INTERNATIONAL ISO/IEC
STANDARD 23008-2

Fourth edition
2020-08

Information technology — High
efficiency coding and media delivery
in heterogeneous environments —

Part 2:
High efficiency video coding

Technologies de l'information — Codage a haute efficacité et livraison
des medias dans des environnements hétérogénes —

Partie 2: Codage vidéo a haute efficacité

Reference number
ISO/IEC 23008-2:2020(E)

© ISO/IEC 2020



ISO/IEC 23008-2:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 e Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2020 - All rights reserved



ISO/IEC 23008-2:2020(E)

Contents Page
) a0 o vii
00000 L0 L1 0 viii
O T o] o 1, 1
L2 \10) 3 0 T2 U0 A Q1= (] 0 ) (Lo 1
3 Terms and defiNitions ... —————————————————— 1
T S\ 0] ) o/ V2 B2 U I ) g 21
LS 000 (1 110 1, 23
T80 B €= 4 U =Y OO TP 23
STV Vg 16 o34 L=t Col 0] 0 1<) = Lo OO Y P STOSTOTOOT P 23
FSTRS TN o= Uor=1 I 0 1=3 =1 0] sSSP 23
5.4 RelatioNal OPEIators.....occeiierieecereeseieissessersseesesssessessesssessses s sss s bbbt s s bbb R s s s et b e et 24
5.5 Bil-WWiSE OPEIALOTS cuueuseerreereesreeseesseeseseessetsessse s s es bbb s b s ae b s a s bR R e R bR e bbb e 24
5.6 ASSIGNIMENT OPETALOTS. .. ceurieuiuseesreeseesseessetseessebssessebssesseissesssesseesse s s Esse e R b b s £ s e s s Eare bRt se b s bbb nees 24
5.7 RANZE NOLALION ... ccuriiureueeuseesnesseeie st sesess e sssessss e ess st s sss st b s s eeEaeeER s R bbbt 25
5.8 MathematiCal fUNCHIOMNS ..ot es e ses s ssses et ss s s ss s b sss st s s s s bbbt et 25
5.9  Order of OPeration PrECEARIICE . ........oiiirreuriireeseesstiseesse s st s ssessssases s s es bbb s s nees 26
5.10 Variables, syntax elements, and taDIEs ... ssssssssssssssssssssssesssseees 27
5.11 Text description of 10ZiCal OPETAtIONS .....oveereerererreseerreerseesssesssessresseessesssssssseesssssssssss s ssssss s sesssssses 28
512 PrOCESSES.ituuueruerueeseesseessesssess st sssess s ss s es s £s R RS E SRR R E AR R AR e RRenn 29

6 Bitstream and picture formats, partitionings, scanning processes, and neighbouring
o] B2 L0 01 1) 1 30
6.1 BILSLIEAM fOITNALS. ccoeuieeeeesreesseetseeeesesseeseessseesse s bbb s s e s R R AR bbb 30
6.2  Source, decoded, and output PICLUIe fOrMALS. ... s ssass 30
6.3  Partitioning of pictures, slices, slice segments, tiles, CTUS, and CTBS ......ccuumernmeeneeenmeeseessneesseennens 33
6.3.1  Partitioning of pictures into slices, slice segments, and tiles .......coernerreenennenseenienseseennes 33
6.3.2  Block and qUAdLIEe SIIUCLUTES ... sssssss s st sssssssssssssssssssssssssssnses 34
6.3.3  Spatial or component-wise PartitioNiNgs .......cerreeseerreresernsersesses s sesssssssssesssessssssessssssssnes 35
6.4  AVaIlaDIlitY PIrOCESSES i s R s 36
6.4.1 Derivation process for z-scan order block availability........ccooreereeneemeensenseneeseeseseeseeseeeseeseeas 36
6.4.2  Derivation process for prediction block availability ... 37
6.5 SCANNINIE PIOCESSES .uueurreureereesserseesseessessssssessesssessasssesasessasssesssssssssssssessssssesssessssssessssssesssssesssessasssssasessasssessssssessesssssans 38
6.5.1  CTB raster and tile SCAaNNING CONVETSION PrOCESS...ouuuueeeereeseereernesssessesssesssesssssssssessssssessssssssssseses 38

