Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG Document: JVT-AEQ10 revised

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6) Filename: IM Reference

31st Meeting: London, UK, 28 June — 3 July, 2009 Software Manual.doc

Title: H.264/14496-10 AVC Reference Software Manual (revised for JM 19.0)

Status: Input Document to JVT

Purpose: Proposed Amended Draft

Author(s) or  Karsten Siihring Email: alexismt@gmail.com

Contact(s):  Fraunhofer HHI thanos.leontaris@gmail.com
Einsteinufer 37 i .
10587 Berlin, Germany karsten.suehring@hhi.fraunhofer.de
Alexis Michael Tourapis garysull@microsoft.com
Athanasios Leontaris
Apple Inc.

1 Infinite Loop
Cupertino, CA, 95014, USA

Gary Sullivan

Microsoft Corporation

One Microsoft Way
Redmond, WA 98052 USA

Source: Apple Inc., Fraunhofer HHI, Microsoft Corporation



mailto:alexismt@gmail.com
mailto:thanos.leontaris@gmail.com
mailto:karsten.suehring@hhi.fraunhofer.de
mailto:garysull@microsoft.com

Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG
(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

H.264/14496-10 AVC REFERENCE
SOFTWARE MANUAL

June, 2015



Revision Sheet

Revision Sheet

Release No. Date Author | Revision Description
Rev. 0 10/08/04 | AT/KS/GS | Initial version of Reference Software Manual
Rev. 1 01/12/05 | AT/KS/GS Amendment to original document to reflect modified and
new parameters
Rev. 2 01/18/05 | AT/KS/GS | Amendment based on meeting notes
Rev. 3 02/15/05 TO Various Document updates
Addition of new parameters supported in software such as
Rev. 4 04/13/05 | AT/KS/GS Fast Mode parameFt)ers and Adapl'?i?/e Offset Rounding
Rev. 5 10/12/05 AT Parameter updates. Addition of new FME parameters
Rev. 6 04/02/06 | AT/KS/GS Para_m_eter u_pd_ate; Addit_ion of new FME parameters.
Addition of limitations section.
Rev. 7 10/16/06 AT/AL
Rev. 8 4/14/07 | AT/AL/KS | Additions of new parameters from JM version 12.2
Rev.9 7/01/07 | AT/AL/KS | Additions of new parameters from JM version 12.3
Rev.10 8/01/07 KS Various document cleanups
Rev.11 12/03/08 AT Additions of new parameters/cleanups from JM version 15.0
Rev. 12 06/29/09 KS/AT Revisions according to JM version 16.0
Rev. 13 05/25/10 AT/KS Revisions according to JM version 17.0/17.1
Rev.14 05/03/11 AT/KS Revisions according to JM version 18
Rev.15 16/04/15 Revisions according to JM version 19
AT Alexis Michael Tourapis
GS Gary Sullivan
KS Karsten Sthring
TO Tobias Oelbaum
AL Athanasios Leontaris

User’s Manual

Page i



1. General Information

1.

H.264/14496-10 AVC REFERENCE SOFTWARE MANUAL

TABLE OF CONTENTS

Page #

GENERAL INFORMATION ..ottt ettt ettt st e e s te e s te e s be e s be e anbee s nbeeebeeesteeebeesres 1-1
1.1 SYSTEM OVERVIEW ....uvviiiiveeitie e ittt e sttt e stteestteesteeessteesteeesseeesteeesseeessaeesseeesteeesseeesteeesseeesaseesaeeesseeesseeesrneessres 1-1
1.2 PROJECT REFERENCES .....vtiiitteiteeeiteesteeaiteesteeassessbesssessssesansessssessssessssesssessssessnsessssessnsessssessnsessssessnsessns 1-1
1.3 AUTHORIZED USE PERMISSION ... .veiiitieiieeiteeateesteesteesteessseesiteesseesseesssessssssansesssssssnsesssssssnsesssssssnsesssnes 1-2
14 0] N EY 0] = @] N 7Y SRR 1-2
O 1 {0 4= o ISR OPSRTPO 1-2
R oo £ [ =1 £ o] (ST OP ST 1-2
R =T To =T o 1o 1] T OSSR 1-2
15 ACRONYMS AND ABBREVIATIONS. .....eiiiitiiteeiitreeiitteeeastteesasseseessaseseassssesssssssssssssesssssssseesassssessssessssssesesanns 1-3
INSTALLATION AND COMPILATION ....ooiiii ettt st st ebe bbb sbe e ste e 2-1
2.1 WINDOWS USING MS VISUAL STUDIO .NET ..ceiiiiiii ettt te et e 2-1
2.2 UNIX AND WINDOWS USING GCC (GNU COMPILER COLLECTION) ....vviierieiinienieisienieeeie st 2-1
USING THE JM ENCODER MODULE ...ttt ettt et stre s ae e sare s sane e nnre s 3-1
3.1 I N ] = 31 N 7 PSSR 3-1
3.2 LN ] =1 LU i 1V PSR 3-2
3.3 ENCODER LIMITATIONS . ....utttieiittere e itiee e sttt e e stteee e s itteeesstteeessteseessaeeeeaassseeeanteeeeasnsaeeasstseeesasseeeesnsaneesssenean 3-4
ENCODER PARAMETERS. ... oottt ettt ettt ete et ette e st e et e e st e e saae e s teeeebee e steeestteesraeesateesaeeesnees 4-1
4.1 FILE INPUT/OUTPUT RELATED PARAMETERS ....ccviitiiitieiteeiteetecttesttesteesteesteeitessaesssesteesteesseensesnsesssessaesseens 4-1
AL L INPULRTIE ot bbbt bbb bt bbbt bbbt bbbttt bbb 4-1
4.1.2 INPUEHEAAEILENGEN ...t bbb b bbbt bbb 4-1
R I =Y = 1[N ROORORRRURN 4-1
R o e L4 Lo =TT oo Yo [=To 4-1

L R o = 1111<] 2 1 TSRO OO PP 4-2
I T o (= A UL 1 o [0 o R 4-2
A = AV Ly T 1 o [0 1 o S 4-2
I o0 (1= To 11 4-2
4109 SOUFCEHEIGNT ...t b bbb bbbt bbbt bbbt bbbt bbb 4-2
O LU o= ] < 4-3
O R @ 1T o0 o L { OO PR RO 4-3
4112 OULPULHEIGNT ...ttt b bbbkt s et bbb b nenes 4-3
4103 PPOCESSINPUL ...ttt bbb s b bR b b e bRt eR bbbt n e nenne e 4-3
O [ 01 (=Y [T 17T [ 4-3
T S {12 ] T o | OSSR 4-3
L SR U Y4 o T 1 1= | O 4-3
O ] =T To o T [ g o TIPSO 4-4
RSB VAT 1o [ o [ 4-4
4.1.19 SOUICEBItDEPINLUMAE......c.eitieiiiitiiteete ettt b ettt b bbb nenes 4-4
4.1.20 SOUICEBItDEPINCRIOMA .......iviiiitiieieiireece bbbttt bbb eenes 4-4
4.1.21 SOUICEBItDEPINRESCAIE. .......eeiiiitiiiie bbbt bbbt 4-4
4.1.22 OULPULBItDEPINLUMAE . ... .ottt ettt bttt bbb b e s 4-4
4.1.23 OUtPULBItDEPINCRIOMA .......iiiiiitiiiicterieet bbbttt sttt nnenes 4-4
A.1.24 OULPULFTIR ..ttt et bbbt bt b bt b bt b s bbb e s 4-5
B.1.25 RECONFIIE ..ottt ettt et e e b e s be e be e abe e abeeabesbbesbaesbe e beernesaeesbeesbeebeenns 4-5

H.264/14496-10 AVC Reference Software Manual Page ii



1. General Information

O I - Uor=] [T OSSOSO 4-5
A1.27 STAESFIIE ..ttt bbbt bR b bR bR R bt R b b n bbb e enes 4-5
4.1.28 REPOITFTAMESTIALS ...ttt sttt et et e e et e et bt e st b e et b e e s bb e e b b e e nraeenbre s 4-5
B B DT o] Y =T o U=V 4SS 4-5
O {0 V=T oo L OSSP 4-5
TG R ] =\ o= - S 4-6
4.2 PRIMARY CONTROL PARAMETERS .....vtutettiteierestestesesteseesestestesessessesessessesessessesessessesessessesessessesessensesessensens 4-6
R 0] {1 =1 1 L TSSO 4-6
2.2 INEFAPTOTIIE 1.ttt bbbt s et e n et b s b et 4-6
.23 LEVEIIDC ...ttt bbbt R bR R bRt b et R Rt R e b bRt b n et bt nes 4-6
o (=1 T To o OO 4-7
SR | D] =T oo F OO OPRTURRROO 4-7
B S L aT= o] (1 1 T o S 4-7
A A 1 =Y =] - TSR 4-8
4.2.8 AJAPLIVEINTIAPEIIOU .. ..c.iiciicecee ettt s e et e e e et e estesbe e be e teeteaseesneesneesreeneeenes 4-8
4.2.9 AJAPLIVEIDRPEIIOU. ... ..ciieiiciece sttt et e ste et e et e et e e st e sbeeste e teeeeaseesneesreeareenreenes 4-8
4.2.10 ENADIEOPENGOP ...ttt et et et e e R e r et e e te e te e ae e e nreenreenreenes 4-8
4.2.00 NUMDEBIBITAMES ...ttt bbbt b b bbbt bt e et et eb ekt e bt et e e s e e b et b e b e 4-8
N @ | = 13 1ol OSSOSO 4-8
4213 QPPSIICE ...ttt bR bR R bRt bR R R e R b bRt b et b et enen 4-8
42,14 QPBSIICE ....veteiiite ettt bRt bR R bRt bR R bR R et bRt b et bt enes 4-8
A RN O PV o T=T@ o = 1 TSR 4-8
A N 1 = o 1= SRS 4-9
A 1 =V o 1= SRS 4-9
R 1 =V o T=T 0 = SRS 4-9
4.2.19 ChaNGEOPSP ...ttt ettt bbb R bRt bt R R e Rt bbb b n bt enes 4-9
4.2.20 ChaNGEOPSI ...ttt ettt bbbttt R bRtk e Rt R e Rt b e bRttt n e nenes 4-9
A A O o o] = L@ O =] TSP 4-9
4.2.22 CHOQPOMSEL ... vttt ettt ettt ettt e bt et e es e e b e b e Rt e b et n et et s et aen e b nenes 4-9
A O3 (@] =] 7 OSSOSO 4-9
A =TI S oSSR 4-9
4.2.25 MEDISIOITIONFPEL. ...t bbb bbbttt sae s 4-10
4.2.26 MEDISIOITIONHPEL ... ettt b et b et sae e 4-10
4.2.27 MEDISIOMIONQPEL ..ottt e st te e s be e ste e b e en b e estesteesteesteenteaseennees 4-10
4.2.28 MDDISTOITION ...ttt bbbttt bbbttt b e b e bt e bt b £ e bt e b e b e b ekt e bt bt bt e bt e e e b et nae e 4-10
4.2.29 CRIOMAMOCBUITEE ...cte it bbb bbbt b bbbt e e b et sae e 4-11
4.2.30 ChroMaMEERNGDIE .........oouiiiii bbbt bbbttt b et b e 4-11
A O o o] = Y A=Y o | o USSR 4-11
4.2.32 DiSADIESUDPEIME .......oviiiiciee ettt ettt e s te e be e te et e e st e es e s teenteesteeteeneenneas 4-11
R I AT Lol ] =T o[- USSP 4-11
4.2.34 USEIMVLIMIES. ....ecviteiicteiteiete sttt sttt et s e be st e s sbe st e ebesb e s e ebesb e s e ebesbe e ebesbe e ebesbe e ebesbeseeseareseas 4-11
4.2.35 SEEMVXLIMIT . ..cotitiiteiieteiteeete ettt sttt s e be st e s et e st e e et e sbe s e e besb e s e ebe st e e etesbe e ebesbeeebesbeseetenreseas 4-11
4.2.36 SEEMVYLIMIT ...cviitiieiiiteiieeete ettt sttt st et e st e e et e st e st e besb e s e e be s b e e etesbe e ebeabeeebenbe e eneareseas 4-12
4.2.37 NUMDEIREIEIENCEFTAMES. ......iciiciie ettt ettt e ste et e e b e e ab e sbeesbe e beesbeeteasreanees 4-12
Gt I (0 =) (=T =T Tor =TS OSSR 4-12
4.2.39 DISPOSADIEP ...t bbb bbb bbbttt b e aenae e 4-12
4.2.40 DiSPPQPOITSEL. ....eveiiitiiteieete sttt sttt sttt sttt sttt e ettt te ettt eebe e ete bt ereare e 4-12
R =) =T g D1 0@ o - SRRSO PR 4-12
4.2.42 PreferPOWEIOTTWO .....ocviiiicie ettt sttt e et e et e st e e s be e steeaeenbeenbeeseesteesbeesbeesreasneanees 4-12
4.2.43 FrmMStrUCIBUTTEILENGLN ...ttt bbbttt sae e 4-12
A S I (0 =) (=T =T [or =SOSR 4-12
4.2.45 BLISTLREIEIBINCES. ... .eviiiticte ettt ettt e st e s te e s be e sbe e beenbeenbeertente e be e re e reenreaneas 4-13
4.2.46 BREFEIENCEPICIUIES ... vt ittt sttt et et et e e e st e st e e s be e sbeeteenbeenbeeseesteesbeesbeesteaneeanees 4-13
4.2.47 BLIStSINGIEDITREFFIAQ. ... ettt bbb e 4-13

H.264/14496-10 AVC Reference Software Manual Page iii



1. General Information

B 1 - OSSR 4-13
4.2.49 LOG2MAXFNUMMINUSA ......cuveieitiitesieite et ste e ste st eesa e e e e et e besbestaeseesaess et e testesteaseeneeseensentenrenes 4-13
4.2.50 LOG2MAXPOCLSDIMINUSA ......c..oviiieiieiticecti ettt ettt e et et saestesseeneeseensentennenes 4-13
4.2.51 GENErateMUIIPIEPPS ......ooceiceee ettt s ae s te e e e e e e e tenrenes 4-14
4,252 SENUAUD ...ttt ettt bttt e e at e e bt e b e e b e et e e tbe e b e e e be e e he e ebeeabeeabeeRbeeabeeb b e be e beebeerreaaes 4-14
A.2.53 RESENASPS .. .oiiiiiitiiitt ettt st b et e b e e e e e bt e e bt e b e e be et b e e rbe e b e e e be e ebe e ebeeebeeabeeRbeehr e e b b e beebeebeerreaaees 4-14
A.2.54 RESENAPPS ...ttt ettt ettt e ettt e e bt e e bt e b e e b e et e e tbesbe e s be e e be e ebeeabeeabeeabeebbeebbenbeebeebeenreaaes 4-14
SN e (vl @] o =T O o1 Y] oSS 4-14
4,2.56 USeCONSIrAINEAINTIAPTEA .......cviiiiiieiiee ettt ettt b ettt sbe e s beesbeesbeebeenresanes 4-15
4.2.57 MBLINEINIFAUPUALE ......vecieeeieiecicse ettt et te st e e e et e e s bestesseene e e e neeneenrenes 4-15
4.2.58 RaNdomINtraMBRETIESN .......vviviiiicii it e eb e b b e b b e 4-15
4.3 INTER/INTRA MODE PREDICTION CONTROL 1..uviiuviitiiitieireeireeireeitesseestsesteessesssessesssesssesssessssssesssesssessssnes 4-15
0 I =] [0t S 4-15
4.3.2 PSHCESEAICNLEXLE .....veecuveiiiiieciee ittt cte sttt s e sttt e e st e e s be e s be e st e e sabe e sabeeeabeessbeeenbeesbaeebeesbeeenbeenares 4-15
4.3.3 PSHCESEAICNLEX8 ......vvieiuieeiiiie ittt et s e st s e s te e st e e st e e st e e s be e s abeesabeesabeesabeesbeeebeesbaeebeesbeeenbeenares 4-15
4.3.4 PSHCESEAICNBXLE ......vvviiivee ittt ettt s e s te e st s e e s be e s be e st e e sabe e s abeesabeesbeeebeeebeeebeesbeeebaenares 4-15
4.3.5 PSHCESEAICNBXB .....cciuviiiiei ittt et s e st e e st e e st e e st e e s abe e s abe e s abe e e beeebeesbeeebeeebeeebaestes 4-15
4.3.6 PSHCESEAICNBXA ...ttt ettt s et s e e st e e st e e st e e s abe e s abe e s abe e e beeebeesbeeebeeeteeebeentes 4-15
4.3.7 PSHCESEAICNAXS ...ttt ettt et s e st s e st e e st e e s be e st e e s abe e s abe e e abeeebeeebeesbeeebeeebeeenbeeeees 4-16
4.3.8 PSHCESEAICNAXA ...ttt sttt ettt e s e s bt e et e e st e e s be e s abe e s be e e beeebeessbeeebeesnteeebeesees 4-16
F e = 1] [Tot=T B TT =T ol SR TTOTPPT 4-16
4.3.10 BSHCESEAICRLEOXLO .....ccuveeiiiieciiee ittt ettt ettt s e s be e st e e s be e st e e s beessbeeebeeebaeebeeesbeeebeesares 4-16
4.3.11 BSHCESEAICRLEOXE ......ecceveiiiiie ettt ettt s e e be e st e e s be e st e e e be e e sbe e ebeessbeeebeeenbeeenbeeeares 4-16
4.3.12 BSHCESEAICRBXLE ......eecvveeiiiieciiee ittt et s e s be e s be e st e e s abe e s abe e s abeessbeeebeesbaeenbeeesteeenbaenares 4-16
4.3.13 BSHICESEAICRBXB ......oviiceeeiiiiee ettt sttt e s e st ebe e st e e s be e st e e e be e s beeebeesbaeebeesbeeenbeeeares 4-16
4.3.14 BSHICESBAICNBXA .....ovieceeee ittt et s e st e et e e st e e st e e s abe e e abe e s beeebeesbeeebeeebeeenbaeeares 4-16
4.3.15 BSHICESEAICNAXSE .....oviiieieiiie ettt s e st e e st e st e e st e e s be e s abe e s be e s beeebee e beeebeeesbeeebaeeates 4-16
4.3.16 BSHICESEAICRAXA ...ttt ettt et st s b e e s e e e be e s be e e be e e sbeeebee e ebeeebeeesbeeebeeeares 4-16
4.3.17 BIPredMOtIONESHIMALION ......ccviiiiiccie ettt ettt re e s be e e be e e be e e ebe e e sbeeerae e 4-17
4.3.18 BIPTEAMEREINEMENTS ....cciiviiciec ettt sttt be e st e e e be e s be e sbe e s sbeeebeeesbeeebeeeres 4-17
4.3.19 BiPredMESEAIrChRANGE ......c.viiiieiie ettt ettt st te e s te e nae b e enb e eaeenteesteesbeeteaneennees 4-17
4.3.20 BIPTEAMESUDPEL ........ooviictieieete ettt ettt ettt b e et e e be e nbeeab e ebbeeba et eesbeetesneeaaees 4-17
4.3.21 BIPTEASEAICNLOXLE ....cvviiiiiiiieiee ettt ettt et et e et e et e s be e s be e e be e s abeeebeeesbeeebeeesbeeebeeeares 4-17
4.3.22 BIPTEASEAICNLOXE ...ttt ettt ettt e e e s be e st e e e be e e abe e e be e e sbaeebeeesbeeebeeeares 4-17
4.3.23 BIPTEASEAICNBXLE .....eceveiiiie ettt ettt et et e et e et e e e be e st e e e abe e s sbesebeeesbeeebeeesbeeebeeeares 4-17
4.3.24 BIPTEASEAICRBXS8 ......viiivviiiiiee ettt ettt st et e e st e e et e e st e e e be e e rbeeebeessbeeebeeenbeeebeeeares 4-18
4.3.25 DiSABIEINTIAININTET ..ot s re e st e e be e s be e e be e e s beeebeeesbeeebeeeres 4-18
4.3.26 INtraDisablelINtErONIY.........cviieiie et 4-18
4.3.27 DISADIBINTIAAXA ...ttt ettt st e st e e s b e e s be e s abe e ebe e e ebeeebeeeebeeebeeesbeeebeeeaees 4-18
4.3.28 DiISADIEINTIALOXLE .....eecvveeiiiecie ettt ettt ettt s be e s be e s be e st e e s be e s abe e s beessbesebeeesbeeebeeesbeeebeeeares 4-18
4.3.29 DiSABIEINTIAININTET ...ttt be e st e e e ebe e s be e e ebe e e ebeeebeeesbeeebeeers 4-18
4.3.30 INTradXx4ParDiSADIE .........ccoviiiiee ittt ettt b e e e ebe e e be et 4-18
4.3.31 INtradx4ADiagDiSaDIE ........coeiieie e et beae s 4-18
4.3.32 INTradXx4ADirDiSaADIE. ........oiiiiecee e ettt e e eba e ree e 4-18
4.3.33 INtralBX16ParDISADIE .......c.veeiieiiiiecie ettt et et be e e be e st e e s eba e e ebe e ebeeeba e e 4-18
4.3.34 INtralBX16PIaNEDISADIE .......cc.veiiieeciee e e eba e b rs 4-18
4.3.35 ChromalntraDiSable .........cc.eoiiiiiii ettt e b st e et e e be e ebe e e bee e 4-19
4.3.36 FASICIINTIADECISION ......veiiiiicceiee ettt ettt e et s b e e e ete e e be e e beesabe e eabeessbeesbeeesbeeebeessbeeebeeeares 4-19
4.3.37 ENADIBIPCM ...ttt ettt ettt sttt e b e et e e ebe et e enbeebt e et e et e e sbeebesaeeaaees 4-19
4.4 MVC CODING PARAMETERS (MAIN COFIGURATION FILE) ....cutitiaieaiieieseestesiesieeeeeeseesiesie e sseeneeeeseeseeseas 4-19
4.4, 7 NUMDEIOTVIBWS ...ttt ettt st e s e et s e e st e e e be e s abe e e beesabeeeabeesabeeeabeeebesabeeeabaeebeeesbeeebeeeres 4-19
442 VIEWLCONTIGFIIE ... bbbttt bbb e bt sae e 4-19
4.5 MVC CODING PARAMETERS (VIEW 1 COFIGURATION FILE) ....evteueeuieieseesteseestesseeeeseesseseesiessesseeneeseeseeseas 4-19
4.5.1 MVCENGDIEINTEIVIBWFIAQ ....ccveieiei ettt bbb e 4-19

