 1.
The map unit to slice group map is generated as specified by:

for( 1 =10; 1 < PicSizeInMapUnits; i++ )
mapUnitToSliceGroupMap[ 1 ] = ( (1 % PicWidthInMbs ) +

( ((1/PicWidthInMbs ) * ( num_slice_groups minusl +1))/2))

% (num_slice groups minusl +1)

8.2.2.3 Specification for foreground with left-over slice group map type

The specifications in this subclause apply when slice_group map_type is equal to 2.
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The map unit to slice group map is generated as specified by:

for( 1= 0; 1< PicSizelnMapUnits; i++)
mapUnitToSliceGroupMap[ i ] =num_slice groups_minus1
for( iGroup = num _slice_groups minusl — 1; iGroup == 0; iGroup-- ) {
yTopLeft = top_left[ iGroup ]/ PicWidthInMbs
xTopLeft = top_left][ iGroup | % PicWidthInMbs
yBottomRight = bottom_right] iGroup ] / PicWidthInMbs
xBottomRight = bottom_right] iGroup ] % PicWidthInMbs
for( y = yTopLeft; y <= yBottomRight; y++)
for( x = xTopLeft; x <= xBottomRight; x++)
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] = iGroup (8-20)
3

NOTE - The rectangles may overlap. Slice group 0 contains the macroblocks that are within the rectangle specified by
top_left[ 0 ] and bottom_right[ 0 ]. A slice group having slice group ID greater than 0 and less than num _slice groups minus]
contains the macroblocks that are within the specified rectangle for that slice group that are not within the rectangle specified for
any slice group having a smaller slice group ID. The slice group with slice group ID equal to num_slice groups minus] contains
the macroblocks that are not in the other slice groups.

8.2.2.4 Specification for box-out slice group map types
The specifications in this subclause apply when slice_group map_type is equal to 3.

The map unit to slice group map is generated as specified by:

for(i=0: i< PicSizeInMapUnits; i++ )
mapUnitToSliceGroupMap[ 1] =1
x = ( PicWidthInMbs — slice_group change direction flag)/2
v = ( PicHeightInMapUnits — slice_group change direction flag )/2
( leftBound, topBound )= (x,y)
( rightBound. bottomBound ) =(x.y)
( xDir, yDir ) = ( slice_group change direction_flag — 1, slice_group change direction flag)
for( k = 0: k < MapUnitsInSliceGroup0; k += mapUnitVacant ) {
mapUnitVacant = ( mapUnitToSliceGroupMap[ y * PicWidthInMbs +x] == 1)
if{ mapUnitVacant )
mapUnitToSliceGroupMap[ v * PicWidthinMbs +x ] =0 (8-21)
if( xDir == -1 && x == leftBound ) {
leftBound = Max( leftBound — 1, 0 )
x = leftBound
( xDir, yDir ) = (0, 2 * slice_group change direction_flag—1)
}elseif( xDir == 1 && x == rightBound ) {
rightBound = Min( rightBound + 1, PicWidthInMbs — 1)
x = rightBound
( xDir, yDir )= (0, 1 —2 * slice_group change direction_flag )

} else if{ yDir == -1 && y == topBound ) {
topBound = Max( topBound — 1, 0 )
y = topBound

( xDir, yDir )= (1 -2 * slice_group change direction flag, 0)
}elseif( yDir == 1 && y == bottomBound ) {
bottomBound = Min( bottomBound + 1., PicHeightInMapUnits — 1 )
v = bottomBound
( xDir, yDir )= ( 2 * slice_group change direction flag—1,0)
1 else
(x,v)=(x+xDir,y + yDir )

8.2.2.5 Specification for raster scan slice group map types

The specifications in this subclause apply when slice_group map_type is equal to 4.
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The map unit to slice group map is generated as specified by:

for( 1= 0; 1< PicSizelnMapUnits; i++)
if( 1 < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap|[ i | = slice_group change direction flag
else (8-22)
mapUnitToSliceGroupMap[ i ] = 1 —slice_group change direction flag

8.2.2.6 Specification for wipe slice group map types
The specifications in this subclause apply when slice_group map_type is equal to 5.
The map unit to slice group map is generated as specified by:
k=0;
for(j = 0:j < PicWidthInMbs; j++)
for(i=0: i < PicHeightinMapUnits; i++ )
if( k++ < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap][ 1 * PicWidthInMbs +j ] =slice_group change direction flag
else (8-23)
mapUnitToSliceGroupMap[ 1 * PicWidthInMbs +j ] =1 —slice group change direction flag

8.2.2.7 Specification for explicit slice group map type
The specifications in this subclause apply when slice_group map_type is equal to 6.

The map unit to slice group map is generated as specified by:

mapUnitToSliceGroupMap| i | = slice_group id[ 1] (8-24)

for all 1 ranging from 0 to PicSizeInMapUnits — 1, inclusive.
8.2.2.8 Specification for conversion of map unit to slice group map to macroblock to slice group map

For each value of 1 ranging from 0 to PicSizeInMbs — 1, inclusive, the macroblock to slice group map is specified as
follows.

— Ifframe mbs only flag is equal to 1 or field pic flag is equal to 1, the macroblock to slice group map is specified
by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap| i ] (8-25)

—  Otherwise, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by:

MbToSliceGroupMap| 1 | = mapUnitToSliceGroupMap[ 1/ 2 ] (8-26)

—  Otherwise (frame mbs only flag is equal to 0 and mb adaptive frame field flag is equal to 0 and field pic flag
1s equal to 0), the macroblock to slice group map is specified by:

MbToSliceGroupMap| i ] = mapUnitToSliceGroupMap[ (i/( 2 * PicWidthInMbs ) ) * PicWidthInMbs
+ (i % PicWidthInMbs ) ] (8-27)

8.2.3 Decoding process for slice data partitioning
Inputs to this process are
—  aslice data partition A layer RBSP,

—  when syntax elements of category 3 are present in the slice data, a slice data partition B layer RBSP having the
same slice id as in the slice data partition A layer RBSP, and

—  when syntax elements of category 4 are present in the slice data, a slice data partition C layer RBSP having the
same slice id as in the slice data partition A layer RBSP.

NOTE 1 — The slice data partition B layer RBSP and slice data partition C layer RBSP need not be present.

Output of this process is a coded slice.
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