© ISO/IEC 2020 - All rights reserved iii



ISO/IEC 23008-2:2020(E)

6.5.2  Z-scan order array initialiZation PrOCESS .......oeneerreerseereesessees s sessssssessssssesssessssssssssssssas 39
6.5.3  Up-right diagonal scan order array initialiZation ProCess......eeermeeseesnsessessseessesanes 40
6.5.4  Horizontal scan order array initialization ProCess. ... —————. 40
6.5.5  Vertical scan order array initialiZation PrOCESS ... ieneenseersrnsesseesesseessessessssssessssssesssesssssssans 41
6.5.6  Traverse scan order array initialization ProCESS.....m e ————————— 41

AN 2 (1D ) 0 IR 111 0L 41
7.1  Method of specifying syntax in tabular fOrm ...t ssnssss s ssssse s 41
7.2 Specification of syntax functions and dESCIIPLOTS ... eerierernrerneereeserssessseseesess s sess e sssessessssseeans 43
7.3 SYNTaX iN tADULAT FOITN ..ottt ns e s s 45
7.3.1  NAL UNIE SYNTAX corrrerrrnersssssesmesssssesssssssssssssesssssssssssssssssessesssssssssssssssssssssessasssss s e sssssssssssssssassssassssssssassssssssssans 45
7.3.2  Raw byte sequence payloads, trailing bits, and byte alighment Syntax..........oeenennes 45
7.3.3 Profile, tier and 1@Vl SYNEAK ..ot iecs et sesss s s ssss s ssse b st s s 54
7.3.4  SCAliNG liSt AATA SYNEAX.cieurruiiiuriiieereeiseeeeeseessesseesseessesseessebassssessse s sesse s base b e s s e b s bbb ase bbbt nes 57
7.3.5  Supplemental enhancement information MessSage SYNLAX.....ccouwereerrereesssesseesseesseesseessesssessans 58
7.3.6  Slice SEZMENT NEAUET SYNTAX c..ruueeueeuierrerreeureeseeseesseessessesssesssessessse st sesssssse s s bbb st s b s s pasns s 59
7.3.7  Short-term reference PiCtUre SEL SYNTAK ... cerererreeueensessesseessessessesssessessssssssssssssssssssssssesssssssssssssans 63
7.3.8  Slice SEZMENT AAtA SYNEAX e ruuierueiurissieseiaseesesesseessesssesssesssses s s ss s s s s ss s s s b bsse bbb snaas 64
B2 SN Y =) 4 21 0L (ol PP 80
s R =) 4 1< i) PP T PSP 80
7.4.2  NAL UNIt SEIMANTICS ..ovreuceureresresressessessessessessessessssssssessessessessessessessessessessssssssssssessesssssssssssessessessesssssssssssssssessens 80
7.4.3  Raw byte sequence payloads, trailing bits, and byte alignment semantics........ccccoueseeereennenn. 90
7.4.4  Profile, tier, and 1€VE] SEIMANTICS ..o ssssssssess s ssssssssssssessssssssssssssssssssssssssans 113
7.4.5  Scaling list data SEMANTICS ...covieureereeerneesrreseeseseeeseesss s ss s sesssssss s s sss bbb saans 117
7.4.6  Supplemental enhancement information message SEMaANTICS.....coucuereereeereererreeseesseessesseesseennes 120
7.4.7  Slice segment header SEMANTICS ....cuuriueurieneereesereseseesessessssesssssssssssss s ss bbbt s ssssesans 121
7.4.8  Short-term reference picture Set SEMANLICS .. ————— 130
7.4.9  Slice segMment data SEIMANTICS w...oueeeerreseeseerseeseessesssesssesssesssesssesssessssssssss s ssssssss s sssessssssees 133

iv

© ISO/IEC 2020 - All rights reserved



ISO/IEC 23008-2:2020(E)