H.264/14496-10 AVC Reference Software Manual Page iv



1. General Information

4.5.2 MVCINEEIVIEWREOIUET ....vcvitiieiicte ettt sttt sttt s b et bbb et e st e ebe st e ebenne e 4-19
45,3 QP OTSBE. .. ettt ettt b bbb bbb R Rt E e bt b e bt benb et benb et ere b e 4-20
4.5.4 MVCINEEIVIEWFOFCEB .....ooviii ettt bbbt bbbttt ebe st e b nne e 4-20
4.5.5 MVCINTEIVIEWREOIUET ....veviiviieiiite ettt sttt sttt st bbb e et e st e ebe st e ebenne e 4-20
4.5.6 SEPVIBWINTEISEAICH ... .ot e et et e s beatesreene e e e e e ntenrenes 4-20
4.5.7 NORESIAUERDIO ...ttt sttt sb ettt stk bbb e ke sb et et e s bt et e st et et e sbe e ebesbe e ebeabe e 4-20
A58 MVCFIPVIBWS ....cveieteete ittt ettt sttt bbbt b et e bt s b st et e s bt et e s b et et e sbe e ebesbe e ebenae e 4-20
4.5.9 Other VIEW L PAFAMELEIS ....ecuveieiveiteiiestesieeteeeesie e ste s e s e eseseesseee st e bestessesseesseseessetesaestesseenseseenseseensenses 4-20
4.6 DEBLOCKING FILTER CONTROL. ....tuvtttititeseattsteseatesseseasessesessessesessessessssessesssssssensessssessesessessessssessessssensenes 4-22
R D o =T 1= =T ]l = T SRS 4-22
4.6.2 DFDISADIERETISIICE ...ttt bbbt sttt ettt nne e 4-22
S BN o] T T (=] ] [T S 4-22
4.6.4 DFBEIARETISIICE ©..vovviiiitiieeicte ettt ettt bbbttt sttt b et be et nre e 4-22
4.6.5 DFDISADIENRETISHICE. ......iiiiiiieieiee bbbt r et bbbt e e bt sne e 4-22
4.6.6 DFAIPNANREFISIICE ....vviveiiitiiieicie ettt ettt sttt bbb e et e sbe e ebesbe e etesre e 4-23
4.6.7 DFDISADIERETISIICE ...ttt bbbt bbbt sae e 4-23
4.6.8 DFAIPNAREIPSIICE ...ttt ettt et e s te e te e b e enbeen e nte e te e te e teeneennean 4-23
4.6.9 DFBELAREIPSIHICE ....c.eiieieieiieee bbbttt b et bbbt e e b nr e 4-23
4.6.10 DFDISADIENREIPSHICE. ......ciuiiiieiitee sttt e et bbbt e e b sre e 4-23
4.6.11 DFAIPNANRETPSIICE ©...ouviiiitiiieieie ettt sttt bbbttt e ebe st e ebesbe e 4-23
4.6.12 DFDISADIEREBSIICE ... bbb b ettt et sne e 4-24
4.6.13 DFAIPNAREMBSIICE ....vviieiiitiiieisie ettt ettt sttt bt sttt e st e ebesbe e ebenae s 4-24
4.6.14 DFBELAREIBSIICE ....cvviviieiiiti ettt bbbttt sttt ettt et st et nre e 4-24
4.6.15 DFDISADIENREIBSIHICE. ......ccuieiieiiiteie ettt bbbttt e bt sne e 4-24
4.6.16 DFAIPNANREBSIICE ....o.viiiitiiieiieie ettt bbbttt b et b ebe st e ebesbe e ebesae e 4-24
4.7 WEIGHTED PREDICTION PARAMETERS ... .cettettaurtatreaieesteesseestees st s s sseessessseesneasneanneassesnsesseesneennesnnesnnesnnes 4-24
Y = T 1 (=0 L <o [Tt 4 o o USSR 4-24
A =Y To] 1 C=To 2 T o =T [ Tox 1 o] o USSR 4-25
4.7.3 UseWeightedREEIENCEIME...........iiie ettt e e et e st e e te e be e teaseeannas 4-25
A7 A WPMELNOU ...ttt ettt ettt et e b e s b et e be st et et e sbe e ebesbe e ebesbe e etenaeneas 4-25
AT 5 WPHEIMC ..ttt ettt sttt b e bbb se st e ke st et b et e st e b e et et ebe e b e e e besbe e ebesbe e ebesbe e ebenreneas 4-25
4.7.6 ENhanCedBWEIGNSUPPOIT .......eoiiiie ettt te et e et e st e saeesba e taesbeeteaseeanees 4-25
B.7.7 WPIMCPTECISION ...ttt ittt sttt bbbttt e e b bt e bt b £ e bt e bt e s e e b ekt e bt eb e bt e bt et et et saenes 4-25
4.7 8 WPMCPTECFUIIRET ...ttt ettt ettt sttt bbbt e st et besbeeebesre e 4-26
.79 WPMCPIECBSIICE ....cveive ettt ettt sttt b ettt e st e s e et e st et ebesbe e ebesbeeebenre e 4-26
4.8 B PICTURES AND CODINGSTRUCTURE . .....uceittettastiatiesteesteesieesseesseaseassesssesssesseesseessesssesssessesssesssesssesnseenns 4-26
4.8.1 BREPICQPOIISRE. ...ttt sttt sttt sttt ettt st et b et e b e st e e et e st et ebesbe e et e sbe e ebesbeeenesae e 4-26
T B B TT T 1Y, [T (= 1Y/ o1 USSP 4-26
4.8.3 DIreCtINfErENCEFIAG. ... ccvi e e ae s 4-26
R T - U ol T Tor=1 (oo [T o USSP 4-26
4.8.5 EXPHCITHIErarChYFOIMAL. .......c.oiiiiiie et e b ettt sae e 4-28
4.8.6 HierarchyLeVEIQPENADIE...........c.oiiie it et sae s 4-29
T = (o] [Tl | ST o @ [ T OO URUR OSSP PR 4-29
4.8.8 EXPHCIISEOAFTIR ...ttt b e bbbttt et b et e e 4-29
R -] (= =Y g Tot= T ] o T S OSSPSR 4-29
4.8.10 POCMEMOIYMENAGEMENT ......eiiitiiiieitie ittt sttt ettt ettt bbb e b e e sbeesb e e bt e b e saeeebeenbeenbeenbeenbeaneeannas 4-30
4.9 ERROR RESILIENCY AND SLICE CONTROL . ....tteuttautiattesteesteesieesteasueassesssesssesseasseesseassesssesssssssessnsssesssesnsesnns 4-30
e T ] [ Tor=11 oo USSR 4-30
4.9.2 SHCEATGUMENT ...ttt ettt b bttt e et e s e e b e bt bt e b ea e eeeb e beebe e b £ e b e e Rt e e et e be e bt ek e e bt ene e e et e nbesaeneas 4-31
4.9.3 NUM_SHICE_GFOUPS_MINUSTL.....oouiiiitiiteitieieete ettt b bbbttt e e e b et b e b e bt ene e e e b e naesaeneas 4-31
4.9.4 SIICE_gIOUP_MAP LY .ttt ettt sttt st b ettt b e b e bbbt bt e Rt e st e b et sbeeb e beere e e et e nbenaeneas 4-31
4.9.5 slice_group_change_direCtion_flag .........cccuoieiiiiiiie e e 4-31
4.9.6 slice_group_change _rate MINUSL ...........cooiiiiiieieee e bbb sae e e 4-31
4.9.7 SliceGroupCONfIGRTIENAME........ceiii et bttt be e e 4-31

H.264/14496-10 AVC Reference Software Manual Page v



1. General Information

4,9.8 USEBREAUNAANTPICIUIE .....viicvictiiie ettt ettt et et s e st st e sbe e ebeebeenbesaseebbeebaesbeesbeesbesnreannes 4-32
4.9.9 NUMREAUNAANTHIEIAICRY ....uvcviiiccie ettt a et stesbe e ne e e e e e stenrenes 4-32
4.9.10 PrimaryGOPLENGLN .....c.cciiieie ettt ettt r e re e e et e nenreneen 4-32
e I 41y 1 4T TS 4-32
4,10 SP CODING SUPPORT ...uvtiiutieitteeiteeitteestseessteesseessteesssessstessssesssteeanseeassesaasesssteesnsessstesensessseeensessssesansesssses 4-32
O I0  d d ot T =Y oo T | ST 4-32
O @ ] o o o Tox (1] (OO U SROTRTOTRO 4-32
£,10.3 QPSP 2PICIUI ... .ecuveiutieteeete ettt ete et steesteesbe e ste e bt st e saeesbeeebeebeesbessbesbeesbeesbeeebeeabeenbeenbeebbeebbesbeebeerbeenreanees 4-32
10,4 S| _FTAIMES ...ttt sttt st a e e e s bt e st s R bt e e b e Rt e b e bt e be e b et e be e be e be e be e e be et 4-32
10,5 SP_OULPUL....c.eee ittt te e e eae e st et e et e e s e e s e as e e Ee e nRe e Re e neen e e en e e en e e nR e e Re e reenreenreanen 4-32
4.10.6 SP_OULPUL_NAIME ..ottt sttt ettt ettt et s bt et e s s e e s st e e s st e e e abe e st e e e abe e e beeebe e e beeenbeeenees 4-32
A.10.7 SP2_FTAIMES....eiiiiieiiiie ettt sttt sb ettt st e sttt e st e s s bt e st s R bt e et e e e R b e e b e R bt e e b et et e bt e be e e be e e be e e bee et 4-33
4.10.8 SP2_INPUL NAMEL .. .iiiiiiiieeieie e ste ettt e ettt e e teete e st e e et e besaeeteeseeseeseeseesbesaeateaseeneeseenseseenrenes 4-33
4.10.9 SP2_INPUL_NAMEZ ... eieitieitieteeteeee s e s e e steesteaste s e e aseesteebeeste e teaseessaesseesaeesseaneeanseanseassenseesseesteeseeaneennees 4-33
411  OUTPUT CONTROL/ENTROPY CODING, NALS ...ttt ittt te e st be e st e e ebe e sbe e e be e e 4-33
I S Y T oo 11 T T L= USSR 4-33
L A o 01 (=) 8 [ 11\ [=11 0 oo ISP 4-33
4.11.3 FIXBAMOUEINUMDET ...ttt e s e st e e s be e st e e s be e s sbeeebeessbeeebeeeres 4-33
R O 10 1111, o Yo = ST OTSST 4-33
4.10.5 PArtitiONIMOOE ......oeeiiiee ettt e s e st e e st e e s be e st e e s abe e sabeesabeeebeeebeeebeeebeeesbeeebeeeees 4-34
4.12  INTERLACE FORMAT HANDLING ....ociiititieiitiee e s ciie e e sttt e st e e e sttt e e e satte e e s sate e e e s tteeesnteeessnbeeaesntaeeesnneeeennnns 4-34
R e o] [ (=T o F= Lot TSRO 4-34
A \V =1 [ 0] (=] - Tod =TSRSS 4-34
G B [ =1 =10 (0] 1 PSSR 4-35
4.13  NON NORMATIVE ENCODER DECISIONS......cetiiiiiieeiiiiteeiittereesiteeesireeessaeeeessssseessssseessssesssssnesssnssnssssnees 4-35
Tt S @ o1 ]34T 2> €[] USSR 4-35
I B T {5 10 o) USSR 4-35
4.13.3 SUDMBCOUINGSIALE .....cvievieir ettt e st e st e s te e s beeaeesbeenbeentesteesteesteesteaseennnes 4-35
4.13.4 FOrCeTrUBRAERD O ...ttt e e e e e et e e e s bt e e e e tbe e e e sabeeeessbbeeesasteeeesnneeaessraeean 4-36
4.13.5 RDPICIUNEDECISION ....ecvveiiiiie ettt ettt et s e et e e s b e e s be e st e e e beessbeeebeeesbaeebeeenbeeebeeeares 4-36
4. 13.6 RDPSIICEBTESE ... .viiiiiiecitee it ee et ete ettt s e st e e et e e e be e st e e s be e s abeesbeesabeeeabeeebeeenbeeebeeebeeebeeenreeeres 4-36
4.13.7 RDPICIUrEMAXPASSISIICE.......ccuveiiiiiecie ettt ettt be e e be e e ebe e e sbeeebee e 4-36
4.13.8 RDPICIUrEMAXPASSPSIICE. ......uveiiiiieciee ittt ettt ettt be e s be e s be e s be e ebe e e sbeeebeeees 4-36
4.13.9 RDPICIUrEMAXPASSBSIICE. .......viiiiiieciee ittt ettt e be e s be e s be e s be e e ete e e sbeeebeeees 4-36
4.13.10 RDPICtUreFrameQPPSIICE ......ocieiieiie ettt st e bt e st e ta e te e teaseeannas 4-36
4.13.11 RDPICtUreFrameQPBSIICE ......ocveiieiie ettt te et e e e e e et e be e teeteaseeannas 4-37
4.13.12 RDPICtUreDEDIOCKING ...cuvveiicece ettt e st et e s be e teaae e 4-37
4.13.13 RDPICIUIEDITECIMOUE ... .veeceeeecite ettt sttt e e st e e be e s be e s beesbeeebeeesbeeenbeeeres 4-37
A.13. 14 DIStOrTIONSSIIM ...ttt ettt s e e st e e e be e s be e s be e s abeeeabeessbeeebeeebeeebeeesbeeenreeeares 4-37
4. 13.15 DISLOFTIONSSIIM ...ttt ettt e e e st e e et e e st e e s be e s abe e e abeessbeeebeeebeeebeeesbeeebeeeares 4-37
4.13.16 DiStOrtioNYUVIORGB ........oooiiiiiiiccec ettt ettt ettt e e be e e be e e beeebe e e sbeeebeeers 4-37
T = { B ] = Tox (1] =1 L] (- NSRS U OO PSRRI 4-37
4.13.18 RDPSHCEWEIGNTONIY ...t ettt e e 4-37
4.13.19 RDBSHCEWEIGNTONIY ...t ettt e et e e 4-37
4.14  LAMBDA PARAMETERS FOR LAGRANGIAN BASED OPTIMIZATION ......ccciiiiieeiiieeeeiiieeeeeteeeesitveeeeenneeeeeneeas 4-37
4.14.1 CXAAPLLAGraNGEMUIL ......ccuieeieee ettt bbbt e b b e 4-37
4.14.2 USEEXPICILAMDUAPAIAMS .....c.eitiiiiitiitieiieiiee ettt bbb bbbt b e b b e 4-38
4.14.3 UpdateLambdaChromaME ... bbb e 4-38
4.14.4 FIXALamMBAAISIICE. .. ..ccuveeiii ettt et et te e st e s be e s be e e ebe e e baeebe e e ebeeebeeeres 4-38
4.14.5 FIXALAMBAAPSIICE ....ccvviiiiiiiciee ettt ettt be e s be e e be e e be e e be e e ebeeebeeesbeeebeeeees 4-38
4.14.6 FIXBALAMBAABSIICE ....ccuveiiiiiiciee ittt ettt et et e be e st e s be e s be e e be e e ebaeebeeeebeeenbeeeares 4-38
4.14.7 FixedLambAaREMBSIICE ........ccoieiiiiecie ettt ettt be e e be e s be e e ebe e ebe e e bee e 4-38
4.14.8 FIXBALAMBAASPSIICE ......eoiiviiiieiiie ettt ettt et et e e be e e be e et e e e ebeeebe e e sbeeebeeeres 4-38
4.14.9 FiXeALamMBAASISIICE.......veiiiieciee ittt st e e be e s be e e ebe e e sbeeebe e e ebeeebeeeres 4-38

H.264/14496-10 AVC Reference Software Manual Page vi



1. General Information

4.14.10 LambdaWeIghtISHICE ......ccveiiieiie et ettt e e e e eenrenns 4-38
4.14.11 LambdaWeIghtPSIICE .......cveieiee ettt e e e et nrenns 4-39
4.14.12 LambdaWeIghtBSIICE .......cvciiieiie ettt st st e e e e st nrenns 4-39
4.14.13 LambdaWeightREBSIICE ........ccviiiiicieciceiee ettt e e e bt nrenes 4-39
4.14.14 LambdaWeEIghtSPSIICE .....cvcviiiiiie sttt st e st e e s tesbe e ene e e et e ntenrenes 4-39
4.14.15 LambdaWeightSISHCE ......cveieiiie ettt s te st e e e e e b e stenrenes 4-39
4.14.16 OffsetMatriXPreSENIFIAQ .. .c.voiveieiie et e e et nrenes 4-39
4.14.17 QOFFSBIMALIIXFIIR ... vt icvi ettt ettt ettt e st s be e s be e e beebeeabesabeebbeebaesbeesbeebessresnnes 4-39
S I o Vo AV Z=T= (o3 To 1T S 4-39
e I o Vo] £ Lo T gl [T =T S 4-39
o Vo] £ g To L =T oo S 4-40
o Vo] £ g To [ o o 4= S 4-40
A o Vo g o L e Tt o] 1 (=) S 4-40
4.14.23 AdaptRNAWFACIOIPRET......c..iiiice ettt et e e te e aeaneeaneas 4-40
4.14.24 AdaptRNAWFACIOrBRET........ocii ettt et et a e te e teaseeanees 4-40
4.14.25 AdaptRNAWFACIOTINRET ......ociice et ba e te e e e eennees 4-40
4.14.26 AdaptRNAWFACIOrPNRET .......c.oi et te e te e e 4-40
4.14.27 AdaptRNAWFACIOrBNRET .........oieciic ettt e te e te s e aneas 4-40
4.14.28 AdaptRNACIWEACIOTIRET ...ttt te e te e ee e 4-40
4.14.29 AdaptRNACIWEACIOIPRET ......viciiece ettt et e ta e te e eeaeeannas 4-40
4.14.30 AdaptRNACIWEACIOIBRET .......ociiecee et ettt e te e te e 4-41
4.14.31 AdaptRNACIWEACIOFINRET ......cciiee ettt te e te e 4-41
4.14.32 AdaptRNACIWEFACIOIPNRET ...ttt e ta e te e teseeanees 4-41
4.14.33 AdaptRNACIWEFACIOIBNRET........eiiic ettt ta e te e te e anees 4-41
4.15 ERROR RESILIENT OPTIMIZED RATE DISTORTION OPTIMIZATION ......ceitietieteneesieesieesieesreesneennessnesseeneeens 4-41
151 LOSSRALEA ...ttt h b bR R R R e e Rt e Rt Rt R e R e e R e e Re e re e e 4-41
4152 LOSSRALEB ...ttt ettt R R Rt Rt Rt R e R R Re e re e r e 4-41
153 LOSSRALEC ...ttt bttt h bbb R bRt h e Rt bRt R e R e bt e be e ne e nnees 4-41
4.15.4 NUMDEIOTDECOUETS ...ttt bbbt bttt bbbt e e et et b e 4-41
4.15.5 RESIIICIREIFTAMES. ..ottt bbbttt b e bbbt e bt e et et sne e 4-41
4.15.6 RESIIICISEAICHRANGE ... ..ccti ettt et e te e s te e te e b e esbeeseesteesteesbeeteaneenneas 4-42
4.15.7 DisableThreShOIaING .......ccveiiiie et e et et e te e beereanrenneas 4-42
4.15.8 BIASSKIPRDO .....uiieiiitiiieieete sttt sttt sttt st s e ebe st et eb e s b e s e ebesb e s e e be e b et e beebe e ebeebe e erenbe e ere b e 4-42
4.15.9 FOrceTrUBRALERDO ........oouiiiiiiie et r et b ettt e st e e e 4-42
4.15.10 DiSADIEBSKIPRDIO ........eiiuiiieiiitiiieiiste sttt sttt et sttt ebeste e ebesbeseebesbe e ebesbeeebesbeeetesneneas 4-42
4.15.11 SKIPINTrAININIEISHICES ...cuvieiiciece ettt et e s te et e e eenbeeaeesteesteesbeenteaseeaneas 4-42
4.15.12 SEAICNIMOGE ...ttt bbbt bbb e bt bt et e b ekt s bt ekt b e e b et e b et eae e 4-42
416 EPZS OPTIONS. ..ot itiiiitiitesietesteiete sttt st ettt s b s et ae e eb et e e e be e b e s e b e s be e e bt e b et es e e b e e en e b e b en e et et eneabe s enen 4-43
N o A 1 T 4 [ ST SSS PSRRI 4-43
4.16.2 EPZSDUAIRETINEMENT ...ttt bbbttt b bbbt e et nbenne e 4-43
I = oA b= o [ =T [0t (o] USSR 4-44
4.06.4 EPZSTEMPOTAL ... ..ottt bt bbbt s e e e b e bbb e bt e re et b et nae e 4-44
4.16.5 EPZSSPAIIAIMEM ......ecviieiiiteiieieste ettt sttt sttt st be st e be s b e e abe st e s e e tesbe e etesbe e eteebe e ereere e 4-44
4.16.6 EPZSIMINTRIESSCAIE ......ocvieiiciece ettt ettt ettt ste et e e nb e e ne e sraeste e baesbeeteeseennees 4-44
4.16.7 EPZSIMEATRIESSCAIE. ......cctieiieiecie ettt ettt ettt st s te e s be e steenbeeneeeneestaesbeesbeesteanreaneas 4-44
4.16.8 EPZSIMAXTNIESSCAIE.......ccuiiiieiicie ettt ettt ettt st e s te e sbe e teeaeeeseeentestaestaesbeesteannennees 4-44
4.16.9 EPZSSUDPEIME ......coootiiiiiite ittt sttt sttt sttt st et s bt e besb e ebe st e s e ebe st e e etesbeeebesbeeetesreseas 4-44
4.16.10 EPZSSUDPEIMEBIPIEA ......oviiiiiiiieiiete sttt sttt sttt st sttt ste b e ebesbe e enesne e 4-45
4.16.11 EPZSSUDPEITRIESSCAIE ......veciviciieiie ettt sttt e sbe et et e e be e teanneannes 4-45
4.16.12 EPZSSUDPEIGII ....ocviieiiite ittt sttt ettt sa e te st e s ebe st et etesbe e ebesbe e etesne e 4-45
AT UMHEX OPTIONS ...oeiteiitteiteatt ettt sttt ettt be e s bt e sbeesbeabeeabeehe e eb e e sbe e b e e sbeasb e s heesheesbeeabeenbeenbeanbenbeenbeens 4-45
4171 UMHEXDSR ...ocviitiieiiste ittt sttt sttt sttt st et s b e et e s b e s e e be s b e s e e be e b et ebesbe e ete et e e etenbe e eneerereas 4-45
A Y ] o e Tor LI TS OSSR 4-45
4.18  EARLYSKIPENABLE .....oiittiittitt ettt ettt ettt ettt e bttt bt b e e e e e he e ebe e e b e et e e sk e e s be s he e shn e sbeeebeenbeanbesnbesbeanbeens 4-45

H.264/14496-10 AVC Reference Software Manual Page vii



1. General Information

4.19  SELECTIVEINTRAENABLE ...cutititiitiitetietistes ettt ettt ettt et bbbt b bbbt b bt s et et neabe e enes 4-45
420 RATE CONTROL & HRD SUPPORT ....c.tittitiriatiitisietistesestesie sttt sae s st eesesbeseesesbessesesbessesessesseneasensens 4-45
4.20.1 RAtECONIIOIENGDIE ...ttt bt sttt sb ettt eebenre e 4-45
OB o ({8 oo = =1 1Yo Lo S 4-46
= 11 = (=S RT T SS PSPPSRI 4-46
4,204 INIHTAIQP ..ottt bbbt b e bt be s bt b e bbb et ebe et e bt et nae e 4-46
4.20.5 BASICUNIL ..ottt sttt stttk b bbb ek nb et ek e s bt ek st e et ebe et e nbe e ebenre e 4-46
O R O 4= g Y T S 4-46
4.20.7 NUMDBEIOfLEAKYBUCKELS......cuveuieieiie ettt sttt te st et e e e e e e ntenrenes 4-46
4.20.8 LEAKYBUCKERAIEFIIE .......c.ecueeeieiecie ettt e et teste e ene e e e e e stenrenes 4-47
4.20.9 LeakyBUCKEtPAraMIIIE ......c..cviiiie ettt st e e et nrenes 4-47
4.20.10 RCISHCEBITRALIO ... .cveveiiitiiieiiste ettt sttt sttt ettt sb e et sb st st e e ebe st e ebesbe e ebenne e 4-47
4.20.11 RCBSHCEBITRALIOD ... ....cueitiieiiiteiieiiite ettt sttt ettt bbbt b e ebe st e et e sbe e ebenne e 4-47
4.20.12 RCBSHCEBITRALIOL.........ciitiiieiiiteiieiete ettt ettt sttt ettt bt st ebe st et ebesbe e ebesbeeebesre e 4-47
4.20.13 RCBSHCEBITRALIOZ ........cvitiieiiitiiieiiste sttt sttt sttt bbbt st e ebesbe e ebesbeeebenre e 4-47
4.20.14 RCBSHCEBITRALIOS...... .ottt sttt sttt sttt et bbb e e abe st e e ebesbeneebesbe e ebesre e 4-47
4.20.15 RCBSHCEBITRALIOA ........coviviiieiiite ettt sttt sttt et bbbt st e b e st e e ebesbe e ebesbe e etesre e 4-47
4.20.16 RCIOVEIPRALIO ... .c.eitiieiiitiiieiste ettt ettt sttt e et sb e ebe st e s et e sbe e ebesbe e ebesbeeebenaeneas 4-47
4.20.17 RCBOVEIPRALIO ... vt ititeieite ittt sttt sttt sttt sttt st et st e ebesbe e ebe st e s e abesbe e ebesbeeebesbe e ebenreneas 4-47
4.20.18 RCMINQPPSIICE ...viitiieiiitiiieeste ettt sttt st bbbt sbe e e be st e s ebesbe e ebenbe e ebesbeeebenreseas 4-48
4.20.19 RCMAAXQPPSIICE . ....eiviieieittiieeste ettt sttt bbbt st be st s e ebe st et ebesbe e ebesbe e ebesreseas 4-48
4.20.20 RCMINQPISHCE . vcviitiieiicte ettt sttt sttt st et s b et e st e e et e st et ebesbe e ebesbe e ebenre e 4-48
4.20.21 RCMABXQPISIICE .. .cvviteieieete ittt ettt ettt sttt et st et sb e et e st et ebesbe e ebesbe e ebenre e 4-48
4.20.22 RCMINQPBSIICE ..ottt sttt sttt bbbt sb e et sa e ebe st e s e ebesbe e ebesbeeebesbe e etenreseas 4-48
4.20.23 RCMAAXQPBSIICE. ...ttt sttt ettt bbbt sb e et st s e et e st et ebesbe e ebesbe e ebesre e 4-48
4.20.24 RCMINQPSPSIICE ...oviieiiitiiieiiete ettt sttt sttt st st sttt et sbe e be st e s e ebe st et ebesbe e ebesbe e ebenreseas 4-48
4.20.25 RCMAXQPSPSIICE.....viveiiitiiieiete ettt sttt sttt bbbt st e e besb e e e be st e s e ebe st et ebesbe e ebesbeeetesreseas 4-48
4.20.26 RCMINQPSISHICE ....voviieiiitiiieiste ettt sttt st sttt et sa e abe s b e s ebesbe e ebesbe e ebesbeeebesreseas 4-48
4.20.27 RCMAXQPSISHICE ...tttk st et ettt sb et ebe st e s ebesbe e ebesbe e ebesbeeeteare e 4-48
421  RATE DISTORTION OPTIMIZED QUANTIZATION PARAMETETRS ..iuvviiiieiieeiiiesieesieessseessinesnseessinesnsessens 4-48
4.21.1 USERDOQUANT .....c.veiiitiiieieetesieestesieseeteseesastesee e sbestesesbeseeseabesbe e abesbeseabesbeseabesbe e ebesbeeebesbeeebesbeeesesreeas 4-48
4.21.2 RDOQ Dottt ittt sttt sttt ettt e b st e st e ke st e s ek e s b st e b e e e e st e b e eb et ebe bt ebe bt ere bt ebe b e 4-48
I I (@ 10 1 PSSP PSRRI 4-49
4.21.4 RDOQ _DC_CR...eiiiiiettiieeete sttt ettt ettt sttt st e s ebe st e et e sbe st ebe st e st et e st e e ebesbe e ebeabe e ebenbeeebenbeeas 4-49
4.21.5 RDOQ _QP_INUM L.ttt sttt sttt st et et e et e st e e e besbe s e ebesbe s e e besbe e ebeabeeebesbeeebeaneseas 4-49
4.21.6 RDOQ _CP_IMOUE ...ttt sttt st ettt se et st sb e ebe st e e e besbeseebe st e s e abesbe e ebeabe e abesbeseebenreseas 4-49
4.21.7 RDOQ _CP_IMV ..ottt sttt sttt sb et ettt sttt s et e st et et e st e s e et e sbe e ebeabe e ebesbe e ebenbeneas 4-49
4.21.8 RDOQ _FASE .. .cuiitiieiiitiiieiete ettt sttt sbe et et st e s e ebe st e eb e st e st e benb e s e e besbe e ebeebe e ebeebe e etenbe e ereereneas 4-49
4.22  SEIPARAMETERS .. .coittiitteittett ettt ettt sttt e bt e e sb e s be e sbe e bt e bt e ae e e he e eb e e bt e bt e s bt eh bt abe e she e aheeabeebeennean b e nbeenbeens 4-49
4.22.1 GENEIAIESEIMESSAGE ... .eeiiviieitiee ittt sttt sttt e st e e st e e et e e e s be e st e e e be e e be e e beeenbeeeees 4-49
4.22.2 SEIMESSAGETEXL . ....ee ettt sttt he bbbt bt s bt b e sb e e s bt e bt e bt e bt en bt eb e eb e e ke e be e b e ennas 4-49
4.22.3 TONeMapPPINGSEIPTESENTFIAG. ... ...i ettt ettt be e 4-49
4.22.4 TONEMAPPINGFTIE ...ttt bbbttt e et bbbt e e e et et b nes 4-49
4.22.5 SEIFPATYPE . ooteiteiteteete ittt sttt sttt sttt e st et e ebe st et e et e st e s e e be s b e s e et e sb e st e besbe s e ebeab et e b e et et eteebe e etenae e eteereeas 4-49
4.23  WUIPARAMETERS ....cttiittiittatt ettt ettt ettt ettt et eshe e s bt e sb e e bt e bt e as e ek e e eb e e ek e e b e e s ke eh b e s be e she e ebeenbeanbeenbeasbenbeenbeens 4-50
4.23.1 VUI_aspect_ratio_info_preSent_flag.........ccooeiiiiiieiiee s 4-50
4.23.2 VUI_GSPECL_FALIO TUC .. .eveieieiieiiie sttt bbb b e e 4-50
4.23.3 VUL S WILLN....coiiiiiici et et e st e e s te et e et e eabeeaeesteesbeesbeeeeaseeannes 4-51
4234 NVUL_SAF_NBIGNT. ... bbbttt b et bbb e et et b et e e 4-51
4.23.5 VUI_overscan_info_present_flag ... s 4-51
4.23.6 VUI_overscan_appropriate_flag ........coceooii e s 4-51
4.23.7 VUI_video_signal_type present flag ... s 4-51
A YU ] IV To [=To T (o] 1 T AU OSSR 4-51
4.23.9 VUI_Video_fUull_range _flag .......ooe ittt 4-52

H.264/14496-10 AVC Reference Software Manual Page viii



1. General Information

4.23.10 VUI_colour_description_present_flag........cccoceieiiiiecicieiccc et 4-52
B0 VL I ot FoTU Tl o] [ 4= 1SS S 4-52
4.23.12 VUI_transfer_CharaCteriStiCS.......oiiviiiiiieieieie e e ettt e et nnenns 4-52
4.23.13 VUI_MAtrixX_COBTICIENTS ....vcvviieiieie sttt sttt te e et e st nnenes 4-52
4.23.14 VUI_chroma_loc_info_present_flag.........cccoeieiiiiiie st 4-52
4.23.15 VUI_chroma_sample_loc_type top _field.........ccccoiiieiiieiece e 4-52
4.23.16 VUI_chroma_sample_loc_type_bottom_field...........ccooveieiiiii e 4-52
4.23.17 VUI_timing_info_present flag ... 4-52
4.23.18 VUI_NUM_UNIES_IN_TICK .vevverieitiitesiesir ettt ettt saeste e ena e e eennennenns 4-53
N T R IV L I 111 Tl [ S 4-53
4.23.20 VUL _fixed_frame_rate_flag ........cccceiviiiiieiieie sttt e 4-53
4.23.21 VUI_nal_hrd_parameters_present flag .........cccoieiiiieiiiieicic s 4-53
4.23.22 VUI_nal_vcl_parameters_present flag ... 4-53
4.23.23 VUL_IoW_delay _Nrd_flag.......ccooeiiieiie ettt 4-53
4.23.24 VUIL_pic_Struct_preSent_flag.....cccoe e 4-53
4.23.25 VUL _bitstream_restriCtion_flag .........cccooveie i 4-53
4.23.26 VUI_motion_vectors_over_pic_boundaries_flag .........cccccvevviiiiiiiie i 4-53
4.23.27 VUIL_max_byteS Per_PIiC_UBNOM .....ccviieiie e cie sttt ste e te s te e ste et e e e st e staesraesteeaeaseesnees 4-54
4.23.28 VUI_max_bits_per_mb_denOm.........cco it 4-54
4.23.29 VUI_log2_max_mv_length_horizontal .............c.cooviiiiiiiiece e 4-54
4.23.30 VUI_10g2_max_mv_Ilength VErtiCal ...........ccceeiiiiiiiece et 4-54
4.23.31 VUIL_NUM_FEOFUEE_fTAMES ....cuviiiieiiie ettt sttt ettt st te e sae et e s e st e sta e taesbeenteaneennees 4-54
4.23.32 VUI_max_dec_frame_DUFfEFING.......cccve i 4-54
424 OTHER SETTINGS ...cutetteeteesteareasreaseeaseesteesseassesssesseesseesseesseaseasneasseaseesbe e b e esbeassesseesmeesbeeabeanseenneanrenseenneens 4-54
4.24.1 NUMFrameSINELAYEISUDSEQ ... .eiveiieiee ettt ste e e s e ste e te e beeaeaneenneas 4-54
oY= T T (T =T o) o] o USSR 4-55
4.24.3 SParePiCtUrEDEtECHIONTIN .....iiiiieie ettt e e r e s re e ra e teeteaneenneas 4-55
4.24.4 SparePicturePerCENtAgETII ......ccie ettt re e 4-55
4.25  FREXT PROFILE PARAMETERS ... ..ccuttitteittattasttastesteesteesteesseasseassesssesssesbeesbee st assesseesseesseesbeanseansesssenseesseens 4-55
4.25.1 TranSTOrMBXBIMOTE ........ccueiuieiiiiiite et b ettt b e bbbt e e b et sne e 4-55
4.25.2 SePArateCOIOUIPIANE..........cviiiice ettt te e te et e enb e e st e s te e te e te e teaneennean 4-55
4.25.3 ScalingMatriXPreSENTFIAQ .........cciviiieiie ettt 4-55
4,254 QMALTIXFIIE .. .eceii ettt e et et e e a et e e a et e e te e te e aeereanes 4-55
4.25.5 ScalingLiStPreSENtFIAg0.........cvi ettt ettt re e 4-56
4.25.6 SCAliNGLISTPIESENTFIAQL.....c.viiieeeie ettt e e b e st e teeste e teasaeaneas 4-56
4.25.7 SCAliNGLIStPIESENTFIAQ2 ... .c..i ettt e st e te e te e teaseeanees 4-56
4.25.8 SCAliNGLIStPIESENTFIAQS ... .c.viieiieiie ettt e st e te e te e teaseeaneas 4-56
4.25.9 SCaliNGLIStPIESENIFIAQA ......c..eceeceee ettt et et et e e be e teaneeannes 4-57
4.25.10 SCalingLIStPIeSENtFIA0S ... ...cviiieiie ettt et et ra e te e aennees 4-57
4.25.11 SCalingLIStPIeSENtFIA06 .......c.vecieiie ettt et sa et et be e reanees 4-57
4.25.12 SCAliNGLISIPIESENTFTAGT ... vttt bbbttt bbbt b e b e e 4-57
4.25.13 LOSSIESSCOING ...ttt ettt sttt ettt sttt b et e e b e bbbt e b e e Rt e st et e bt ebe ke bt ene e e et e nbesaeneas 4-58

5. HARDCODED ENCODER PARAMETERS........co ittt 5-1
5.1 DEFINES.H 1.vtteteiteteteste st e e s te st eteste st e e st e st e se e b et eteebesseseebe st eseebe s ese et e s ese e b e s et e e besbese et e ebeseebe st eseebe st eneebe st eneebentens 5-1
5.2 (o0 N[ [l T = T T TSP P PO T PR PPPRTRPPN 5-2
6. EXPLICIT SEQUENCE INFORMATION FILE .....ccicciiiiieieice ettt 6-2
6.1 FILE FORMAT .ttt ettt bbbt e bt et e a bt ek e eb e k£ e bt e b e e s bt e he e e he e ebeeebeenbeenneen b e nbnenbeen 6-1
7.  USING THE JM DECODER MODULE ........oiiiiiiie ettt et ve e stae e stae e snae e snaeennneennne s 7-1
7.1 DECODER SYNTAX ....ttiitteittesteasteaseeastesteesteesteasaessaessessseesaeesseanseansesssesseesseeseassessesssssasesssesaseenseenseansenenssenns 7-1
7.2 DECODER CONFIGURATION FILE FORMAT ....ccvtititiitiictiste ittt sttt ae e b n s 7-1
A T o TU L€ 1 S 7-1

H.264/14496-10 AVC Reference Software Manual Page ix



1. General Information

T.2.2 OULPULFTIE ...ttt sttt sb ettt b e ek s bt et e sb et ebesb et et e st et ebesbe e ebenbeneas 7-2

T 2.3 REIFTIE. ..ttt bbb R R bR R et bttt e b b e 7-2
T2 A WIETBUV ...ttt etttk bbb stk s bbb s ekt e bt ekt eb et ekt eb et et e ab et ebenbe e ebenbenean 7-2
AR 11T ] 1 LSS 7-2
A N =] (1 7] SR 7-2
T.2.7 POCSCAIE......e ittt ettt b et sttt sb etk b s e ek e e bt e b e sb et beeb et ebeab et et et e ebe b e 7-2
7.2.8 DISPIAYDECPATAMS ......vcvviiviveitesteeeeeeie st estestestesteesseseesa e testesteaseesseseessebesbeabeaseasseeeeesbeaseaseaseeneeseeeeneenns 7-2
e a1 ToT=T= 111V o Lo S 7-2
7.2.00 RETPOCGAP ..ttt ettt sttt sttt st s bbbt sb etk s b e st ekt s b e st ebesb et ebesb et et e sbe e ebenbe e ebenbeneas 7-3
T.2. 11 POCGAP ..eevtiteieteitesieieste et st st et sttt sbe st e se et e st e seabe s b e s e ebe s be st et e eb e s e eb e s b e s e ek e e bt e b e sbe e e ke eb et ek e ab et ebenbe e ebe et nean 7-3
A 11 | OSSOSO 7-3
7.2.13 IntraProfileDEbIOCKING .....cveiviiiiec et nre e 7-3
A B LTt 1N PO PP P PP UPRRPPRTPR 7-3
R B LTt L= YA L T TSR 7-3

7.3 (D] =lele]n] =2 X @ 1U 1 11U L PR PPR PRI 7-3

8. HARDCODED DECODER PARAMETERS ...ttt 8-1
8.1 [ N RSP PP 8-1

9. SYSTEM GENERATED REPORTS/OUTPUT ..ottt st st 9-1
9.1 [0 1CT1 0.y L TP UP PP 9-1
9.2 STATSFILE DESCRIPTION (STATS.DAT) c.euteitteiteeiteesteastesseessaessaesseesseasseassesssessssssssssssssesssessssssessesssesssessseenns 9-2

H.264/14496-10 AVC Reference Software Manual Page x



1. General Information

1. GENERAL INFORMATION

H.264/14496-10 AVC Reference Software Manual



1. General Information

1. GENERAL INFORMATION

1.1 System Overview

This document contains a detailed description of the usage of the H.264/14496-10 AVC reference
software, and more specifically version 18.0". This includes information about the encoder and decoder
input parameters, syntax, compilation issues, and additional information with regards to best usage and
configuration of this software.
The JM software is the official reference software for the following H.264/14496-10 AVC profiles:
e Basline profile
Main profile
Extended profile
High profile
High 10 profile
High 4:2:2 profile
High 4:4:4 Predictive profile
High 10 Intra profile
High 4:2:2 Intra profile
High 4:4:4 Intra profile
CAVLC 4:4:4 Intra profile
The reference software for Annex G (Scalable Video Coding) profiles is the JSVM software. The
reference software for Annex H (Multi-View Video Coding) is the JIMVC software.
In addition the JM software supports encoding end decoding of the follwing profiles:

1.2 Project References

It is recommended that the users of this software obtain a copy of the ITU H.264/ ISO MPEG-4 AVC
recommendation for full understanding of the capabilities and specifics of the standard. For further info,
users may access the ITU web site at www.itu.int or the ISO web site at www.iso.int. The ITU
document can be downloaded for free from http://www.itu.int/rec/T-REC-H.264, while the equivalent
ISO one can be purchased at http://tinyurl.com/pnyvo. Some additional public references that could be
useful in understanding this new standard and consequently the software are as follows:

e T. Wiegand, G.J. Sullivan, G. Bjontegaard, and A. Luthra, “Overview of the H.264/AVC Video
Coding Standard,” in the IEEE Transactions on Circuits and Systems for Video Technology, July
2003

e G. Sullivan and T. Wiegand, “Video Compression - From Concepts to the H.264/AVC
Standard,” in Proceedings of the IEEE, Special Issue on Advances in Video Coding and
Delivery, December 2004

! The software coordinators should point out that considerable effort was done to reorganize the
reference software, remove almost all global variables, make various components reentrant and modular,
while at the same time keeping or even extending the existing functionality of the software. Nevertheless,
the interface of running the software has remained the same and thre should be little impact to the end
user.
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e D. Marpe, H. Schwarz, and T. Wiegand, “Context-Based Adaptive Binary Arithmetic Coding in
the H.264/AVC Video Compression Standard,” in the IEEE Transactions on Circuits and
Systems for Video Technology, July 2003

e G.J. Sullivan and T. Wiegand, “Rate-Distortion Optimization for Video Compression,” in the
IEEE Signal Processing Magazine, vol. 15, no. 6, pp. 74-90, Nov. 1998

The reference software described in these pages can be downloaded from the following link:
e http://iphome.hhi.de/suehring/tml

1.3 Authorized Use Permission

The software package contains a text file and source code header comments containing disclaimer text
that describes the terms associated with the use of the software and clarifying its copyright and patent
rights status.

1.4 Points of Contact

14.1 Information

For general inquiries with regards to the H.264/MPEG-4 AVC standard users may contact Dr. Gary
Sullivan (garysull@microsoft.com), Dr. Thomas Wiegand (wiegand@hhi.fraunhofer.de), and Dr. Ajay
Luthra (aluthra@motorola.com). Certain information can also be provided through the ITU (www.itu.int)
and ISO (www.iso.int) websites. Information pertinent to the reference software should be directed to the
reference software coordinators (see Section 1.4.2).

1.4.2 Coordination

Software coordination is performed by Mr. Karsten Siihring (Karsten.Suehring@hhi.fraunhofer.de) and
Dr. Alexis Michael Tourapis (alexismt@ieee.org/atour@dolby.com). For further information on key
contributors to the reference software implementation please check the files “contributors.h” within the
reference software package.

1.4.3 Bug Reporting

Any bugs relating to the usage of this package can be reported directly to the software coordinators using
the dedicated Mantis bug tracking system at https://ipbt.hhi.de/. Information of how to use this system
can be found online. Nevertheless, it is suggested that the users consider the following simple rules
before reporting any new bugs:

a) The user should initialy search the database for earlier reports that may relate to the same issue.
If the problem has already been reported, however the user would like to report additional
information that may help in the resolution of the software, this can be added to the original
report.

b) The user should specify if the problem relates to the encoder, decoder or both.

c) The software version should be specified. Note however that it is recommended that the user first
examines the latest version of the software and whether the problem to be reported has already
been resolved.

d) The bug encountered needs to be described as precisely as possible.

e) The necessary steps to reproduce the problem should be described.

f) The configuration files that were used or any other files that may be relevant to this bug and may
help with its resolution should be provided.
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g) The users are strongly adviced to use the language followed by the standard when referencing the
text description.

h) After a user files a report, he/she should frequently examine whether any additional information
is requested relating to this issue.

1.5  Acronyms and Abbreviations

151 AUD: Access Unit Delimiter

152 AVC: Advanced Video Codec

153 CABAC: Context-based Adaptive Binary Arithmetic Coding
154 CAVLC: Context-based Adaptive Variable Length Coding

155 CBR: Constant Bit Rate

15.6 DPB: Decoded Picture Buffer

15.7 EPZS: Enhanced Predictive Zonal Search

158 FFS: Fast Full Search

159 FME: Fast Motion Estimation

1510 FRExt: Fidelity Range Extension

1511 FS: Full Search

1512 GOFP: Group of Pictures

1.5.13 HGOP: Hierarchical Group of Pictures

1.5.14 HRD: Hypothetical Reference Decoder

15.15 IDR: Instantaneous Decoding Refresh

1516 MB: Macroblock

15.17 MBAFF: Macroblock-Adaptive Frame-Field Coding
1.5.18 MVC: Multiview Video Coding

1.5.19 NAL: Network Abstraction Layer

1520 Pel: Pixel

1521 PSNR: Peak Signal to Noise Ratio

1522 RTP: Rapid Transport Protocol

1.5.23 SAD: Sum of Absolute Differences

1.5.24 SATD: Sum of Absolute Transformed Differences
1525 SELl: Supplemental Enhancement Information
1.5.26 SSE: Sum of Square Errors

1.5.27 SSIM: Structural Similarity Index
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1.5.28
1.5.29
1.5.30
1531
1.5.32

SVC:
UMHex:
VBR:
VDRD:
VUI:

Scalable Video Coding

Uneven Multi-Hexagon search

Variable Bit Rate

View Dependency and Representation Delimiter

Video Usability Information
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2. INSTALLATION AND COMPILATION.

2.1  Windows using MS Visual Studio .NET

The software package contains a Visual Studio .NET workspace named “jm_vc7.s1n” for NET 2003
(v7), a workspace named “jm_vc8.sln” for NET 2005 (v8), and a workspace named “jm vc9.sln”
for .NET 2008 (v9). The user should select the appropriate solution according to his/her .NET package.
These workspaces include the following three projects:

lencod H.264/AVC reference encoder

Idecod H.264/AVC reference decoder

rtpdump a tool for analyzing contents of RTP packets
rtp_loss a tool for simulating RTP packet losses

Select the desired project and the appropriate compilation mode, i.e. “Debug” or “Release”. Compilation
will create the binaries “lencod.exe” or “ldecod.exe” in the “bin” directory. “rtpdump.exe” and
“rtp_loss.exe” will be created in the rtpdump and rtp_loss directories respectively.