8 DECOMING PIrOCESS .eeurrscsrusssmsisissssssssssssssssss s ssssssss s e s sass s A AR SRS AR R AR R SRR SRR R AR AR R AR AR RS 149
8.1  GeNeral deCOAING PIOCESS ...ccuieerrerrersreesseesssesssesssesssssesssessesssessssssss e sssass s sssasssesssessssssssssssss s ssssssssssssesssees 149
S 00 R 1= 3 ) = I 149
8.1.2  CVSG AECOAINE PIOCESS...ceureueeereresressresseessessseesssesssesssessssessssssss ssesssessssesssasssessssssssesssesssassssssssasssasssessssssssss 150
8.1.3  Decoding process for a coded picture with nuh_layer_id equal to 0 ......cccoomeeomeereeerneerrcrnecnnn. 150
8.2 NAL UNIt dECOAING PIrOCESS ccuuermrermeereersrersseessessseesseesssesssessssssssesssessssssssssssasssessssssssssssssssssssssssssssssssasasssassssessseses 153
8.3 SliCE AECOUINE PrOCESS.cocuueuueeueesseerserssessseesssesssesssesssessssees s s s s s s s bbb s AR R Rt R s 153
8.3.1 Decoding process for PiCtUIe OTder COUNT.......coriereereeureesesesseesseessessesssee s ssessesssessessssssessssssesns 153
8.3.2  Decoding process for reference PICLUIE SEL ... rereenseuernesseesseesee s ssessssssssssssssssssssasssesenees 154
8.3.3  Decoding process for generating unavailable reference pictures..........eneenneenne. 159
8.3.4  Decoding process for reference picture lists CONSTIUCTION.....uceeereeeeeereeeseeseesseeeseessessseessesanas 160
8.3.5 Decoding process for collocated picture and no backward prediction flag ........cccccovueneuneee. 161
8.4 Decoding process for coding units coded in intra prediction Mode........ccconeeneeneernneereeenseeseesseeens 162
8.4.1 General decoding process for coding units coded in intra prediction mode.......ccccoruurreunece. 162
8.4.2  Derivation process for luma intra prediction Mode........ i ———— 166
8.4.3  Derivation process for chroma intra prediction Mode .......ccuvnneiminnenmn————— 169
8.4.4  Decoding process for iNtra DIOCKS......coerieneerieneereeseisetsessessesssessessssss s sesssessessssssssssssssasessssanes 170
8.5  Decoding process for coding units coded in inter prediction Mmode........cconenieinecnnerneceneeesneceseeens 183
8.5.1 General decoding process for coding units coded in inter prediction mode........ccccoruurreunece. 183
8.5.2  Inter PrediCtion PrOCESS. . ssss s s s ss s s st ssssss s sssssss 184
8.5.3  Decoding process for prediction units in inter prediction mode........coermreereeereeereerseersneennne 187

8.5.4  Decoding process for the residual signal of coding units coded in inter prediction mode220

8.6  Scaling, transformation and array construction process prior to deblocking filter process...224

8.6.1  Derivation process for qUantization PArameters ... eeenseseeseesesssssssessssssssssssssesssesesees 224
8.6.2  Scaling and transformation PrOCESS.... et sessssssssesss s sssssss s sssessssssseses 226
8.6.3  Scaling process for transform COEffiCIENTS ... essees 228
8.6.4  Transformation process for scaled transform coefficients ........cneeneerensconenseneeeseensesseennees 229
8.6.5  Residual modification process for blocks using a transform bypass ........ceeeeereeeneeenseesseeenne 232

8.6.6  Residual modification process for transform blocks using cross-component prediction233

8.6.7  Picture construction process prior to in-100op filter ProcCess......neererneensesseeseessesseens 233

© ISO/IEC 2020 - All rights reserved \Y



ISO/IEC 23008-2:2020(E)