For compile time settings and options see section 5.

Please note that the software package does not anymore provide support for Visual Studio 6.

2.2 UNIX and Windows using gcc (GNU Compiler Collection)

After unpacking the software package run the “unixprep.sh” shell script. This will remove Windows line
break characters for compilation.
In most shell this should work with:

|. unixprep.sh |

or

chmod u+x unixprep.sh
./unixprep.sh

For compiling the both encoder and decoder type:

|make |

For compiling only the encoder or only the decoder change to the “lencod” or “ldecod” directory and
type:

|make |

within that directory

Binaries named “lencod.exe” and “ldecod.exe” are created in the “bin” directory. For debug mode
binaries one can compile the software using the following syntax:

|make DBG=1
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The above would generate debug binary files named “lencod.dbg.exe” and “ldecod.dbg.exe” in the “bin”
directory for the encoder and decoder respectively.

Additional options that can be used during compilation include M32=1 for enforcing generation of 32-bit
binary executables on 64-bit architectures, OPT=N for controlling the optimization level, and STC=1 for
static linking of libraries.

For compile time settings and options see section 5.
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3. USING THE JM ENCODER MODULE

This section provides a detailed description of the JM encoder’s usage.

3.1 Encoder Syntax

lencod [-h] [-d defenc.cfg] {[-f curencl.cfg]...[-f curencN.cfqg]}
{[-p EncParaml=EncValuel]...[-p EncParamM=EncValueM]}

Options:

-h Prints parameter usage.

d Use  <defenc.cfg> as default file for parameter initializations.
If not used then file defaults to “encoder.cfg” in local directory.

I Read <curencM.cfg>  for  resetting  selected encoder  parameters.
Multiple files could be used that set different parameters.

i Set parameter <EncParamM> to <EncValueM>. The entry for <EncParamM> is

P case insensitive.

See section 4 for a description of all parameters.

Supported video file formats:
The software supports both planar and interleaved/packed raw image data (8 to 14 bit sample inputs).
Furthermore, support is provided for both concatenated (all video frames in a single file) and separate (all
frames in distinct/separate) video data. See more information about different raw pixel formats at
“http://www.fourcc.org/”.
RAW: .yuv.,rgh : P444 - Planar, 4:4:4

P422 - Planar, 4:2:2

P420 - Planar, 4:2:0

P400 - Planar, 4:0:0

1444 - Packed, 4:4:4

1422 - Packed, 4:2:2

1420 - Packed, 4:2:0

IYUV/YV12 - Planar, 4:2:0

IYU1L - Packed, 4:2:0 (UYYVYY)

IYU2 - Packed, 4:4:4 (UYV)

YUY2 - Packed, 4:2:2 (YUYV)

YUV - Packed, 4:4:4 (YUV)

Examples of usage:

lencod.exe
lencod.exe -h

lencod.exe -d default.cfg

lencod.exe -f curencl.cfg
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lencod.exe -f curencl.cfg -p InputFile="e:\data\container gcif 30.yuv"\
-p SourceWidth=176 -p SourceHeight=144

lencod.exe -f curencl.cfg -p FramesToBeEncoded=30 \
-p QPFirstFrame=28 -p QPRemainingFrame=28 -p QPBPicture=30

3.2 Encoder Output

When running the encoder, the encoder will display on screen rate/distortion statistics for every frame
coded. Cumulative results will also be presented. The output information generated may look as follows

depending on the setting of the Verbose input parameter:

Setting Default Parameters...
Parsing Configfile encoder.cfg
Parsing Quantization Offset Matrix file g offset.cfg ....................
——————————————————————————————— JM A7 .1 (FRERE) ———mmooo—coossosoooooossoooo=as
Input YUV file : /data/foreman 176x144 30p.yuv
Output H.264 bitstream : test.264
Output YUV file : test rec.yuv
YUV Format : YUV 4:2:0
Frames to be encoded : 3
Freq. for encoded bitstream : 30.00
PicInterlace / MbInterlace : 0/0
Transform8x8Mode : 1
ME Metric for Refinement Level 0 : SAD
ME Metric for Refinement Level 1 : SAD
ME Metric for Refinement Level 2 : Hadamard SAD
Mode Decision Metric : Hadamard SAD
Motion Estimation for components : Y
Image format : 176x144 (176x144)
Error robustness : Off
Search range : 32
Total number of references : 5
References for P slices : 5
References for B slices (LO, L1) : 5, 1
Sequence type : I-B-P-B-P (QP: I 28, P 28, B 30)
Entropy coding method : CABAC
Profile/Level IDC : (100,40)
Motion Estimation Scheme : Fast Full Search
Search range restrictions : none
RD-optimized mode decision : used
Data Partitioning Mode : 1 partition
Output File Format : H.264/AVC Annex B Byte Stream Format
Frame Bit/pic QP SnrY SnrU Snrv Time (ms) MET (ms) Frm/Fld Ref
00000 (NVB) 176
00000 (IDR) 24536 28 37.414 39.765 42.224 65 0 FRM 1
00002 ( P ) 4664 28 36.714 39.563 41.932 376 281 FRM 1
00001 ( B ) 992 30 36.275 39.467 41.829 1162 1011 FRM 0
Total Frames: 3
Leaky BucketRateFile does not have valid entries.
Using rate calculated from avg. rate
Number Leaky Buckets: 8
Rmin Bmin Fmin
301920 24536 24536
377400 24536 24536
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452880 24536 24536
528360 24536 24536
603840 24536 24536
679320 24536 24536
754800 24536 24536
830280 24536 24536

Total encoding time for the seq.
Total ME time for sequence

Y { PSNR (dB), cSNR (dB), MSE }
U { PSNR (dB), cSNR (dB), MSE }
V { PSNR (dB), cSNR (dB), MSE }

Total bits
Bit rate (kbit/s) @ 30.00 Hz

Bits for parameter sets
Bits for filler data

Bits to avoid Startcode Emulation :

—————————————————— Average data all frames

1.603 sec (1.87 fps)
1.292 sec
{ 36.80, 36.78, 13.66 }
{ 39.60, 39.60, 7.14 }
{ 41.99, 41.99, 4.11 }
: 30368 (I 24536, P 4664, B 992 NVB 176)
: 303.68
25
: 176

Exit JM 17 (FRExt) encoder ver 17.1

The generated statistics in the above list represent the following information. Note that availability of the
fields depends on the Verbose Mode currently used(see section 4.1.30):

Name Format Purpose Verbose Mode
Frame %04d($Type) | Frame Display Order and Type All

Bit/pic %8d Allocated bits for current frame All

NVB %3d Non Video Bits Extended

WP %21d Weighted Prediction method Detailed/Extended
QP %2d Frame Quantization value All

QL %2d Frame Quantized Lagrangian value Detailed/Extended
SnrY %7.3f Luma Y PSNR All

SnrU %7.3f Chroma U PSNR All

SnrV %7.3f Chroma V PSNR All
Time(ms) %7d Total encoding time for frame All
MET(ms) %>5d Total motion estimation time for frame All
Frm/Fld FLD|FRM Picture coding mode All

I %3d Intra Coded Macroblocks Detailed/Extended
D %1d Direct mode (direct_spatial_mv_pred_flag) | Detailed/Extended
LO %2d List0 number of references Detailed/Extended
L1 %2d Listl number of references Detailed/Extended
RDP %d Picture Level RD decision Detailed/Extended
Ref %d C(:rL]Jarllrirr]éfzir(;tnucr:_li?deg‘)erence Indicator All

H.264/14496-10 AVC Reference Software Manual

Page 3-3



3. Using The JM Encoder Module

3.3 Encoder Limitations

At this point, the encoder is characterized by certain limitations which may limit its usage. In particular,
some items that have been identified as being problematic or not properly supported in the software
include:
e The encoder may not perform all level/profile checks as specified in Annex A of the standard
which may result in incompatible/non-conforming bitstreams.
e The currently provided Rate Control is not a state of the art scheme and its slow adaptation speed
can result in the encoder not properly achieving the target bit rate for short sequences.
e Picture Level RD Optimization does not currently fully support interlace coding modes and may
require memory optimizations.
e Adaptive coding structures, i.e. creating Hierarchical groups of pictures of different length and
with different coding/type arrangements, are not supported
¢ Reduntant picture encoding works only with some settings
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4. ENCODER PARAMETERS

4.1 File Input/Output Related Parameters

These parameters specify input/output control of the encoder, including input (source)/output (generated
bitstreams or reconstructed sequence) file names, and file format.
4.1.1 InputFile

Class: Text
Description: First input sequence file name. Name could include file path. Current software only
supports concatenated input sources (i.e. all components and frames should be included in a single file)

Note: For Unix/Linux based systems directories should be separated using a forward slash ““/”’, while for
DOS/Windows systems, directories should be separated using a backslash “\”. The parameter InputFilel
has exactly the same functionality as InputFile and can be used in it’s place.

Example 1 (DOS):

|lencod.exe -p InputFile="f:\seq\420\176x144\foreman 176x144 30.yuv"

Example 2 (Unix/Linux):

|lencod.exe -p InputFile="/vol/seq/420/176x144/foreman 176x144 30.yuv"

4.1.2 InputHeaderLength

Class: Numeric (Integer)
Description: Specifies inputfile header size in terms of bytes. For RAW data files (i.e. YUV) this is
usually O (default).

4.1.3 StartFrame

Class: Numeric (Integer)
Description: Specifies initial frame for encoding. Default value is 0.

4.1.4 FramesToBeEncoded

Class: Numeric (Integer)
Description: Specifies number of frames to be encoded. Unlike earlier versions (14.2 and older) this
parameter now considers all frames at all layers (primary and secondary)

Example 1:
Code 10 frames using an IPPPP... assignment and sequential ordering

|lencod.exe -p FramesToBeEncoded=10

Example 2:
Code 10 frames using an IBBPBBPBBP assignment.

|lencod.exe -p FramesToBeEncoded=10 —-p NumberBFrames=2
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4.1.5 FrameRate

Class: Numeric (Double)
Description: Input File Frame rate. Supports values in the range [0.0, 100.0]. Default value is 30.0.

Note: For interlace material (i.e. 60 or 50 fields), value should be set equal to FieldRate/2 (i.e. 30.0 and
25.0 respectively).

4.1.6 Enable32Pulldown

Class: Numeric (Integer)
Description: Alters the input sequence and converts it into a new interlace sequence using 3:2 pulldown
methods.

Options:

0 Do nothing (default)
1 A, B, Bt|Cb, Ct|Db, D
2 A, B, C, Ct|Db, D

4.1.7 SEIVUI32Pulldown

Class: Numeric (Integer)
Description: Enables 3:2 pulldown using pic_struct signaling in Timing SEI messages.

Options:

Do nothing (default)

A, Bt|Bb, Bt|Cb, Ct|Cb, D
AB,CC,D

At|Ab, Bt|Bb, Bt|Cb, Ct|Cb, Dt|Db
A, Bt|Bb, Bt|Cb, Ct|Db, Dt|Db
At|Ab, Bt|Bb, Bt|Cb, Ct|Db, Dt|Db

G| |lWIN|FL|O

4.1.8 SourceWidth

Class: Numeric (Integer)

Description: Input image width in Luma Samples. If the value is not a multiple of 16 the image is
automatically extended to the next number that is a multiple of 16 and cropping parameters to the
original size are set in the Sequence Parameter Set. Default value is 176.

4.1.9 SourceHeight

Class: Numeric (Integer)

Description: Input image height in Luma Samples. If no Interlace tools are used and if the value is not a
multiple of 16 the image is automatically extended to the next number that is a multiple of 16. Otherwise
if the value is not a multiple of 32 the image is automatically extended to the next number that is a
multiple of 32. If the picture is extended, cropping parameters to the original size are set in the Sequence
Parameter Set. Default value is 144.

4.1.10 SourceResize
Class: Numeric (Boolean)
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Description: If set to 1, then input sequence is resized according to the parameters OutputWidth and
OutputHeight. Currently, resizing is considered through cropping or padding depending on the
relationships of the source and output dimensions. The default value is 0 (disabled).

4.1.11 OutputWidth

Class: Numeric (Integer)

Description: Output image width in Luma Samples. Value is ignored if SourceResize is 0. If the value is
not a multiple of 16 the image is automatically extended to the next number that is a multiple of 16 and
cropping parameters to the original size are set in the Sequence Parameter Set. Default value is 176.

4.1.12 OutputHeight

Class: Numeric (Integer)

Description: Output image height in Luma Samples. Value is ignored if SourceResize is 0. If no Interlace
tools are used and if the value is not a multiple of 16 the image is automatically extended to the next
number that is a multiple of 16. Otherwise if the value is not a multiple of 32 the image is automatically
extended to the next number that is a multiple of 32. If the picture is extended, cropping parameters to the
original size are set in the Sequence Parameter Set. Default value is 144.

4.1.13 Processinput

Class: Numeric (Integer)

Description: Perform optional preprocessing on the input sequence. Currently only supports YV12 to
IYUV conversion, i.e. order inversion of chroma components, (Processinput=2), but will be extended in
the future to provide further functionality such as simple pre-filtering.

4.1.14 Interleaved

Class: Numeric (Integer)

Description: Enables support for Packed/Interleaved image formats. By default, if disabled (0), then a
planar format is assumed. Note that currently this parameter only affects the input video sequence.
Output video sequences are always generated using the planar format.

4.1.15 RGBInput

Class: Numeric (Integer)
Description: Sets YUV or RGB Input

Options:
0 GRB or YUV input (default)
1 RGB Input

4.1.16 YUVFormat

Class: Numeric (Integer)
Description: YUV format

Options:

0 4:0:0

1 4:2:0 (default)
2 4:2:2

3 4:4:4
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4.1.17 StandardRange

Class: Numeric (Integer)

Description: If RGB input, specifies if content uses standard (0) or full (1) range.
4.1.18 VideoCode

Class: Numeric (Integer)
Description: Specifies Video Codes for RGB => YUV conversions

Options:

NULL
ITU_REC709
CCIR_601

FCC

ITU_REC624BG
SMPTE_170M
SMPTE_240M
SMPTE_260M
ITU_REC709 EXACT

N |D|WIN|FL|O

4.1.19 SourceBitDepthLuma

Class: Numeric (Integer)
Description: Specifies input source bit depth for Luma component. Allowable values are in the range of 8
(default) through 14.

4.1.20 SourceBitDepthChroma

Class: Numeric (Integer)
Description: Specifies input source bit depth for Chroma component. Allowable values are in the range
of 8 (default) through 14.

4.1.21 SourceBitDepthRescale

Class: Numeric (Boolean)
Description: If enabled then the bitdepth of the original sequence is altered according to
OutputBitDepthLuma and OutputBitDepthChroma. Default is 0 (disabled).

4.1.22 OutputBitDepthLuma

Class: Numeric (Integer)
Description: Specifies output source bit depth for Luma component. Allowable values are in the range of
8 (default) through 14.

4.1.23 OutputBitDepthChroma

Class: Numeric (Integer)
Description: Specifies input source bit depth for Chroma component. Allowable values are in the range
of 8 (default) through 14.

4.1.24 OutputFile

Class: Text
Description: Output bitstream file name. Name could include file path.
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Note: For Unix/Linux based systems directories should be separated using a forward slash “/”, while for
DOS/Windows systems, directories should be separated using a backslash “\”.

Example:

lencod.exe -p InputFile="f:\seq\420\176x144\foreman 176x144 30.yuv" \
-p OutputFile="foreman.264"”

4.1.25 ReconFile

Class: Text
Description: First output reconstructed file name. Name could include file path. If empty, no output is
generated.

4.1.26 TraceFile

Class: Text
Description: Bitstream Trace file name. File is useful for debugging. To enable, code needs to be
compiled by setting the define TRACE in defines.h to 1.

Note: Trace file generation may fail, if the size of the trace file exceeds 2GB.

Warning: Enabling this option may result in the generation of very large files, while it could also slow
down encoding considerably. Enable with caution. Parameter recommended for debugging purposes.

4.1.27 StatsFile

Class: Text

Description: Statistics output file. The file contains an overview of different coding statistics for the
entire sequence such as number and types of intra and inter macroblocks used , motion vector and
redisual bit information, etc.

4.1.28 ReportFrameStats

Class: Boolean
Description: Allows the generation of a file (stat_frame.dat) containing statistical information such as
number of intra/inter coded blocks, modes used etc. Default value is 0 (disabled).

4.1.29 DisplayEncParams

Class: Boolean
Description: If enabled outputs all encoder parameters on screen, therefore capturing a snapshot of the
encoder configuration. Default value is O (disabled).

4.1.30 Verbose

Class: Numeric (Integer)
Description: Controls level of display verboseness.

Options:

0 Short

1 Normal (default)

2 Full Detail

3 Full Detail with combined Frame/NVB bit statistics (Extended)
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4.1.31 GrayScale

Class: Boolean
Description: Enforce GrayScale encoding of video data by resetting color components to the value

(1<<(bitdepth — 1)).. Default value is 0 (disabled). Requires that code is compiled with the #define flag
ALLOW GRAYSCALE settol.

4.2 Primary Control Parameters

This section described encoder parameters that are common for all profiles and essentially control
encoder behavior, available test modes, Motion Estimation and Mode decision etc.

4.2.1 ProfilelDC

Class: Numeric (Integer)

Description: Value of the profile_idc syntax element. For switching between predictive and intra only
profiles, see the IntraProfile parameter. Default value is 88. For experimental conding the value can be
set to 0 to disable all profile checks. Note that this will automatically result in a non-conforming
bitstream.

Note:Profiles restrict the usagecertain features and encoding modes. See Annex A of H.264/AVC for
supported features for each profile. Reference software may perform tests for certain features for profile
conformance, but it is possible that certain validations are missing.

Options:

44 CAVLC 4:4:4 Intra

66 Baseline

77 Main

88 Extended

100 High

110 High 10 or High 10 Intra

122 High 4:2:2Predictive or High 4:2:2 Intra
244 High 4:4:4 or High 4:4:4 Intra
118 Multiview High

128 Stereo High

4.2.2 IntraProfile

Class: Boolean
Description: Specifies usage of Intra only profiles for ProfileIDC equal to 110, 122 and 244. This results
in setting constraint_set_3 flag equal to 1 in the bitstream. Default value is 0 (disabled).

4.2.3 LevellDC

Class: Numeric (Integer)

Description: Value of the level_idc syntax element. Default value is 21. For experimental conding the
value can be set to 0 to disable all level checks. Note that this will automatically result in a non-
conforming bitstream.

Note: Similar with the ProfileIDC, LevelIDC specifies the capabilities a decoder must fulfill to decode a
bitstream of a certain level. Most level restrictions are driven by memory restrictions and set restrictions
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such as resolution supported, maximum number of references, frame rate etc. See Annex A of
H.264/AVC.
Note that the level setting does not prevent the encoder from breaking certain level restrictions.

Options:

9 1b (Supports QCIF format and below with 380160 samples/sec)

10 1 (Supports QCIF format and below with 380160 samples/sec)

11 1.1 (Supports CIF and below. 768000 samples/sec)

12 1.2 (Supports CIF and below. 1536000 samples/sec)

13 1.3 (Supports CIF and below. 3041280 samples/sec)

20 2 (Supports CIF and below. 3041280 samples/sec)

21 2.1 (Supports HHR formats. Enables Interlace support. 5068800 samples/sec)

22 2.2 (Supports SD/ACIF formats. Enables Interlace support. 5184000 samples/sec)
30 3 (Supports SD/4ACIF formats. Enables Interlace support. 10368000 samples/sec)
31 3.1 (Supports 720p HD format. Enables Interlace support. 27648000 samples/sec)
32 3.2 (Supports SXGA format. Enables Interlace support. 55296000 samples/sec)
40 4 (Supports 2Kx1K format. Enables Interlace support. 62914560 samples/sec)
41 4.1 (Supports 2Kx1K format. Enables Interlace support. 62914560 samples/sec)
42 4.2 (Supports 2Kx1K format. Frame coding only. 125829120 samples/sec)

50 5  (Supports 3672x1536 format. Frame coding only. 150994944 samples/sec)

51 5.1 (Supports 4096x2304 format. Frame coding only. 251658240 samples/sec)

4.2.4 IntraPeriod

Class: Numeric (Integer)

Description: Max period of I-coded frames (non IDR) in the encoded sequence. Note that if the position
corresponds to a non “primary” level, e.g. an intermediate picture belonging to a hierarchical structure,
the nearest picture belonging to the primary level with a position smaller than IntraPeriod will be
encoded as intra instead. A value of 0 (default) implies that only the first frame will be coded as intra.
Note: If field coding is enabled, depending on the value of parameter IntraBottom, only the top field will
be coded as intra.

4.2.5 IDRPeriod

Class: Numeric (Integer)

Description: Period of IDR frames in the encoded sequence. Behaviour is similar to Intra Period. A value
of 0 (default) implies that only the first frame will be coded as IDR.

Note: If field coding is enabled, depending on the value of parameter IntraBottom, only the top field will
be coded as IDR.

4.2.6 EnableIDRGop

Class: Boolean

Description: Enables closed IDR GOPs, i.e. IDRy-P3-B;-By-Pg-B4-Bs-IDR7-P1p-Bg-Bg-P13-B11-B1p. Can
considerably improve coding efficiency when IDR pictures are desired. Default value is 0 (disabled).
4.2.7 IntraDelay

Class: Numeric (Integer)
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Description: Enable delayed (in display order) IDR pictures by IntraDelay pictures, e.g. if IntraDelay=2
then the resulting coding structure could look like this:

IDR;-P1-Pg-P3-P4-Ps-Pg-IDRg-Pg-P7-P1-P11-P1».

Can considerably improve coding efficiency. Default value is 0 (disabled).

4.2.8 AdaptivelntraPeriod

Class: Boolean
Description: Currently ignored.

4.2.9 AdaptivelDRPeriod

Class: Boolean
Description: Currently ignored.

4.2.10 EnableOpenGOP

Class: Boolean

Description: Enables support for Open GOP encoding. Default value is 0 (disabled). OpenGOP in this
context restricts all pictures after an | coded picture in display order from referencing a picture prior to
the | coded picture in display order. This is done through appropriate usage of reordering operations and
setting of num_ref_idx_IX_active_minusl for each available reference list.

Note: Parameter currently does not support field coding, while it enforces reference reordering if
hierarchical encoding is used.

4.2.11 NumberBFrames

Class: Numeric (Integer)
Description: Number of B slice coded frames used. Parameter is overwritten if the HierarchicalCoding
(4.8.4) parameter is set to 3. Default value is 0.

4.2.12 QPISlice

Class: Numeric (Integer)
Description: Sets quantization parameter (QP) value for | slices. Allowable values are in the range of
—6*(BitDepthLuma — 8) to 51. Default value is 24.

4.2.13 QPPSlice

Class: Numeric (Integer)
Description: Sets quantization parameter (QP) value for all P slices. Allowable values are in the range of
—6*(BitDepthLuma — 8) to 51. Default value is 24.

4.2.14 QPBSlice

Class: Numeric (Integer)

Description: Quantization parameter used for non stored B slices. Should be in the range of
—6*(BitDepthLuma — 8) to 51. Usually these quantizer can be set slightly higher than the quantizer for
stored pictures. Default value is 24.

4.2.15 ChangeQPFrame

Class: Numeric (Integer)

Description: For fixed QP encodings, specifies a frame for which to start a new coding group while
considering a different set of QP parameters (based on 4.2.16 through 4.2.20). Default value is 0 (no QP
changes).

4.2.16 ChangeQPI
Class: Numeric (Integer)

H.264/14496-10 AVC Reference Software Manual Page 4-8



4. Encoder Parameters

Description: Sets quantization parameter (QP) value for all I slices in the second QP Group. Allowable
values are in the range of —6*(BitDepthLuma — 8) to 51. Default value is 24.
4.2.17 ChangeQPP

Class: Numeric (Integer)
Description: Sets quantization parameter (QP) value for all P slices in the second QP Group. Allowable
values are in the range of —6*(BitDepthLuma — 8) to 51. Default value is 24.

4.2.18 ChangeQPB

Class: Numeric (Integer)
Description: Sets quantization parameter (QP) value for all B slices in the second QP Group. Allowable
values are in the range of —6*(BitDepthLuma — 8) to 51. Default value is 24.

4.2.19 ChangeQPSP

Class: Numeric (Integer)
Description: Sets quantization parameter (QP) value for all SP slices in the second QP Group. Allowable
values are in the range of —6*(BitDepthLuma — 8) to 51. Default value is 24.

4.2.20 ChangeQPSI

Class: Numeric (Integer)
Description: Sets quantization parameter (QP) value for all Sl slices in the second QP Group. Allowable
values are in the range of —6*(BitDepthLuma — 8) to 51. Default value is 24.

4.2.21 ChromaQPOffset

Class: Numeric (Integer)
Description: Sets the quantization parameter (QP) offset that will be used for coding Chroma
components. Value can be both negative and positive (-51..51). Default value is 0 (no offset).

Note: This option will be used only for Baseline, Main and Extended profiles. For FRExt profiles see
CbQPOffset and CrQPOffset.
4.2.22 CbQPOffset

Class: Numeric (Integer)
Description: Sets the quantization parameter (QP) offset that will be used for coding Cb components.
Value can be both negative and positive (-51..51). Default value is 0 (no offset).

Note: This is a FREXt profile only option. For other profiles see ChromaQPOffset.

4.2.23 CrQPOffset

Class: Numeric (Integer)
Description: Sets the quantization parameter (QP) offset that will be used for coding Cr components.
Value can be both negative and positive (-51..51). Default value is 0 (no offset).

Note: This is a FRExt profile only option. For other profiles see ChromaQPOffset.

4.2.24 FrameSkip

Class: Numeric (Integer)

Description: Number of frames to be skipped when encoding the input sequence, essentially altering the
frame rate of the output video sequence. This has no relationship to and is completely independent from
the number of intermediate, e.g. B coded pictures, that can be used in the encoding. Default value is 0.
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Example 1:

Reduce original framerate by half.

|lencod.exe -p FrameSkip=1

4.2.25 MEDistortionFPel

Class: Numeric (Integer)
Description: Error Metric for Full-Pel (first layer) motion estimation.

Options:

0 Sum of Absolute Differences (SAD). (default)

1 Sum of Square Errors (SSE).

2 Sum of Absolute Transformed/Hadamard Differences (SATD).

4.2.26 MEDistortionHPel

Class: Numeric (Integer)
Description: Error Metric for Half-Pel (second layer) motion estimation.

Options:

0 Sum of Absolute Differences (SAD).

1 Sum of Square Errors (SSE).

2 Sum of Absolute Transformed/Hadamard Differences (SATD). (default)

4.2.27 MEDistortionQPel

Class: Numeric (Integer)
Description: Error Metric for Quarter-Pel (third layer) motion estimation.

Options:

0 Sum of Absolute Differences (SAD).

1 Sum of Square Errors (SSE).

2 Sum of Absolute Transformed/Hadamard Differences (SATD). (default)

4.2.28 MDDistortion

Class: Numeric (Integer)
Description: Error Metric for Mode distortion operations.

Note: If RDOptimization is set to 0, this parameter should be set to exactly the same value as the last
subpixel refinement performed. That is, if DisableSubpelME is 0 MDDistortion should be equal to
MEDistortionQPel. Otherwise, if DisableSubpelME is 1, MDDistortion should be equal to
MEDistortionFPel.

Options:
0 Sum of Absolute Differences (SAD).
1 Sum of Square Errors (SSE).
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2 Sum of Absolute Transformed/Hadamard Differences (SATD). (default)

4.2.29 ChromaMCBuffer

Class: Boolean

Description: Generates and stores sub pixel values for chroma components. Can improve performance
somewhat if multiple references are used at the cost of increased memory usage. Default value is 0
(disabled).

4.2.30 ChromaMEEnable

Class: Boolean
Description: Considers Chroma components during motion estimation, potentially improving chroma and
even overall quality. Requires ChromaMCBuffer to be enabled.

Options:

0 Disabled (default)

1 Co_nsidt_ar Chroma for Motion Compensation only for integer, first level, motion
estimation

2 Consider Chroma for Motion Compensation for all motion estimation levels

4.2.31 ChromaMEWeight

Class: Numeric (Integer)

Description: Specifies weighting factor of chroma component distortion during motion estimation.
Default value is 1.

4.2.32 DisableSubpelME

Class: Boolean

Description: Disables subpixel Motion Estimation. Default value is 0 (enabled).

4.2.33 SearchRange

Class: Numeric (Integer)
Description: Sets allowable search range for Motion Estimation. Default value is 16.

Note: If Rate Distortion Optimization is enabled, the search window is centered around median predictor,
not (0,0).

4.2.34 UseMVLimits

Class: Boolean
Description: Constrain maximum absolute motion vector values according to SetMVXLimit and
SetMVYLimit values. Default value is O (disabled).

4.2.35 SetMVXLimit

Class: Numeric (Integer)
Description: Sets maximum absolute horizontal motion vector value in integer pixel units. Default value
is 2048.

4.2.36 SetMVYLimit

Class: Numeric (Integer)
Description: Sets maximum absolute vertical motion vector value in integer pixel units. Default value is
512. Value is further constrained according to LevelIDC limits.
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4.2.37 NumberReferenceFrames

Class: Numeric (Integer)

Description: Sets the maximum number of references stored in the Decoded Picture Buffer (DPB) for
motion estimation and compensation. Essentially sets the syntax element num_ref_frames in the
sequence parameter sets. Default value is 1.

Note: This parameter needs to conform to level constrains. See Annex A.

4.2.38 PListOReferences

Class: Numeric (Integer)

Description: Override of allowable references used for predicting P slices (basically sets the syntax
element num_ref idx 10_active_minusl). 0 (default) sets number to be equal to
NumberReferenceFrames. Value needs to be smaller or equal to NumberReferenceFrames.

4.2.39 DisposableP

Class: Boolean
Description: Enable non-reference P slices in the primary layer. Default value is 0 (disabled).

Note: This [arameter will enable the encoding of a sequence of the form: I0p1P2p3P4p5... where the
numeric index corresponds to coding and display order, while uppercase and lowercase imply reference
and non reference pictures respectively.

4.2.40 DispPQPOffset

Class: Numeric (Integer)

Description: Specifies quantization parameter (QP) offset used for non-reference P slices.

4.2.41 PreferDispOrder

Class: Boolean

Description: Prefer display order when building the prediction structure as opposed to coding order
(affects intra and IDR periodic insertion, among others). Default is 0.

4.2.42 PreferPowerOfTwo

Class: Boolean

Description: Prefer prediction structures that have lengths expressed as powers of two. Default is 0.
4.2.43 FrmStructBufferLength

Class: Numeric (Integer)

Description: Length of the frame structure unit buffer; it can be overriden for certain cases. Default is 1.
4.2.44 BListOReferences

Class: Numeric (Integer)

Description: Override of allowable references used for predicting B slices using ListO (basically sets
num_ref_idx_I0_active_minusl). 0 (default) sets number to be equal to NumberReferenceFrames.
Value needs to be smaller or equal to NumberReferenceFrames.

Note: Under most cases, setting this value to 2 should be sufficient (i.e. in terms of performance), while
having a significant reduction in terms of complexity.

4.2.45 BList1References
Class: Numeric (Integer)
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Description: Override of allowable references used for predicting B slices using Listl (basically sets
num_ref_idx_I1 active_minusl). 0 (default) sets number to be equal to NumberReferenceFrames.
Value needs to be smaller or equal to NumberReferenceFrames.

Note: Under most cases, setting this value to 1 should lead to better performance (i.e. since no bits are
spend for coding the reference index more bits can be allocated to code mvs or residual). If
HierarchicalCoding is used nevertheless, a larger value might be better.

4.2.46 BReferencePictures

Class: Numeric (Integer)
Description: Use B coded pictures as references (overwritten by HierarchicalCoding). Default is 0.

Note: Mainly available for testing purposes.

Options:

0 Disabled (default).

1 Code B coded pictures in secondary layer as references.

2 Code primary layer reference pictures (normally coded as P) with B coded pictures.

4.2.47 BListSingleDirRefFlag

Class: Boolean
Description: Remove references from listO and listl that come from a different direction. Default is 0
(disabled).

4.2.48 LowDelay

Class: Boolean
Description: Enable Low Delay hierarchical coding structure generation. Default is O (disabled).

4.2.49 Log2MaxFNumMinus4

Class: Numeric (Integer)

Description: This parameter sets the syntax element log2_max_frame_num_minus4 which impacts the
value of frame num in each slice. If the parameter is set to -1, the wvalue of
log2_max_frame_num_minus4 is computed based on FramesToBeEncoded and the number of B coded
frames. Otherwise log2_max_frame_num_minus4 is set equal to Log2MaxFNumMinus4. Default value
is 0.

Note: With sliding window DPB operation the combination of log2_max_frame_num_minus4 equal to
0 and num_ref_frames equal to 16 could lead to inserting two reference frames with the same value of
frame_num into the DPB. To avoid this, the JM encoder prohibits this combination.

4.2.50 Log2MaxPOCLsbMinus4

Class: Numeric (Integer)

Description: This parameter sets the syntax element log2_max_pic_order_cnt_Isb_minus4 which
impacts the value of pic_order_cnt Isb. If the parameter is set to -1, the value of
log2_max_pic_order_cnt_Isb_minus4 is computed based on FramesToBeEncoded and the number of B
coded  frames. Otherwise log2_max_pic_order_cnt_Isb_minus4 is set equal to
Log2MaxPOCLsbMinus4. Default value is 2.
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Note: Parameter has to be properly set to avoid repetitions of pic_order_cnt.

4.2.51 GenerateMultiplePPS

Class: Boolean

Description: When enabled, three different Picture Parameter Sets (PPS) are generated and included into
the bitstream. These Picture Parameter Sets allow the combination of weighted and non weighted
prediction for P and B slices. This option can be combined with the parameter RDPictureDecision to
perform an RD optimal decision between picture coding modes. Value should be disabled when
generating baseline profile bitstreams. Default value is 0 (disabled).

4.2.52 SendAUD

Class: Boolean
Description: Transmit Access Delimiter Unit NALU for every Access Unit. Default value is 0 (disabled).

4.2 .53 ResendSPS

Class: Numeric (integer)
Description: Enables repetition of Sequence (SPS) and Picture Parameter Sets (PPS) at various intervals.
This can be useful for random access/trick modes, error resilience, etc.

Options:

0 Disabled (default)

1 Repeat for all Intra coded pictures

2 Repeat for all IDR pictures

3 Repeat for all IDR and Open GOP intra pictures

4.2 54 ResendPPS

Class: Boolean

Description: Enables repetition of Picture Parameter Sets (PPS)before every primary coded picture. This
could be useful for error resilience or if the encoder decides to update the PPS, i.e for use of a different
WP method, different chroma offsets, different weighted matrices/transform, deblocking, etc. Default
value is O (disabled).

4.2.55 PicOrderCntType

Class: Numeric (Integer)
Description: Parameter sets the value of the syntax element pic_order_cnt_type in SPS.

Options:

0 POC mode 0. Recommended mode (default).

1 POC mode 1, Not fully supported in software.

9 POC mode 2. Not for use with out of order coding. i.e. all pictures need to be in
sequential order.

4.2 .56 UseConstrainedIntraPred

Class: Boolean
Description: If set, disallows inter pixels from being used for intra prediction (sets the syntax element
constrained_intra_pred_flag in the PPS). Default value is 0.
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4.2.57 MbL.inelntraUpdate

Class: Numeric (Integer)

Description: Enables error robustness by performing extra intra macro block updates. 0 (default) off, N:
One GOB every N frames is intra coded.

4.2.58 RandomIntraMBRefresh

Class: Numeric (Integer)
Description: Number of macroblocks per picture that are forced to be intra coded. If non-zero, the intra
macroblocks are selected randomly. Default value is 0.

4.3 Inter/Intra Mode Prediction Control

The following parameters essentially control which inter or intra prediction modes could be used for
encoding purposes.

4.3.1 PSliceSkip

Class: Boolean

Description: Enables Skip Inter modes in P Slices. Default value is 1 (enabled).

4.3.2 PSliceSearch16x16

Class: Boolean
Description: Enables 16x16 Inter Prediction & Motion Compensation in P Slices. Default value is 1
(enabled).

4.3.3 PSliceSearch16x8

Class: Boolean

Description: Enables 16x8 Inter Prediction & Motion Compensation in P Slices. Default value
(enabled).

4.3.4 PSliceSearch8x16

Class: Boolean

Description: Enables 8x16 Inter Prediction & Motion Compensation in P Slices. Default value
(enabled).

4.3.5 PSliceSearch8x8

Class: Boolean

Description: Enables 8x8 Inter Prediction & Motion Compensation in P Slices. Default value
(enabled).

4.3.6 PSliceSearch8x4

Class: Boolean

Description: Enables 8x4 Inter Prediction & Motion Compensation in P Slices. Default value
(enabled).

4.3.7 PSliceSearch4x8

Class: Boolean

Description: Enables 4x8 Inter Prediction & Motion Compensation in P Slices. Default value
(enabled).

4.3.8 PSliceSearch4x4

Class: Boolean

s

is 1

is 1

is 1

sl
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Description: Enables 8x4 Inter Prediction & Motion Compensation in P Slices. Default value is 1
(enabled).

4.3.9 BSliceDirect
Class: Boolean

Description: Enables Direct Mode Inter Prediction & Motion Compensation in B Slices. Default value is
1 (enabled).

4.3.10 BSliceSearch16x16

Class: Boolean
Description: Enables 16x16 Inter Prediction & Motion Compensation in B Slices. Default value is 1
(enabled).

4.3.11 BSliceSearch16x8
Class: Boolean

Description: Enables 16x8 Inter Prediction & Motion Compensation in B Slices. Default value
(enabled).

4.3.12 BSliceSearch8x16

Class: Boolean
Description: Enables 8x16 Inter Prediction & Motion Compensation in B Slices. Default value
(enabled).

4.3.13 BSliceSearch8x8
Class: Boolean

Description: Enables 8x8 Inter Prediction & Motion Compensation in B Slices. Default value
(enabled).

4.3.14 BSliceSearch8x4

Class: Boolean
Description: Enables 8x4 Inter Prediction & Motion Compensation in B Slices. Default value
(enabled).

4.3.15 BSliceSearch4x8

Class: Boolean
Description: Enables 4x8 Inter Prediction & Motion Compensation in B Slices. Default value
(enabled).

4.3.16 BSliceSearch4x4

Class: Boolean
Description: Enables 8x4 Inter Prediction & Motion Compensation in B Slices. Default value
(enabled).

4.3.17 BiPredMotionEstimation

Class: Boolean

Description: Enables Multihypothesis based Motion Estimation for B slice coding. Option currently only
supports 16x16 block sizes and the first list O and list 1 references. Option also considers weights if
necessary. Default value is 0 (disabled).

sl

s

sl

sl

sl

sl

For further information on such ME algorithms check the following papers.
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e S.W. Wu and A. Gersho, “Joint estimation of forward and backward motion vectors for
interpolative prediction of video,” in IEEE Transactions on Image Processing, Vol.3, Iss.5 ,
pp.684=7, Sept.’94.

o Markus Flierl, Thomas Wiegand, and Bernd Girod, "A Locally Optimal Design Algorithm for
Block-Based Multi-Hypothesis Motion-Compensated Prediction”, Proceedings of the Data
Compression Conference, Snowbird, USA, April 1998

4.3.18 BiPredMERefinements

Class: Boolean

Description: Enables additional ME refinements for Multihypothesis based ME. Only considered if
BiPredMotionEstimation is used. Possible values are [0-5]. Default value is 0 (only initial step is
performed).

4.3.19 BiPredMESearchRange

Class: Numeric (Integer)
Description: Specifies search range for BiPredMotionEstimation. However, if BiPredMERefinements are
used then search range is decreased by half for every additional refinement. Default value is 8.

4.3.20 BiPredMESubPel

Class: Numeric (Integer)
Description: Controls subpixel refinement for BiPredMotionEstimation.

Options:

0 Disabled. No Subpel refinement is performed (default)
1 Subpel refinement is performed only for first list.

2 Subpel refinement is performed for both lists

4.3.21 BiPredSearch16x16

Class: Boolean

Description: Enables bipredictive motion estimation for 16x16 partitions in B Slices. Default value is 1
(enabled).

4.3.22 BiPredSearch16x8

Class: Boolean

Description: Enables bipredictive motion estimation for 16x8 partitions in B Slices. Default value is 0
(disabled).

4.3.23 BiPredSearch8x16

Class: Boolean

Description: Enables bipredictive motion estimation for 8x16 partitions in B Slices. Default value is 0
(disabled).

4.3.24 BiPredSearch8x8

Class: Boolean

Description: Enables bipredictive motion estimation for 8x8 partitions in B Slices. Default value is 0
(disabled).

4.3.25 DisableIntralninter

Class: Boolean
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Description: Disable all intra prediction modes for Inter (P or B) slices. Default value is 0 (Intra
prediction modes enabled in all slice types).

4.3.26 IntraDisablelnterOnly

Class: Boolean

Description: Disable Intra prediction modes (in sections Error! Reference source not found. through
Error! Reference source not found.) for Inter (P or B) slices. Default value is 0.

4.3.27 Disablelntradx4

Class: Boolean

Description: Disables all intra 4x4 modes. Default value is 0 (enabled).

4.3.28 Disablelntral6x16

Class: Boolean

Description: Disables all intra 16x16 modes. Default value is 0 (enabled).

4.3.29 DisableIntralninter

Class: Boolean

Description: Disable Intra prediction modes (in sections 4.3.10 through 4.3.34) for Inter (P or B) slices.
Default value is 0 (Intra prediction modes enabled in all slice types).

4.3.30 Intradx4ParDisable

Class: Boolean

Description: Disables 14x4 Vertical and Horizontal prediction modes. Default value is 0 (enabled).
4.3.31 Intra4x4DiagDisable

Class: Boolean

Description: Disables 14x4 Diagonal Down-Left and Diagonal Down-Right prediction modes. Default
value is 0 (enabled).

4.3.32 Intra4x4DirDisable

Class: Boolean

Description: Disables 14x4 Vertical Right, Vertical Left, Horizontal Down, and Horizontal Up prediction
modes . Default value is 0 (enabled).

4.3.33 Intral6x16ParDisable

Class: Boolean

Description: Disables 116x16 Vertical and Horizontal prediction modes. Default value is 0 (enabled).
4.3.34 Intral6x16PlaneDisable

Class: Boolean

Description: Disables 116x16 plane prediction mode. Default value is 0 (enabled).

4.3.35 ChromalntraDisable

Class: Boolean

Description: Disable all Intra Chroma prediction modes except DC. Default value is 0 (enabled).
4.3.36 FastCrintraDecision

Class: Boolean
Description: Perform a separate intra chroma mode decision prior to determining final coding mode. Can
provide significant encoding speedup. Default value is 1 (enabled).
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4.3.37 EnableIPCM

Class: Numeric (Integer)
Description: Enables usage of I_PCM macroblock mode.

Options:

0 Disabled (default)

1 Enabled

9 Enabled as needed, i.e. based on performance of other inter/intra modes
(only available for RDOptimization = 9)

4.4 MVC coding parameters (main cofiguration file)

4.4.1 NumberOfViews

Class: Numeric (Integer)

Description: Set the number of views/layers to encoder for MVC, up to a maxumum of 2. Default value
is 1 (single view/layer).

4.4.2 ViewlConfigFile

Class: Text
Description:Specifies the configuration file name from which the options for the second view are read.

4.5 MVC coding parameters (View 1 cofiguration file)

4.5.1 MVCEnablelnterViewFlag

Class: Boolean

Description: Enable inter layer/view prediction for MVC. Default is 1 (enabled)
45.2 MVClnterViewReorder

Class: Numeric (Integer)
Description: Enable reference reordering for interview prediction.

Options:
0 Disabled (default)
1 Enabled (forced)

4.5.3 QPOffset

Class: Numeric (Integer)
Description: Sets the quantization parameter (QP) offset that will be used for coding the enhancement
layer for MVC. Value can be either negative or positive (-51..51). Default value is 0 (no offset).

45.4 MVClInterViewForceB

Class: Boolean
Description: Force B coded pictures for the enhancement layer coding of MVC. Default is 0 (disabled).

455 MVClInterViewReorder
Class: Boolean
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Description: Reorder References according to interview pictures. Default is O (disabled).

4.5.6 SepViewlInterSearch

Class: Boolean
Description: If set, allows different InterSearch modes to be set for each view. Default is 0 (disabled).

4.5.7 NoResidueRDO

Class: Boolean
Description: Test no residue case for View 1 during RDO. Default is 1 (enabled).

4.5.8 MVCFlipViews
Class: Boolean

Description: Reverses the order of the views in the bitstream (view 1 has VOIdx 0 and view 1 has VOIldx
0)

4.5.9 Other View 1 parameters
In addition the following main configuration file parameters are available in the View 1 configuration
file with the same meaning:

e InputFile
ReconFile
SearchRange
DisableSubpelME
Disablelntralninter
PListORefs
BListORefs
BList1Refs
LambdaMultiplier
MELambdaMultiplier
PSliceSkip
PSliceSearch16x16
PSliceSearch16x8
PSliceSearch8x16
PSliceSearch8x8
PSliceSearch8x4
PSliceSearch4x8
PSliceSearch4x4
BSliceDirect
BSliceSearch16x16
BSliceSearch16x8
BSliceSearch8x16
BSliceSearch8x8
BSliceSearch8x4
BSliceSearch4x8
BSliceSearch4x4
BiPredMESearchRange
MDReference
DFDisableReflSlice
DFDisableNReflSlice
DFDisableRefPSlice

H.264/14496-10 AVC Reference Software Manual Page 4-20



4. Encoder Parameters

DFDisableNRefPSlice
DFDisableRefBSlice
DFDisableNRefBSlice
DFDisableRefSPSlice
DFDisableNRefSPSlice
DFDisableRefSISlice
DFDisableNRefSISlice
DFAlphaRefISlice
DFAlphaNReflSlice
DFAlphaRefPSlice
DFAlphaNRefPSlice
DFAlphaRefBSlice
DFAlphaNRefBSlice
DFAlphaRefSPSlice
DFAIlphaNRefSPSlice
DFAlphaRefSISlice
DFAlphaNRefSISlice
DFBetaReflSlice
DFBetaNReflSlice
DFBetaRefPSlice
DFBetaNRefPSlice
DFBetaRefBSlice
DFBetaNRefBSlice
DFBetaRefSPSlice
DFBetaNRefSPSlice
DFBetaRefSISlice
DFBetaNRefSISlice
SearchMode
EPZSTemporal
EnableEPZSScalers
EPZSMinThresScale
EPZSMaxThresScale
EPZSMedThresScale
EPZSSubPelThresScale

4.6 Deblocking Filter Control
Parameters to control in-loop deblocking filter behavior.

4.6.1 DFParametersFlag

Class: Boolean
Description: Sets the value of the syntax element deblocking_filter_control_present_flag. Default
value is O (disabled).