8.6.8  Residual modification process for blocks using adaptive colour transform..........ccccouuueeen. 234

8.7 IN 100D fIlET PIOCESS ..ccuuieueeeeueenretreesse et eessesssess et sse bbb s bRt R npaes 236

LS 0 S €1 1 =) =Y IO PN 236
8.7.2  DebloCKING filteI PrOCESS ..vvueerrerseeereeessresseeseesseesssesssesssessssssssessssssesssessssssssessssssssssssss e sssassssssssssssassssssnss 237
8.7.3  Sample adaptiVe OffSEt PrOCESS. ..o cereererreeseesesee st ses s essss s ss s sssss s s 255

£ T ) 000 1 (7o 00 Q0 258
LS TR0 B €7 =) =Y PO TST 258
9.2  Parsing process for 0-th order EXp-Golomb COAES.....coeeeneeneesseesseessesseesssessessssesssesssssssesssees 258
O.2.1  GENETAL ettt ees et es e e e s bRk AR AR AR 258
9.2.2  Mapping process for signed EXp-Golomb COAES .......vurenernmiereenmeeseesneeesesssessssesssesesesssesssesns 260

9.3 CABAC parsing process for slice SEZMENt data ......cocueeeureeureenneuneesseensesseeseeseessessssseessesssessessessssssessesees 260
0.3.1  GENETAL oottt ettt ss e s s e s b bR R RS R R R RS R R 260
0.3.2  INItIAlIZAtION PIOCESS .ueuieurrereueeree e siseseessse s sssessetase s bs b s e st 263
0.3.3  BiINATiZAtiON PIOCESS ..crcurieriueererseeeeseessessessessessessessessessesssssssssssessessessessessssssssssssssssssessessessessessssessssssessesseses 277
9.3.4  Decoding ProCeSS flOW ...t sessssssssess e essssses s s s s st ss s 287
9.3.5  Arithmetic ENCOAING PIOCESS ...ociriierrceieesri et sesssess s sets s es s s s ss s snpans 303

10 Sub-bitstream eXtraction ProCeSS ... ——————————————— 309
Annex A (normative) Profiles, tiers and levels.......csss s 311
Annex B (normative) Byte stream format........uiimssssssssss s 339
Annex C (normative) Hypothetical reference decoder ... 342
Annex D (normative) Supplemental enhancement information ..........ou——— 363
Annex E (normative) Video usability information ... 523
Annex F (normative) Common specifications for multi-layer extensions.........cummn. 552
Annex G (normative) Multiview high efficiency video coding .........ccocurvvcsnsnnrssnnssssnsssnsssssssssssssenens 708
Annex H (normative) Scalable high efficiency video coding..........cccunmrmsessssnssmnissssssssssssssssssssssssssennns 733
Annex I (normative) 3D high efficiency video coding........covninnnnscsnsnnsmsmsmsnssssssssssssss 763
123101 D T0 a0 ¥ 1] 1 888

Vi © ISO/IEC 2020 - All rights reserved



ISO/IEC 23008-2:2020(E)

Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of document should be noted. This document was drafted in accordance with the editorial
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

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

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

This document was prepared by ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Coding of
audio, picture, multimedia and hypermedia information, in collaboration with ITU-T. The technically
identical text is published as Rec. ITU-T H.265.

This fourth edition cancels and replaces the third edition (ISO/IEC 23008-2:2017), which has been
technically revised. It also incorporates the amendments ISO/IEC 23008-2:2017/Amd 1:2018,
ISO/IEC 23008-2:2017/Amd 2:2018, and ISO/IEC 23008-2:2017 /Amd 3:2018).

The main changes compared to the previous edition are:

— the specification of two additional profiles (the Monochrome 10 and Main 10 Still Picture profiles);

— the specification of additional supplemental enhancement information (SEI) messages and
additional colour-related video usability information codepoint identifiers;

— corrections to various minor defects.

Alist of all parts in the ISO/IEC 23008 series can be found on the ISO website.
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