Note: Although currently the encoder supports multiple PPS this parameter still sets the same deblocking
filter parameters for all coded pictures.
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4.6.2 DFDisableReflSlice

Class: Numeric (Integer)
Description: Sets the value of the syntax element disable_deblocking_filter_idc for I slices belonging to
a reference picture. Requires DFParametersFlag to be set.

Options:

0 Default. Additional loopfilter offsets are also encoded and considered during
deblocking

1 Disables deblocking for all edges.

2 Disables deblocking at slice boundaries only

4.6.3 DFAIlphaReflSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_alpha_c0_offset_div2 for I slices belonging to a
reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ... 0,
+1, .. +6}. Default value is 0.

4.6.4 DFBetaReflSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_beta offset_div2 for | slices belonging to a
reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ... 0,
+1, .. +6}. Default value is 0.

4.6.5 DFDisableNReflISlice

Class: Numeric (Integer)
Description: Sets the value of the syntax element disable_deblocking_filter_idc for I slices belonging to
a non reference picture. Requires DFParametersFlag to be set.

Options:

0 Default. Additional loopfilter offsets are also encoded and considered during
deblocking

1 Disables deblocking for all edges.

2 Disables deblocking at slice boundaries only

4.6.6 DFAIphaNReflSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_alpha_c0_offset_div2 for I slices belonging to a
non reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ...
0, +1, .. +6}. Default value is 0.

4.6.7 DFDisableReflSlice

Class: Numeric (Integer)
Description: Sets the value of the syntax element disable_deblocking_filter_idc for I slices belonging to
a reference picture. Requires DFParametersFlag to be set.

Options:
0 Default. Additional loopfilter offsets are also encoded and considered during
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deblocking
1 Disables deblocking for all edges.
2 Disables deblocking at slice boundaries only

4.6.8 DFAIphaRefPSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_alpha_c0_offset_div2 for P slices belonging to a
reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ... 0,
+1, .. +6}. Default value is 0.

4.6.9 DFBetaRefPSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_beta_offset_div2 for P slices belonging to a
reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ... 0,
+1, .. +6}. Default value is 0.

4.6.10 DFDisableNRefPSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element disable_deblocking_filter_idc for P slices belonging
to a non reference picture. Requires DFParametersFlag to be set.

Options:

Default. Additional loopfilter offsets are also encoded and considered during
deblocking

Disables deblocking for all edges.
Disables deblocking at slice boundaries only

4.6.11 DFAIphaNRefPSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_alpha_c0_offset_div2 for P slices belonging to a
non reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ...
0, +1, .. +6}. Default value is 0.

4.6.12 DFDisableRefBSlice

Class: Numeric (Integer)
Description: Sets the value of the syntax element disable_deblocking_filter_idc for B slices belonging
to a reference picture. Requires DFParametersFlag to be set.

0

Options:

Default. Additional loopfilter offsets are also encoded and considered during
deblocking

Disables deblocking for all edges.
Disables deblocking at slice boundaries only

4.6.13 DFAIlphaRefBSlice
Class: Numeric (Integer)

0
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Description: Sets the value of the syntax element slice_alpha_c0_offset_div2 for B slices belonging to a
reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ... 0,
+1, .. +6}. Default value is 0.

4.6.14 DFBetaRefBSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_beta_offset_div2 for B slices belonging to a
reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ... 0,
+1, .. +6}. Default value is 0.

4.6.15 DFDisableNRefBSlice

Class: Numeric (Integer)
Description: Sets the value of the syntax element disable_deblocking_filter_idc for B slices belonging
to a non reference picture. Requires DFParametersFlag to be set.

Options:

Default. Additional loopfilter offsets are also encoded and considered during
deblocking

Disables deblocking for all edges.
Disables deblocking at slice boundaries only

4.6.16 DFAlphaNRefBSlice

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_alpha_c0_offset_div2 for B slices belonging to a
non reference picture. Requires DFParametersFlag to be set. Allowable values are in the range {-6, -5, ...
0, +1, .. +6}. Default value is 0.

0

4.7 Weighted Prediction Parameters
The following parameters enable weighted prediction.

4.7.1 WeightedPrediction

Class: Boolean

Description: Sets the value of the syntax element weighted pred_flag and enables explicit weighted
prediction for P slices. A simple model, based on picture DC values is used for estimating weights.
Default value is 0 (disabled).

Note: This parameter is ignored when RDPictureDecision is used.

4.7.2 WeightedBiprediction

Class: Numeric (Integer)
Description: Sets the value of the syntax element weighted_bipred_idc and enables weighted prediction
for B slices.

Options:

0 Disabled (default).

1 Explicit Weighted Prediction.

2 Implicit Weighted Prediction. Weights are based on POC distances.
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Note: This parameter is ignored when RDPictureDecision is used.

4.7.3 UseWeightedReferenceME

Class: Boolean

Description: Use weighted references for motion estimation. Default value is 0 (disabled).

4.7.4 WPMethod

Class: Boolean

Description: Use DC based (0: default) or Least Mean Square (LMS) method (1) for weighted prediction.
4.7.5 WPIlterMC

Class: Boolean
Description: Use DC Iterative Motion compensated based weighted prediction method. Default value is 0
(disabled)

4.7.6 EnhancedBWeightSupport

Class: Boolean

Description: Use LMS method for B slice weighted prediction. Default value is 0 (disabled).
4.7.7 WPMCPrecision

Class: Numeric (Integer)
Description: Improved Motion Compensation Precision using WP based methods. Clones WP references
with slightly modified rounding offsets (Requires RDPictureDecision and GenerateMultiplePPS) :

Options:

0 Disabled (default).

1 Up to one additional coding pass. Ref0 is 0, refl is 0 with a -1 offset

2 Up to two additional coding passes. (1) Ref0 is 0, refl is 0 with a -1 offset, (1) Ref0
is 0 with a -1 offset, refl is 0

4.7.8 WPMCPrecFullRef

Class: Numeric (Integer)

Description: Increases the number of references in the reference picture lists to account for the lost
reference slot when reordering is used during a coding pass in WPMCPrecision for reference replication.
The number of references in non-reordered passes stays unchanged. Default value is 0 (keep the same
number of references).

4.7.9 WPMCPrecBSlice

Class: Numeric (Integer)
Description: Applies different methods when considering the improved motion compensation precision
process in B slices.

Options:

0 Disable rounding for B slices.

1 Disable_ rounding fqr non-reference B.s!ices. Non-reference B slices are evaluated for
alternative QPs during RDPictureDecision.(default)

2 Apply rounding on every B slice. This efectively disables the evaluation of
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‘ | alternative QPs during RDPictureDecision.

4.8 B Pictures and CodingStructure

4.8.1 BRefPicQPOffset

Class: Numeric (Integer)
Description: Quantization offset parameter used for stored B slices. Should be in the range [-51..51].
Default value is 0.

4.8.2 DirectModeType

Class: Boolean

Description: Sets the value of the syntax element direct_spatial_mv_pred_flag which controls the
direct mode type to be used. 0 means temporal direct, while 1 means spatial direct. Default value is 0
(temporal).

4.8.3 DirectInferenceFlag

Class: Boolean

Description: Sets the value of the syntax element direct_8x8 inference_flag in the SPS which affects
semantics of Direct Mode. The value is constrained by level restriction in Annex A of H.264/AVC (i.e.
for any level above or equal to 3 the parameter needs to be equal to 1), and should be set appropriately
even if no B slices are to be used. Default value is 0.

4.8.4 HierarchicalCoding

Class: Numeric (Integer)
Description: Enables the use of advanced coding picture structures for the secondary layer. This includes
the use of a hierarchical type order, or explicit frame coding types/ordering.

Options:

0 Disabled (default). Use default coding types.
Use double layer approach. More specifically, if N number of B coded frames are
used, all B coded frames at odd positions (starting from 0) will be coded first and

1 X .
stored and used as references, while even ones will follow and be coded as non
reference.

9 Use Hierarchical layer approach with multiple levels. Basically a power of two
approach is used, where each level is assigned a different priority.

3 Explicit Coding type & order. Requires presence of ExplicitHierarchyFormat
parameter.

Example 1:

We would like to encode video with the following coding order 10-P8-Bs4-Bs2-Bs6-B1-B3-B5-B7-P16...
We would also like to assign QP values of 24 to referenced B coded frames, and 26 to non reference
frames. Also, although we will like to have 5 total references, only one reference should be used for list0
and listl for B slices. Note that the above structure looks as follows:
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Figure 1. 4 Level Hierarchical structure.

The above could be easily done using HierarchicalCoding mode 2 which automatically generates this
hierarchy. An alternative way would be to use HierarchicalCoding mode 3, and to appropriately set the
necessary params using the ExplicitHierarchyFormat parameter.

lencod.exe -p NumberReferenceFrames=5 -p NumberBFrames=7 \
-p HierarchicalCoding=2 -p QPBSlice=26 \
-p BRefPicQPOffset=-2 \
-p BListOReferences=1 -p BListlReferences=1

Example 2:

Lets assume that for the previous example we would prefer having only 3 levels, and that each level
follows a sequential coding order. More specifically we would like the coding order to be as 10-P8-Bs2-
Bs4-Bs6-B1-B3-B5-B7-P16... Note that this structure would now look as follows (i.e. we observe that
now references are differently organized than in the previous case):

Figure 2. 3 Level Hierarchical structure.

The above could be easily done using HierarchicalCoding mode 1 which automatically generates this
hierarchy. HierarchicalCoding mode 3 could also be used.
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lencod.exe -p NumberReferenceFrames=5 -p NumberBFrames=7 \
-p HierarchicalCoding=1 -p QPBSlice=26 \
-p BRefPicQPOffset=-2 \
-p BListOReferences=1 -p BListlReferences=1

4.8.5 ExplicitHierarchyFormat

Class: Text
Description: Parameter used with HierarchicalCoding==3 and specifies coding method (i.e. type,
guantizer, coding order etc) of a frame. Parameter also overwrites use of NumberBFrames

Syntax:
[TypeFrameO][OrderFrame0][ReferenceFrame0][QPFrame0][TypeFramel][OrderFramel][Referenc
eFramel][QPFramel]... [TypeFrameN][OrderFrameN] [ReferenceFrameN][QPFrameN]

Allowed entries:

[TypeFrameN] I/i (Intra coded frame)
P/p (P type coded frame)
B/b (B type coded frame)

0-FrameSkip (specifies display order of coded frame. No duplicates are
allowed)

[ReferenceFrameN] | R/r (Reference)
E/e (Non Reference/Disposable)

Frame QP Offset.Final QP depends on slice type as defined by the
QPNSlice parameters

[OrderFrameN]

[QPOffsetN]

Example 1:

We would like to encode video using 5 references and the following coding order 10-P8-Bs4-Bs2-B1-B3-
Bs6-B5-B7-P16... We would also like to assign QP values of 24 to referenced B coded frames, and 26 to
non reference frames.

lencod.exe -p NumberReferenceFrames=5 -p QPBSlice=24 \
-p HierarchicalCoding=3 \
-p ExplicitHierarchyFormat="B4r0B2r0Ble2B3e2B6r0B5e2B7e2”

Example 2:

In the previous example, we would like to replace Bs6 with a P coded frame, while B7 is coded in intra
mode with a QP of 22. The original QP for | and P slices was 24. Regardless of the slice type used, note
that frame 7 will still not be used as a reference.

lencod.exe -p NumberReferenceFrames=5 —-p HierarchicalCoding=3 \
-p QPISlice=24 -p QPPSlice=24 -p QPBSlice=24 \
-p ExplicitHierarchyFormat="B4r0B2r0B1e2B3e2P6r0B5e2I7e-2"

Example 3:
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We would like to encode a video sequence using a relatively similar coding structure as in example 1,
with the difference that we would like to code all non reference frames last, i.e. 10-P8-Bs4-Bs2-Bs6-B1-
B3 -B5-B7-P16... In this case we may use HierarchicalCoding=2 also which would create this structure
automatically.

lencod.exe -p NumberReferenceFrames=5 -p NumberBFrames=7 \
—p HierarchicalCoding=2

4.8.6 HierarchyLevelQPEnable

Class: Boolean
Description: Parameter, if enabled, adjusts QP values for hierarchical structures based on the current
level in increments of 1. Ignores the BRefPicQPOffset parameter. Default value is O (disabled).

4.8.7 ExplicitSeqCoding

Class: Boolean
Description: Encode video sequence using the Explicit Seq Coding metadata file provided by
ExplicitSeqFile. Default value is 0 (disabled).

Note: This option is still experimental.

4.8.8 ExplicitSeqFile

Class: Text
Description: Name of Explicit Seq Coding metadata file used when ExplicitSeqCoding is enabled.

4.8.9 ReferenceReorder

Class: Boolean

Description: Performs reference picture list reordering for P coded frames based on POC values. This
essentially places references according to temporal correlation instead of coding order. Default value is 0
(disabled).

Note: ReferenceReorder is not supported for interlace coding modes.

Example:

In example 1 of 4.8.5 the default coding order that will be used for coding frame 16 will be {Bs6, Bs2,
Bs4, P8, 10}. Nevertheless, temporally frame 8 is much closer to frame 16 and therefore this coding mode
may not be as efficient. Instead, we want to use reordering commands to consider references according to
their display order.

lencod.exe -p NumberReferenceFrames=5 -p FrameSkip=7 \
-p HierarchicalCoding=3 —-p ReferenceReorder=1 \
-p ExplicitHierarchyFormat="B4r24B2r24B1e26B3e26P6r24B5e2617€40"”

4.8.10 PocMemoryManagement

Class: Boolean

Description: Performs memory management control based on POC values. Basically allows better
memory management for “arbitrary” or hierarchical type coding methods if only a certain humber of
references are allowed due to level limitations. Parameter also recommended to be used with the
EnableOpenGop parameter. Default value is 0 (disabled)
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Note: PocMemoryManagement is not supported for interlace coding modes.

Example:

Lets assume that for the first example in 4.8.5, only a maximum of 4 references can be used.
Unfortunately this would result, according to the default memory management behavior, in frame 8 being
removed from the reference buffer immediately after adding frame 16, since this has the smallest
frame_num in the list. It would be preferable to remove frame 2 instead, since this frame would most
likely not be very useful for predicting any future frames.

lencod.exe -p NumberReferenceFrames=5 -p NumberBFrames=7 \
-p HierarchicalCoding=3 -p ReferenceReorder=1 \
-p PocMemoryManagement=1 \
-p ExplicitHierarchyFormat="B4r24B2r24Ble26B3e26P6r24B5e2617e40”

4.9 Error Resiliency and Slice control

4.9.1 SliceMode

Class: Numeric (Integer)
Description: Sets slice coding mode.

Options:

0 Disabled (default)

1 Fixed number of MBs per slice
2 Fixed number of Bytes per slice
3 Use Callback

4.9.2 SliceArgument

Class: Numeric (Integer)
Description: For SliceMode equal to 1: number of macroblocks per slice. For SliceMode equal to two:
number of bytes per slice. Default value is 0 (invalid).

4.9.3 num_slice_groups_minusl

Class: Numeric (Integer)
Description: Number of slice groups decremented by 1 (i.e.0 == one slice group, 1 == two slice groups,
etc.). Default value is 0.

4.9.4 slice_group_map_type

Class: Numeric (Integer)
Description: Specifies slice group map type if num_slice_groups_minusl is lager than 0 (sets the value
of the syntax element slice_group_map_type).

Options:

0 Interleave mode (default)
1 Dispersed Mode

2 Foreground with left-over
3 Box-out
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4 Raster Scan
5 Wipe
6 Explicit

Note:For slice_group_map_type equal to 0, 2 or 6, additional parameters are read from a file specified in
the SliceGroupConfigFileName parameter.
4.9.5 slice_group_change_direction_flag

Class: Numeric (Integer)
Description: Sets the value of the syntax element slice_group_change_direction_flag.

Options:
0 box-out clockwise, raster scan or wipe right (default)
1 box-out counter clockwise, reverse raster scan or wipe left

4.9.6 slice_group_change_rate_minusl

Class: Numeric (Integer)

Description: Sets the value of the syntax element slice_group_change_rate_minusl. Default value is 0.
4.9.7 SliceGroupConfigFileName

Class: Text
Description: Slice configuration file used for slice group map types 0, 2, and 6.

For slice_group_map_type equal to O the file consist of one run_length_minusl syntax elementvalue
per line. For slice_group_map_type equal to 2 the file contains in rows with odd line numbers the values
for top_left syntax elements and rows with even line numbers the values bottom_right syntax elements.
For slice_group_map_type equal to 6, each line contains a value of a slice_group_id syntax element.
4.9.8 UseRedundantPicture

Class: Boolean

Description: Enables the use of redundant pictures. Default value is O (disabled)

4.9.9 NumRedundantHierarchy

Class: Numeric (Integer)

Description: Hierarchy mode of redundant pictures. Allowed values are in the range of 0 to 4.

4.9.10 PrimaryGOPLength

Class: Numeric (Integer)
Description: GOP length for redundant allocation (1-16). NumberReferenceFrames must be no less than
PrimaryGOPLength when redundant slice is enabled.

4.9.11 NumRefPrimary

Class: Numeric (Integer)
Description: Actually used number of references for primary slices (1-16).

4.10 SP coding support

4.10.1 SPPicturePeriodicity
Class: Numeric (Integer)

H.264/14496-10 AVC Reference Software Manual Page 4-31



4. Encoder Parameters

Description: Sets period of SP coded frames compared to FramesToBeEncoded. 0: no SP used (default),
N>0: SP coded frames inserted every N frames.

Note: SP coding might be broken in current implementation

4.10.2 QPSPPicture

Class: Numeric (Integer)
Description: Quantization parameter of SP coded pictures for prediction Error (0-51). Default is 24.

4.10.3 QPSP2Picture

Class: Numeric (Integer)
Description: Quantization parameter of SP coded pictures for Predicted Blocks (0-51). Default is 24.

4.10.4 SI_Frames

Class: Boolean
Description: Eanbels SI frame encoding. Default value is 0 (disabled).

Note: Currently this parameters needs to be enabled if SP slices are to be generated.

4.10.5 SP_output

Class: Boolean

Description: Controls whether coefficients will be output to encode switching SP frames. Default value
is 0 (disabled).

4.10.6 SP_output_name

Class: Text

Description: Filename for SP coefficients output.

4.10.7 SP2_Frames

Class: Boolean
Description: Enables switching SP frame encoding. Default value is 0 (diabled).

4.10.8 SP2_input_namel

Class: Text
Description: Filename for the first switched bitstream coefficients

4.10.9 SP2_input_name2

Class: Text
Description: Filename for the second switched bitstream coefficients

4.11 Output Control/Entropy Coding, NALs

The following parameters control the entropy coding method that is to be used, and other output related
control options.
4.11.1 SymbolMode

Class: Numeric (Integer)
Description: Entropy Coding method.

Options:
0 | CAVLC (default)

H.264/14496-10 AVC Reference Software Manual Page 4-32



4. Encoder Parameters

1

| CABAC

4.11.2 ContextInitMethod

Class: Numeric (Integer)
Description: CABAC context initialization method

Options:
0 Fixed (default)
1 Adaptive

4.11.3 FixedModelNumber

Class: Numeric (Integer)
Description: CABAC initialization model number for fixed initialization (ContextInitMethod equal to 0).
Allowed model numbers are 0,1 and 2. Default value is 0.

4.11.4 OutFileMode

Class: Numeric (Integer)
Description: Output File mode.

Options:
0 Annex B Byte Stream format (default)
1 RTP packets

4.11.5 PartitionMode

Class: Numeric (Integer)
Description: Enables Data Partitioning.

Options:
0 No Data Partitioning (default)
1 Three partitions per slice

4.12 Interlace Format Handling

Options enable interlace coding modes such as field coding, Picture and Macroblock adaptive
Field/Frame coding etc.
4.12.1 Piclnterlace

Class: Numeric (Integer)
Description: Enables adaptive field/frame coding support at the frame level.

Options:

0 Use Frame picture coding mode only. Default.

1 Use field picture coding mode only
Use adaptive frame/field picture coding mode. Decision is based on lagrangian RDO

9 of t_he form J = Distortion + A x Rgte Where Distortion i_s the SSE distortion of th_e
entire reconstructed frame (or both fields), 4 is the lagrangian parameter, and Rate is
the allotted bits for coding the frame (or fields respectively).
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Note: Decision is suboptimal, but works well under certain conditions.

4.12.2 MBInterlace

Class: Numeric (Integer)
Description: Enables adaptive field/frame coding support at the macroblock level.

Options:

0 Use Frame coding mode only (mb_adaptive_frame_field_flag=0). Default.

1 Set mb_adaptive_frame_field _flag =1 but code all macroblocks in frame in field
mode. Mainly useful for testing purposes

5 Performs RD optimal decision between frame coded super macroblocks and field
coded supermacroblocks.

3 Like option 1, but all macroblocks coded as frame macroblocks. Mainly useful for
testing purposes

Note: Decision is suboptimal, but works well under certain conditions.

Example 1:
To encode a sequence using field/frame adaptive coding at both frame and macroblock level encoder
should be set as follows:

|lencod.exe —p PicInterlace=2 -p MBInterlace=2 |

Example 2:
Use only field/frame adaptive coding at the frame level:

|lencod.exe —-p PicInterlace=2 -p MBInterlace=0

4.12.3 IntraBottom

Class: Boolean
Description:Forces both fields of a complementary field pair to be coded using I slices at intra periods. If
disabled, the bottom field will be coded using P slices. Default value is 0 (disabled).

Note: Has only effect, if Piclnterlace is not equal to zero.
4.13  Non Normative Encoder Decisions

4.13.1 RDOptimization

Class: Numeric (Integer)
Description: Enable Lagrangian based Rate distortion optimized mode decision.

Options:

0 Enable Low Complexity mode (default)

1 Enable High Complexity mode

2 Enable Fast High Complexity mode (does not support FREXxt profiles)
3 RDO consideration with losses
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Note: According to common condition, option should be set to 1 when evaluating algorithmic
performance.

4.13.2 116RDOpt

Class: Boolean
Description: Enable high complexity rate distortion optimization for Intra 16x16 modes. Default value is
0 (disabled).

4.13.3 SubMBCodingState

Class: Integer

Description: Parameter provides performance/speed tradeoffs for submacroblock mode decision when
high complexity RDO is enabled. Essentially avoids storing/restoring state values resulting in somewhat
suboptimal RD decision.

Options:

0 Disable store/restore states for sub-macroblock mode decision (low complexity)
1 Reset coding state for every mode at the macroblock level (medium complexity)
2 Store/Reset coding state based on optimal decisions (high complexity/default)

4.13.4 ForceTrueRateRDO

Class: Integer
Description: Mode bias for skip or intra modes during high complexity mode decision. Can provide
benefits in some scenarios.

Options:

0 Penalize skip modes by 1 bit if mode cost is 0 (default)
1 No penalty

2 Penalize intra modes by 1 bit.

4.13.5 RDPictureDecision

Class: Boolean

Description: If parameter is enabled the same picture is coded in up to 3 different modes and the one
yielding the best Lagrangian cost is selected as the final coding mode for this picture. Default value is 0
(disabled).

Note: If GenerateMultiplePPS is enabled, then coding mode considers all different WP methods
supported by a slice. This includes normal, weights, offsets for P slices, and normal, implicit, and explicit
modes for B slices. If RDPicturelntra intra slices are also coded multiple times by considering different
Quantizers. If the GenerateMultiplePPS parameter is not set then all slice types are considered using 3
different Quantizers. Concept also can perform a “switch to I slice) decision for P slices if number of
Intra MBs in a P slice is too high, or consideration of different QPs if Weighted Prediction is not
recommended (i.e. weights are identical to default values). Currently tends to increase complexity
significantly but will be improved through the consideration of Fast Motion Estimation and decision
schemes.
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4.13.6 RDPSliceBTest

Class: Boolean

Description: Perform Slice level RD decision between P and B slices.

4.13.7 RDPictureMaxPasslSlice

Class: Numeric (Integer)

Description: Set maximum number of coding passes for | slices. The valid range for this parameter is
from 1 (default) through 3.

4.13.8 RDPictureMaxPassPSlice

Class: Numeric (Integer)

Description: Set the maximum number of coding passes for P slices. The valid range for this parameter is
from 1 through 6. The default value is 2.

4.13.9 RDPictureMaxPassBSlice

Class: Numeric (Integer)

Description: Set the maximum number of coding passes for B slices. The valid range for this parameter is
from 1 through 6. The default value is 3.

4.13.10 RDPictureFrameQPPSlice

Class: Boolean

Description: Perform an additional frame level QP check (QP+/-1) for P slices. The default value is 0
(disabled).

4.13.11 RDPictureFrameQPBSlice

Class: Boolean

Description: Perform an additional frame level QP check (QP+/-1) for B slices. , The default value is 0
(disabled).

4.13.12 RDPictureDeblocking

Class: Boolean

Description: Perform another coding pass to check deblocking performance, The default value is 0
(disabled).

4.13.13 RDPictureDirectMode

Class: Boolean
Description: Perform another coding pass for B slices that compares performance of the two direct
modes. The default value is 0 (disabled).

4.13.14 DistortionSSIM

Class: Boolean

Description: Enable SSIM distortion computation for video analysis. Default value is 0 (disabled).
4.13.15 DistortionSSIM

Class: Boolean

Description: Enable SSIM distortion computation for video analysis. Default value is 0 (disabled).
4.13.16 DistortionYUVtoRGB

Class: Boolean
Description: Compute Distortion in both YUV and RGB color spaces. Default value is 0 (disabled).
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4.13.17 RDPicturelntra

Class: Boolean
Description: Enables RDPictureDecision for Intra slices based on different Quantizers. Default value is 0
(disabled).

4.13.18 RDPSliceWeightOnly

Class: Numeric Boolean
Description: Performs RD Picture Decision for P slices only if explicit weights are available, or if
number of Intra macroblocks is high. Default value is 1 (enabled).

4.13.19 RDBSliceWeightOnly

Class: Boolean

Description: Skips RD Picture Decision for B slices for explicit weighted prediction if explicit weights
are not available without testing an alternative QP. Otherwise (if flag 0 and explicit WP is not available)
a QP + 1 for non reference B, and QP — 1 for reference B will be tested as well. Default value is 0
(disabled).

4.14 Lambda parameters for Lagrangian based optimization

4.14.1 CtxAdptLagrangeMult

Class: Boolean
Description: Flag enabled the Context Adaptive Lagrange Multiplier technique. Technique works best
for RDOptimization set to 0. Default value is 0 (disabled).

4.14.2 UseExplicitLambdaParams

Class: Numeric (Integer)
Description: Enables the user to explicitly set the Lagrangian parameters, instead of using the equation
based approach within the reference software. Default value is 0 (disabled).

Options:

0 Default (disabled)

1 Use multiplier based lambda computation (i.e. A = LambdaWeight x 2@ 27)
2 Use constant lambda values (i.e. A = FixedLambda)

4.14.3 UpdateLambdaChromaME

Class: Boolean
Description: Update Lambda for motion estimation to account for chroma consideration during this
process. Default value is 0 (disabled).

4.14.4 FixedLambdalslice

Class: Numeric (Double)
Description: Sets value of constant Lagrangian multiplier for | slices if UseExplicitLambdaParams is set
to 2. Default value is 0.10.

4145 FixedLambdaPslice

Class: Numeric (Double)
Description: Sets value of constant Lagrangian multiplier for P slices if UseExplicitLambdaParams is set
to 2. Default value is 0.10.
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4.14.6 FixedLambdaBslice

Class: Numeric (Double)
Description: Sets value of constant Lagrangian multiplier for B slices if UseExplicitLambdaParams is set
to 2. Default value is 0.10.

4.14.7 FixedLambdaRefBslice

Class: Numeric (Double)
Description: Sets value of constant Lagrangian multiplier for reference B slices if
UseExplicitLambdaParams is set to 2. Default value is 0.10.

4148 FixedLambdaSPslice

Class: Numeric (Double)
Description: Sets value of constant Lagrangian multiplier for SP slices if UseExplicitLambdaParams is
set to 2. Default value is 0.10.

4.14.9 FixedLambdaSIslice

Class: Numeric (Double)
Description: Sets value of constant Lagrangian multiplier for Sl slices if UseExplicitLambdaParams is
set to 2. Default value is 0.10.

4.14.10 LambdaWeightlslice

Class: Numeric (Double)
Description: Sets value of Lagrangian multiplier for | slices if UseExplicitLambdaParams is set to 1.
Default value is 0.65

4.14.11 LambdaWeightPslice

Class: Numeric (Double)
Description: Sets value of Lagrangian multiplier for P slices if UseExplicitLambdaParams is set to 1.
Default value is 0.68.

4.14.12 LambdaWeightBslice

Class: Numeric (Double)
Description: Sets value of Lagrangian multiplier for B slices if UseExplicitLambdaParams is set to 1.
Default value is 2.00.

4.14.13 LambdaWeightRefBslice

Class: Numeric (Double)
Description: Sets value of Lagrangian multiplier for referenced B slices if UseExplicitLambdaParams is
set to 1. Default value is 1.50.

4.14.14 LLambdaWeightSPslice

Class: Numeric (Double)
Description: Sets value of Lagrangian multiplier for SP slices if UseExplicitLambdaParams is set to 1.
Default value is 1.50.

4.14.15 LambdaWeightSlslice

Class: Numeric (Double)
Description: Sets value of Lagrangian multiplier for Sl slices if UseExplicitLambdaParams is set to 1.
Default value is 1.50.
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4.14.16 OffsetMatrixPresentFlag

Class: Boolean
Description: Enable explicit Quantization offset support. Default value is 0 (disabled).

4.14.17 QOffsetMatrixFile

Class: Text
Description: File specifying the values of the explicit quantization offset matrices.

Example: Specify specific Q offset matrices for all blocks from file q_offset_matrix.cfg

lencod.exe -p OffsetMatrixPresentFlag=1l \
-p QO0ffsetNatrixFile="q offset matrix.cfg"

4.14.18 AdaptiveRounding

Class: Boolean

Description: Enables adaptive rounding based on JVT_NO011. Default value is 0 (disabled).
4.14.19 AdaptRoundingFixed

Class: Numeric (Integer)
Description: Consider adaptive rounding separately for different quantization parameters.

Options:

0 Separate QPs

1 Joint (default)
4.14.20 AdaptRndPeriod

Class: Numeric (Integer)
Description: Sets the macroblock period of when to use updated rounding parameters. Default value is
16. In JVT_NO011 a value of 1 was used.

4.14.21 AdaptRndChroma

Class: Numeric (Integer)
Description: Performs adaptive rounding for chroma. If disabled, only luma is considered. Default value
is 0 (disabled).

4.14.22 AdaptRndWFactorIRef

Class: Numeric (Integer)
Description: Adaptive Rounding Weighting factor for luma in | and Sl slices belonging to a reference
picture (divided by 4096). Default value is 4.

4.14.23 AdaptRndWFactorPRef

Class: Numeric (Integer)
Description: Adaptive Rounding Weighting factor for luma in P and SP slices belonging to a reference
picture (divided by 4096). Default value is 4.

4.14.24 AdaptRndWFactorBRef

Class: Numeric (Integer)
Description: Adaptive Rounding Weighting factor for luma in B slices belonging to a reference picture
(divided by 4096). Default value is 4.
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4.14.25 AdaptRndWFactorINRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for luma in | and Sl slices belonging to a non-
reference picture (divided by 4096). Default value is 4.

4.14.26 AdaptRndWFactorPNRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for luma in P and SP slices belonging to a non-
reference picture (divided by 4096). Default value is 4.

4.14.27 AdaptRndWFactorBNRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for luma in B slices belonging to a non-reference
picture (divided by 4096). Default value is 4.

4.14.28 AdaptRndCrWFactorIRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for chroma in | and Sl slices belonging to a reference
picture (divided by 4096). Default value is 4.

4.14.29 AdaptRndCrWFactorPRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for chroma in P and SP slices belonging to a reference
picture (divided by 4096). Default value is 4.

4.14.30 AdaptRndCrWFactorBRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for chroma in B slices belonging to a reference picture
(divided by 4096). Default value is 4.

4.14.31 AdaptRndCrWFactorINRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for chroma in | and Sl slices belonging to a non-
reference picture (divided by 4096). Default value is 4.

4.14.32 AdaptRndCrWFactorPNRef

Class: Numeric (Integer)

Description: Adaptive Rounding Weighting factor for chroma in P and SP slices belonging to a non-
reference picture (divided by 4096). Default value is 4.

4.14.33 AdaptRndCrWFactorBNRef

Class: Numeric (Integer)
Description: Adaptive Rounding Weighting factor for chroma in B slices belonging to a non-reference
picture (divided by 4096). Default value is 4.

4.15 Error Resilient Optimized Rate Distortion Optimization

4.15.1 LossRateA
Class: Numeric (Integer)
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Description: Expected packet loss rate of the channel for the first partition. Only valid if RDOptimization
is set equal to 3. Default value is 0.
4.15.2 LossRateB

Class: Numeric (Integer)
Description: Expected packet loss rate of the channel for the second partition. Only valid if
RDOptimization is set equal to 3. Default value is 0.

4.15.3 LossRateC

Class: Numeric (Integer)
Description: Expected packet loss rate of the channel for the third partition. Only valid if
RDOptimization is set equal to 3. Default value is 0.

4.15.4 NumberOfDecoders

Class: Numeric (Integer)
Description: Numbers of decoders used to simulate the channel. Only valid if RDOptimization is set
equal to 3. Default value is 0.

4.15.5 RestrictRefFrames

Class: Boolean
Description: Does not allow reference to areas that have been intra updated in a later frame. Default
value is 0 (disabled).

4.15.6 RestrictSearchRange

Class: Numeric (Integer)
Description: Reduces Search range for motion estimation based on references and/or block types.

Options:

0 Based on Block Type and Reference (default).

1 Based on reference (i.e. divide by (1<<reference_index))
2 No restrictions (should be used for common conditions)

4.15.7 DisableThresholding

Class: Boolean
Description: Disable Thresholding of Transform Coefficients. Default value is 0 (enabled).

Note: Thresholding is usually more appropriate for low to medium bitrates, while this could result in loss
of details under certain situations.

4.15.8 BiasSkipRDO

Class: Boolean
Description: Force a negative bias for skip/direct modes during the mode decision process. Default value
is 0 (disabled)

4.15.9 ForceTrueRateRDO

Class: Numeric (Integer)
Description: Affects the consideration of the bitrate during the rate distortion optimized mode decision
process.
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Options:

0 Bound rate to a minimum of ¥ bit. Essentially affects skip/direct modes.
1 Consider true rate during the mode decision process (unbiased)

2 Negatively bias intra modes

4.15.10 DisableBSkipRDO

Class: Boolean
Description: Disable B Skip Mode consideration from the RDO based mode decision. Default value is 0

(enabled)
4.15.11 SkipIntralninterSlices

Class: Numeric (Integer)
Description: Avoids testing Intra modes in Inter slices if best mode is P_SKIP or B_SKIP. Default value
is O (disabled)

4.15.12 SearchMode

Class: Numeric (Integer)
Description: Enables Usage of Fast Motion Estimation..

Options:

-1 Full Search

0 Fast Full Search (default)

1 Uneven Multi-Hexagon Search (UMHex)
2 Simplified Hexagon Search

3 Enhanced Predictive Zonal Search (EPZS)

Note: Currently common conditions specify that Fast Full Search should be used. Options 1 and 2 are
joint integer and fractional ME implementations. EPZS, on the other hand, can operate simultaneously on
both integer and fractional positions if desired.

4.16 EPZS Options

EPZS is a very generic FME scheme which can achieve very high performance. For educational purposes
but to also allow a user to refine the algorithm based on the target application additional parameters have
been added to control the behavior of this scheme. The scheme could be further extended as is described
in the original contribution as to support more patterns and additional adaptation. EPZS currently

4.16.1 EPZSPattern

Class: Numeric (Integer)
Description: Specifies primary refinement pattern for EPZS (around best predictor)

Options:

0 Diamond

1 Square

2 Extended Diamond (default)
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3 Large Diamond
4 Subpixel Diamond
5 PMVFAST (switching large/small diamond)

4.16.2 EPZSDualRefinement

Class: Numeric (Integer)
Description: Specifies usage of Dual Refinement around second best predictor

Options:

Disabled

Diamond

Square

Extended Diamond (default)

Large Diamond

Subpixel Diamond

6 PMVFAST (switching large/small diamond)

4.16.3 EPZSFixedPredictors

Class: Numeric (Integer)
Description: Specifies usage Window based predictors that can improve performance for encodings
requiring large search windows.

OB WIN|[FL|O

Options:

0 Disabled

1 P only

2 P and B (default)

4.16.4 EPZSTemporal

Class: Boolean
Description: Enables usage of Temporal Predictors through the consideration of co-located partitions (i.e.
similar to temporal direct). Default value is 1 (enabled).

4.16.5 EPZSSpatialMem

Class: Boolean

Description: Enables usage of Spatial Predictors through the consideration of all block type MVs from
surrounding MBs. Implementation is optimized as to require only a single row of MB Motion Vectors.
Default value is 1 (enabled).

4.16.6 EPZSMinThresScale

Class: Numeric (Integer)
Description: Lower limit for threshold used for early termination. Value depends on block type and is
essentially multiplied with the base value MinBaseT in Table 1. Default value is 0.

4.16.7 EPZSMedThresScale

Class: Numeric (Integer)
Description: Control multiplier parameter for the Median threshold. Value depends on block type and is
essentially multiplied with the base value MedBaseT in Table 1. Default value is 1.
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4.16.8 EPZSMaxThresScale

Class: Numeric (Integer)
Description: Upper limit for threshold used for early termination. Value depends on block type and is
essentially multiplied with the base value MaxBaseT in Table 1. Default value is 1.

Blocktype 16x16 16x8 8x16 8x8 8x4 4x8 4x4
MinBaseT 64 32 32 16 8 8 4

MedBaseT 256 128 128 64 32 32 16
MaxBaseT 768 384 384 192 96 96 48

Table 1. EPZS threshold control multipliers

4.16.9 EPZSSubPelME

Class: Boolean

Description: EPZS Subpel ME consideration for single prediction motion estimation. Default value is 1
(enabled).

4.16.10 EPZSSubPelMEBipred

Class: Boolean

Description: EPZS Subpel ME consideration for Bi-predictive motion estimation. Default value is 1
(enabled).

4.16.11 EPZSSubPelThresScale

Class: Numeric (Integer)

Description: EPZS Subpel ME threshold scaler. Default value is 2.

4.16.12 EPZSSubPelGrid

Class: Numeric (Integer)
Description: Perform EPZS Motion estimation using a combined integer/subpel grid. Default value is 0
(disabled).

4.17 UMHex Options

Recently, two new parameters were added to UMHex to improve its performance mainly in terms of
speed. These options could probably be used with any other ME scheme as well.

4.17.1 UMHexDSR

Class: Boolean
Description: Use an adaptive method to predict the maximum search range. Default value is 1 (enabled).

4.17.2 UMHexScale

Class: Numeric (Integer)
Description: Distortion based Threshold Scaling factor relevant to picture size. Selecting a larger value
should increase speed somewhat for larger resolutions. 0:Disabled. Default value is 3.

418 EarlySkipEnable

Class: Boolean
Description: Early skip mode detection when RDOptimization is set to 2. Default value is 0 disabled).

Note: Common conditions specify that High complexity RDO mode should be used
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4.19 SelectivelntraEnable

Class: Boolean
Description: Enables Selective Intra mode decision when RDOptimization is set to 2. Default value is 0
(disabled).

Note: Common conditions specify that High complexity RDO mode should be used

4.20 Rate Control & HRD support
Parameters for rate control support.

4.20.1 RateControlEnable

Class: Boolean
Description: Enable simple Rate Control support. Default value is 0 (disabled).

Example: Encode a sequence at 100kbps, with an initial QP of 32, while performing adaptation at the
frame level.

lencod.exe -p RateControlEnable=1 -p Bitrate=100000 \
-p InitialQP=32 -p BasicUnit=99

Note: Existing algorithms should be used as a reference only.

4.20.2 RCUpdateMode

Class: Numeric (Integer)
Description: Specifies the Rate Control algorithm used, when RateControlEnable is enabled.

Options:

0 Original quadratic rate control scheme based on JVT-G012r1 (default)

1 Extension of quadratic scheme for all Intra and IBsBsBs... coding.

9 Basic extension of quadratic scheme to better support hierarchical coding
structures

3 Extension of quadratic scheme with slice type separation

4.20.3 Bitrate

Class: Numeric (Integer)

Description: Set target bitrate in bits per second for HRD conforming Rate Control. Default value is 0.
4.20.4 InitialQP

Class: Numeric (Integer)

Description: Set the initial quantization parameter for the HRD conforming Rate Control. Parameter
should be selected based on bitrate goal, GOP length/type, and image spatiotemporal characteristics. If
0, the encoder tries to automatically select the best quantizer for the first picture. Default value is 0.

4.20.5 BasicUnit
Class: Numeric (Integer)

H.264/14496-10 AVC Reference Software Manual Page 4-45



4. Encoder Parameters

Description: Number of Macroblocks in rate control basic unit. Value needs to be a factor of the total
number of MBs in a frame. If 0, then Basic Unit is equal to the number of macroblocks in a slice. Default
value is 0.

4.20.6 ChannelType

Class: Numeric (Integer)
Description: Type of Channel.

Options:
0 Constant channel (default)
1 Time varying channel

4.20.7 NumberofLeakyBuckets

Class: Numeric (Integer)

Description: Number of Leaky Bucket values. Default value is 2.

4.20.8 LeakyBucketRateFile

Class: Text

Description: File from which encoder derives rate values.

4.20.9 LeakyBucketParamFile

Class: Text

Description: File where encoder stores leakybucketparams.

4.20.10 RCISliceBitRatio

Class: Numeric (Double)

Description: Sets the bitrate target ratio between | and P coded slices when RCUpdateMode is set to 3.
Default value is 1.00.

4.20.11 RCBSliceBitRatio0

Class: Numeric (Double)

Description: Sets the bitrate target ratio between B and P coded slices for hierarchical level 0 when
RCUpdateMode is set to 3. Default value is 0.5.

4.20.12 RCBSliceBitRatiol

Class: Numeric (Double)

Description: Sets the bitrate target ratio between B and P coded slices for hierarchical level 1 when
RCUpdateMode is set to 3. Default value is 0.25.

4.20.13 RCBSliceBitRatio2

Class: Numeric (Double)

Description: Sets the bitrate target ratio between B and P coded slices for hierarchical level 2 when
RCUpdateMode is set to 3. Default value is 0.25.

4.20.14 RCBSliceBitRatio3

Class: Numeric (Double)
Description: Sets the bitrate target ratio between B and P coded slices for hierarchical level 3 when
RCUpdateMode is set to 3. Default value is 0.25.

4.20.15 RCBSliceBitRatio4
Class: Numeric (Double)
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Description: Sets the bitrate target ratio between B and P coded slices for hierarchical level 4 when
RCUpdateMode is set to 3. Default value is 0.25.

4.20.16 RCloverPRatio

Class: Numeric (Double)

Description: Sets the “predicted” bit ratio relationship/complexity between I and P coded slices given the
same QP. Used only when RCUpdateMode is set to 3. Default value is 3.8.

4.20.17 RCBoverPRatio

Class: Numeric (Double)

Description: Sets the “predicted” bit ratio relationship/complexity between | and P coded slices given the
same QP. Used only when RCUpdateMode is set to 3. Default value is 0.45.

4.20.18 RCMIinQPPSlice

Class: Numeric (Integer)

Description: Sets the minimum allowable P slice QP value for the rate control. Default value is 0.
4.20.19 RCMaxQPPSlice

Class: Numeric (Integer)

Description: Sets the maximum allowable P slice QP value for the rate control. Default value is 51.
4.20.20 RCMinQPISlice

Class: Numeric (Integer)

Description: Sets the minimum allowable | slice QP value for the rate control. Default value is 0.
4.20.21 RCMaxQPISlice

Class: Numeric (Integer)

Description: Sets the maximum allowable I slice QP value for the rate control. Default value is 51.
4.20.22 RCMinQPBSlice

Class: Numeric (Integer)

Description: Sets the minimum allowable B slice QP value for the rate control. Default value is 0.
4.20.23 RCMaxQPBSilice

Class: Numeric (Integer)

Description: Sets the maximum allowable B slice QP value for the rate control. Default value is 51.
4.20.24 RCMinQPSPSlice

Class: Numeric (Integer)

Description: Sets the minimum allowable SP slice QP value for the rate control. Default value is 0.
4.20.25 RCMaxQPSPSlice

Class: Numeric (Integer)

Description: Sets the maximum allowable SP slice QP value for the rate control. Default value is 51.
4.20.26 RCMinQPSISlice

Class: Numeric (Integer)

Description: Sets the minimum allowable Sl slice QP value for the rate control. Default value is 0.
4.20.27 RCMaxQPsSISlice

Class: Numeric (Integer)
Description: Sets the maximum allowable Sl slice QP value for the rate control. Default value is 51.
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4.21 Rate Distortion Optimized Quantization Parametetrs

4.21.1 UseRDOQuant

Class: Boolean

Description: Enable Rate Distortion Optimized Quantization. Default value is 0 (disabled).

4.21.2 RDOQ_DC

Class: Boolean

Description: Enable Rate Distortion Optimized Quantization for DC components. Default value is 0
(disabled).

4.21.3 RDOQ_CR

Class: Boolean

Description: Enable Rate Distortion Optimized Quantization for Chroma components. Default value is 0
(disabled).

4.21.4 RDOQ_DC_CR

Class: Boolean

Description: Enable Rate Distortion Optimized Quantization for Chroma DC components Default value
is 0 (disabled).

4.21.5 RDOQ_QP_Num

Class: Numeric (Integer)

Description: Number of QP values tested in RDO_Q (I/P/B slice). Allowable values are from 1 (default)
to 9.

4.21.6 RDOQ_CP_Mode

Class: Boolean

Description: Fast mode decision for RDOQ by copying the mode of the first QP tested for all other QP
values. Default value is 0 (disabled).

4.21.7 RDOQ_CP_MV

Class: Boolean

Description: Fast motion estimation for RDOQ by copying the best motion vectors for each mode of the
first QP tested for all other QP values. Default value is 0 (disabled).

4.21.8 RDOQ_Fast

Class: Boolean
Description: Fast RDOQ decision method for multiple QPs based on CBP behavior.

4.22 SEI Parameters

4.22.1 GenerateSEIMessage

Class: Boolean
Description: Adds data unregistered SEI message (payload type 5) in the video. Default value is 0
(disabled).

4.22.2 SEIMessageText

Class: Text
Description: Text message added as unregistered SEI.
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4.22.3 ToneMappingSEIPresentFlag

Class: Boolean

Description: Enable Tone mapping SEI. Default value is O (disabled).

4.22.4 ToneMappingFile

Class: Text

Description: Tone mapping parameter file.

4.22.5 SEIFPAType
Class: Numeric (Integer)

Description: Set frame_packing_arrangement_type in FPA SEI messages.

Options:

-1

Do nothing (default)

checkerboard

columns alternate

lines alternate

side by side

top and bottom

frame alternate

2D

~N|ojalbh|WIN|IFL|O

tile

4.23 VUI Parameters

VUI Parameters specify directly the values of the corresponding VUI syntax elements.

4.23.1 VUI_aspect_ratio_info_present_flag

Class: Boolean

Description: If enabled specifies that aspect_ratio_idc is present. Default value is 0 (disabled).

4.23.2 VUI_aspect_ratio_idc

Class: Numeric (Integer)
Description: Specifies the value of the sample aspect ratio of the luma samples Default value is 0

(unspecified). See Annex E, Table E-1 of the AVC text for more info.

Options:

Unspecified

1:1 (“square”)

12:11

10:11

16:11

40:33

24:11

N |W|IN|FL|O

20:11
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8 32:11

9 80:33

10 18:11

11 15:11

12 64:33

13 160:99
14 4:3

15 3:2

16 2:1
17..254 Reserved
255 Extended_SAR

4.23.3 VUI_sar_width

Class: Numeric (Integer)
Description: indicates the horizontal size of the sample aspect ratio (in arbitrary units).

4.23.4 VUI_sar_height

Class: Numeric (Integer)
Description: indicates the vertical size of the sample aspect ratio (in the same arbitrary units as
VUI_sar_width).

4.23.5 VUI_overscan_info_present_flag

Class: Numeric (Integer)
Description: If equal to 1, it specifies that the overscan_appropriate_flag is present. Default is 0 (not
present).

4.23.6 VUI_overscan_appropriate_flag

Class: Numeric (Integer)

Description: If equal to 1, this flag indicates that the cropped decoded pictures output are suitable for
display using overscan. If equal to O, it indicates that the cropped decoded pictures output contain
visually important information in the entire region out to the edges of the cropping rectangle of the
picture, such that the cropped decoded pictures output should not be displayed using overscan. Instead,
they should be displayed using either an exact match between the display area and the cropping
rectangle, or using underscan.

4.23.7 VUI _video_signal_type_present_flag

Class: Numeric (Integer)
Description: If equal to 1, this flag specifies that the video_format, video_full_range flag and
colour_description_present_flag flags are present. Default is 0 (not present).

4.23.8 VUI_video_format

Class: Numeric (Integer)
Description: This parameter indicates the video format of the pictures. When this flag is not present then
the format is inferred as 5 (unspecified). Default is O.

Options:
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Component

PAL

NTSC

SECAM

MAC

Unspecified video format
Reserved

7 Reserved

4.23.9 VUI _video_full_range_flag

Class: Numeric (Integer)
Description: This parameter indicates the black level and range of the luma and chroma signals. When
not present, the value shall be inferred to be equal to 0 (default).

OO~ lWIN|FL|O

4.23.10 VUI_colour_description_present_flag

Class: Numeric (Integer)

Description: When equal tol, it specifies that colour _primaries, transfer characteristics and
matrix_coefficients are present. When, equal to O (default), it specifies that colour_primaries,
transfer_characteristics and matrix_coefficients are not present.

4.23.11 VUI _colour_primaries

Class: Numeric (Integer)

Description: This parameter indicates the chromaticity coordinates of the source primaries.

When this flag is not present, its value shall be inferred to be equal to 2 (the chromaticity is unspecified
or is determined by the application). Default is 2.

4.23.12 VUI_transfer_characteristics

Class: Numeric (Integer)

Description: This parameter indicates the opto-electronic transfer characteristic of the source picture.
When this syntax element is not present, its the value shall be inferred to be equal to 2 (the transfer
characteristics are unspecified or are determined by the application). Default is 2.

4.23.13 VUI_matrix_coefficients

Class: Numeric (Integer)

Description: This parameter describes the matrix coefficients used in deriving luma and chroma signals
from the green, blue, and red primaries. When this syntax element is not present, its value shall be
inferred to be equal to 2 (default).

4.23.14 VUI_chroma_loc_info_present_flag

Class: Numeric (Integer)

Description: If flag is set tol, it specifies that chroma_sample_loc_type top_field and
chroma_sample_loc_type_bottom_field are present. If set equal to O (default), it specifies that these
parameters are not present.

4.23.15 VUI_chroma_sample_loc_type_top_field

Class: Numeric (Integer)
Description: This parameter specifies the location of chroma samples for the top field. If not present, the
value is inferred to be equal to 0.
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4.23.16 VUI_chroma_sample_loc_type bottom_field

Class: Numeric (Integer)
Description: This parameter specifies the location of chroma samples for the bottom field. If not present,
the value is inferred to be equal to 0.

4.23.17 VUI_timing_info_present_flag

Class: Numeric (Integer)
Description: If this flag is set equal to 1, it specifies that parameters num_units_in_tick, time_scale and
fixed_frame_rate_flag are present in the bitstream. If O (default) the above parameters are not present.

4.23.18 VUI_num_units_in_tick

Class: Numeric (Integer)
Description: This parameter is the number of time units of a clock operating at the frequency time_scale
Hz that corresponds to one increment of a clock tick counter. The default value is 1000.

4.23.19 VUI _time_scale

Class: Numeric (Integer)
Description: This parameter is the number of time units that pass in one second. The default value is
60000.

4.23.20 VUI_fixed_frame_rate flag

Class: Numeric (Integer)

Description: If set to 1, this flag indicates that the temporal distance between the HRD output times of
any two consecutive pictures in output order is constrained according to Annex E. Default is O (disabled).
Note: This flag has currently no real impact within the encoder and its presence may not indicate that the
proper constraints are imposed.

4.23.21 VUI_nal_hrd_parameters_present_flag

Class: Numeric (Integer)
Description: If set to 1, this flag specifies that NAL HRD parameters (pertaining to Type Il bitstream
conformance) are present. Default is 0 (not present).

4.23.22 VUI_nal_vcl_parameters_present_flag

Class: Numeric (Integer)
Description: If set to 1, this flag specifies that VCL HRD parameters (pertaining to all bitstream
conformance) are present. Default is O (not present).

4.23.23 VUI_low_delay_hrd_flag

Class: Numeric (Integer)
Description: This flag specifies the HRD operational mode as specified in Annex C of the text. When
VUI_fixed_frame_rate_flag is equal to 1, this flag shall be equal to 0.

4.23.24 VUI _pic_struct_present_flag

Class: Numeric (Integer)

Description: If this flag is equal to 1, it specifies that picture timing SEI messages are present that include
the pic_struct syntax element. Default is 0 (not present).

Note: This flag has currently no real impact within the encoder and its presence may not indicate that the
proper constraints are imposed.

4.23.25 VUI_bitstream_restriction_flag
Class: Numeric (Integer)
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Description: If this flag is equal to 1, it specifies that several sequence bitstream restriction parameters
are present within the bitstream. Default is 0 (not present).

Note: This flag has currently no real impact within the encoder and its presence may not indicate that the
proper constraints are imposed.

4.23.26 VUI_motion_vectors_over_pic_boundaries_flag

Class: Numeric (Integer)

Description: If this flag is equal to 0, it indicates that no sample outside the picture boundaries and no
sample at a fractional sample position whose value is derived using one or more samples outside the
picture boundaries is used to inter predict any sample. If equal to 1, it then indicates that one or more
samples outside picture boundaries may be used in inter prediction. When not present, its value is
inferred to be equal to 1 (default).

4.23.27 VUI_max_bytes_per_pic_denom

Class: Numeric (Integer)

Description: This parameter indicates a number of bytes not exceeded by the sum of the sizes of the VCL
NAL units associated with any coded picture in the sequence. When not present, its value is inferred to
be equal to 2 (default).

4.23.28 VUI_max_bits_per_mb_denom

Class: Numeric (Integer)

Description: This parameter indicates the maximum number of coded bits of macroblock_layer() data
for any macroblock in any picture of the sequence. The value of max_bits_per_mb_denom shall be in the
range of 0 to 16, inclusive. When this parameter is not present, its value is inferred to be equal to 1.

4.23.29 VUI _log2_max_mv_length_horizontal

Class: Numeric (Integer)

Description: This parameter indicates the maximum absolute value of a decoded horizontal motion
vector component, respectively, in ¥ luma sample units, for all pictures in the sequence. When not
present, its value is inferred to be equal to 16.

4.23.30 VUI _log2_max_mv_length_vertical

Class: Numeric (Integer)

Description: This parameter indicates the maximum absolute value of a decoded vertical motion vector
component, respectively, in ¥ luma sample units, for all pictures in the sequence. When not present, its
value is inferred to be equal to 16.

4.23.31 VUI_num_reorder_frames

Class: Numeric (Integer)

Description: This parameter indicates the maximum number of frames, complementary field pairs, or
non-paired fields that precede any frame, complementary field pair, or non-paired field in the sequence in
decoding order and follow it in output order. When this flag is not present, its valueis inferred to be equal
to max_dec_frame_buffering.

4.23.32 VUI_max_dec_frame_buffering

Class: Numeric (Integer)

Description: This parameter specifies the required size of the HRD decoded picture buffer (DPB) in units
of frame buffers. When this parameter is not present, its value is inferred to be equal to MaxDpbSize (see
AVC text).
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4.24  Other settings

4.24.1 NumFramesInELayerSubSeq

Class: Numeric (Integer)
Description: Number of frames in the Enhanced Scalability Layer. 0 (default) means that no
Enhancement Layer is used.

4.24.2 SparePictureOption

Class: Numeric (Integer)
Description: Creation of spare reference pictures

Options:
0 No spare picture info (default)
1 Spare picture available

4.24.3 SparePictureDetectionThr

Class: Numeric (Integer)

Description: Threshold for spare reference pictures detection. Default value is 0.
4.24.4 SparePicturePercentageThr

Class: Numeric (Integer)
Description: Threshold for the spare macroblock percentage. Default value is 0.

4.25 FREXxt profile parameters

In this section all FRExt specific parameters are described, including scaling matrices, 8x8 transform
usage, lossless coding etc.

4.25.1 Transform8x8Mode

Class: Numeric (Integer)
Description: Enables 8x8 Transforms

Options:

0 Disabled. Only 4x4 transforms are used (default).

1 Allovv_s the a_dditional use of 8x8 transform. Results in optimal RD performance
since it considers all possible modes

2 Consider only 8x8 transform modes (i.e. disables 4x4 transform)

4.25.2 SeparateColourPlane

Class: Boolean

Description: Enables use of separate colour plane coding. Default value is 0 (disabled)
4.25.3 ScalingMatrixPresentFlag

Class: Numeric (Integer)
Description: Enable Quantization matrix support.

Options:
0 ‘ Not Present — Disabled (Default)
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1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS
4.25.4 QmatrixFile
Class: Text

Description: File specifying the values of the quantization scaling matrices. Used only if values are
explicitly transmitted either at the SPS or PPS level. Otherwise default values are used.

Example: Specify specific Qmatrix for intradx4 luma blocks. Use default for all other modes.

lencod.exe -p ScalingMatrixPresentFlag=l-p QOmatrixFile="qg matrix.cfg" \
-p ScalingListPresentFlag0=1

4.25.5 ScalingListPresentFlag0

Class: Numeric (Integer)
Description: Select scaling matrix for Intra4x4 Luma Component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not O
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.6 ScalingListPresentFlagl

Class: Numeric (Integer)
Description: Select scaling matrix for Intra4x4 Chroma U component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not O
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.7 ScalingListPresentFlag2

Class: Numeric (Integer)
Description: Select scaling matrix for Intra4x4 Chroma V component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not 0
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.8 ScalingListPresentFlag3
Class: Numeric (Integer)
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Description: Select scaling matrix for Inter4x4 Luma component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not 0
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.9 ScalingListPresentFlag4

Class: Numeric (Integer)
Description: Select scaling matrix for Inter4x4 Chroma U component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not O
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.10 ScalingListPresentFlag5

Class: Numeric (Integer)
Description: Select scaling matrix for Intrerdx4 Chroma V component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not O
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.11 ScalingListPresentFlag6

Class: Numeric (Integer)
Description: Select scaling matrix for Intra8x8 Luma component

Options:

0 Not Present - Use default values if ScalingMatrixPresentFlag is not O
1 Present only in SPS

2 Present only in PPS

3 Present in both SPS and PPS

4.25.12 ScalingListPresentFlag7

Class: Numeric (Integer)
Description: Select scaling matrix for Inter8x8 Luma component

Options:

0

‘ Not Present - Use default values if ScalingMatrixPresentFlag is not O
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1 Present only in SPS
Present only in PPS
3 Present in both SPS and PPS

4.25.13 LosslessCoding
Class: Boolean
Description: Enable lossless coding when gpprime_y is zero. Default value is 0 (disabled).

Note: Better explanation is needed for this parameter
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5. HARDCODED ENCODER PARAMETERS

Although encoder behavior is mainly controlled through the parameters provided in section 4, additional
hardcoded parameters within the reference software could also modify its behavior. This includes the
generation of tracing and output information, and algorithmic considerations.

5.1 defines.h

DUMP_DPB
GET_METIME
IMGTYPE

ENABLE_FIELD_CTX

ENABLE_HIGH444 _CTX
DEBUG_BITDEPTH

ALLOW_GRAYSCALE
LAMBDA_ACCURACY_BITS
TRACE

ZEROSNR

_LUMA_COEFF_COST_
_CHROMA_COEFF_COST_
_LUMA_MB_COEFF_COST _
_LUMA_8x8_COEFF_COST _
JM_INT_DIVIDE
JM_MEM_DISTORTION
USE_RND_COST

JM_INT_DIVIDE
JM_MEM_DISTORTION
JCOST_CALC_SCALEUP

INTRA_RDCOSTCALC_EARLY_TERMINATE
INTRA_RDCOSTCALC_NNZ

JCOST_OVERFLOWCHECK
JM_PARALLEL_DEBLOCK

MVC_EXTENSION_ENABLE

Dumps DPB for debuging purposes

Enabled ME Computation time

Defines data size type. 0 implies byte (i.e. best for profiles
with 8 bit support), where as 1 implies unsigned short
which is suitable for all types including 10-12 bit content.
When set to 0, this option can provide considerable
memory savings and some speed advantages when
encoding 8 bit content.

Enables field context types for CABAC. Required for
interlaced coding. If coding only progressive content,
disabling flag can provide some encoding speed up.

Enables High 444 context types for CABAC. If disabled, results
in speedup of non High444 profile encodings.

Ensures that > 8 bit content have no values that would result in
out of range results

Allows encoding in grayscale of full colored image data
Accuracy bits for the motion estimation lambda value.
Enables tracefile generation.

Definition avoids generation of infinite SNR by always
forcing at least one difference sample

8x8 block Luma coefficient threshold cost.

Chroma coefficient threshold cost.

Macroblock Luma coefficient threshold cost.

Threshold for P8x8 sub-macroblocks.

Perform integer divides (shifts) during ME

Use table lookup for distortion computations

Use rounding for distortion computation instead of
truncation

Utilize integer divides for distortion computation

Use table lookup method for distortion computation
Compute RDcost as either

J=(D<<_bits)+A*R or

J=D+ ((A*R+(1<<(\_bits — 1))>> A_bits)

Perform early rdcost termination for intra modes

Enable to recover block’s non-zero coefficients after rd
cost computation

Enable check for distortion cost overflows

Enable parallel deblocking (OpenMP based)

Enables MV C extension support (Stereo High Profile)
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5.2 configfile.h
DEFAULTCONFIGFILENAME : Sets default encoder configuration file.

6. EXPLICIT SEQUENCE INFORMATION FILE
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6. EXPLICIT SEQUENCE INFORMATION FILE

The explicit sequence information file (ExplicitSegFile) enables the JM encoder to encode a video
sequence using arbitrary coding orders and coding types. In this section we will describe how one may
use this file for encoding a video sequence. It should be noted that this option is still experimental, will
be further extended in the future, and should be used with care.

6.1 File Format

The explicit sequence information file needs to adhere to a strict file format. The file needs to start with
the heading “Sequence”. Sequence information are then contained within curly brackets/braces. The first
sequence level entry represents the number of frames that are present in the file (FrameCount). The

TR}

number is separated from FrameCount using a colon “:” symbol.

FrameCount is followed by multiple “Frame” entries, each one again contained within curly
brackets/braces. Variables can be present in any order and can be repeated within the Frame structure
(only the last entry is considered). Frame entries include the following parameters:

Supported Parameter Description
SegNumber . Sequence order of frame in input video file. Each frame is required to
have a distinct number.
SliceType . Slice type to be used when encoding this frame
Reference . Set whether this frame will be used as a reference or not
IDRPicture . Sets picture as IDR assuming picture is using | slices. Currently
ignored.
Example:
Sequence
{ FrameCount : 2
Frame

{
SegNumber : 0
SliceType : I
Reference : 1

}

Frame

{
SegNumber : 1
SliceType : I
Reference : 1
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7. USING THE JM DECODER MODULE

7.1 Decoder Syntax

ldecod [-s] [-h] [-d] [defdec.cfg]
{[-f curencl.cfg]...[-f curencN.cfg]}
[-1 bitstream.264] [ o output.yuv] [-r reference.yuv]
{[-p DecParaml=DecValuel]...[-p DecParamM=DecValueM] }
[-n] Nframes [-mpr] LValue
Options:
-S Silent decoding
-h Prints parameter usage.
[defdec.cfg] | Optional decoder config file containing all decoder information.
Read <curencM.cfg>  for  resetting  selected decoder  parameters.
-f . . ;
Multiple files could be used that set different parameters.
-i Decode file <bitstream.264>. Default is set to test.264.
-0 Reconstructed file name is set to <output.yuv>. Default is test_dec.yuv
o Reference sequence file for PSNR computation is set to <reference.yuv>.
Default is test_rec.yuv
i Set parameter <DecParamM> to <DecValueM>. The entry for <DecParamM> is
P case insensitive.
-mpr Set Number of layers (LValue) to decode
-n Number of frames to be decoded
Examples of usage:
ldecod.exe
ldecod.exe -h
ldecod.exe —-d default.cfg
ldecod.exe -s -1 bitstream.264
ldecod.exe —i bitstream.264 -o output.yuv -r reference.yuv
ldecod.exe —i bitstream420.264 -uv

7.2 Decoder Configuration File Format

The decoder format was recently modified to enable higher flexibility and to basically resemble the

format of that of the encoder. The parameters allowed now are as follows:

7.2.1 InputFile
Class: Text

Description: Input bitstream file name. Name could include file path.
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Note: For Unix/Linux based systems directories should be separated using a backslash “\”, while for
DOS\Windows systems, directories should be separated using a forward slash /7.

Example 1 (DOS):
Ildecod.exe -p InputFile="f:\seq\420\176x144\foreman 176x144 30.264"

Example 2 (Unix/Linux):

Ildecod.exe -p InputFile="/vol/seq/420/176x144/foreman 176x144 30.264"

7.2.2 OutputFile

Class: Text

Description: Decoder output filename. The output will be a raw video file in either YUV or RGB format.
7.2.3 RefFile

Class: Text
Description: Reference input file for distortion (PSNR) computations.

7.2.4 WriteUV

Class: Boolean
Description: Write 4:2:0 chroma components for monochrome streams

7.2.5 FileFormat

Class: Boolean
Description: Input file format (0=Annex B, 1: RTP packets)

7.2.6 RefOffset

Class: Numeric (Integer)
Description: PSNR computation offset

7.2.7 POCScale

Class: Numeric (Integer)
Description: Poc Scale (1 or 2) to be utilized for PSNR computations

7.2.8 DisplayDecParams

Class: Boolean
Description: Display decoder configuration parameters.

7.2.9 ConcealMode

Class: Numeric (Integer)
Description: Perform Error Concealment

Options:

0 Disabled (default)

1 Frame Copy method
2 Motion Copy method
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7.2.10 RefPOCGap

Class: Numeric (Integer)
Description: Reference POC gap (2: IPP (Default), 4: IbP / 1pP)

7.2.11 POCGap

Class: Numeric (Integer)
Description: POC gap (2: IPP /1bP/IpP (Default), 4: IPP with frame skip = 1 etc.)

7.2.12 Silent

Class: Boolean
Description: Perform silent decoding

7.2.13 IntraProfileDeblocking

Class: Boolean
Description: Enable Deblocking filter in intra only profiles (O=disable, 1=filter according to SPS
parameters). This method essentially works as a post-process.

7.2.14 DecFrmNum

Class: Numeric (Integer)
Description: Number of frames to be decoded (-n)

7.2.15 DecodeAllLayers

Class: Boolean
Description: Enables decoding of all layers for MVC. This is equivalent to —mpr.

7.3 Decoder Output

When running the decoder, the decoder will display on screen rate/distortion statistics for every frame
coded. Cumulative results will also be presented. The output information generated may look as follows:

————————————————————————————— dJMl 17,1l (FRERE) —————cccscossoossoossoossoos
: decoder.cfg

Input H.264 bitstream : test.264
Output decoded YUV : test dec.yuv
Output status file : log.dec
Input reference file : test rec.yuv

Frame POC Pic# QP SnrY SnrU Snrv Y:U:V Time (ms)
00000 (IDR) 0 0 28 0.0000 0.0000 0.0000 4:2:0 16
00006 ( P ) 12 1 28 0.0000 0.0000 0.0000 4:2:0 0
00004 ( b ) 8 2 28 0.0000 0.0000 0.0000 4:2:0 15
00002 ( b ) 4 3 28 0.0000 0.0000 0.0000 4:2:0 16
———————————————————— Average SNR all frames —————-————"—"~"—"—"—"—"—"—"——"—"—"—~"——\—\———

SNR Y (dB) : 0.00
SNR U (dB) : 0.00
SNR V (dB) : 0.00

Total decoding time : 0.062 sec (64.516 fps)

Exit JM 17 (FRExt) decoder, ver 17.1

H.264/14496-10 AVC Reference Software Manual Page 7-3



7. Using The JM Decoder Module

The generated statistics in the above list represent the following information:

Name Format Purpose

Frame %05d($Type) Frame Display Order and Type

POC %3d Frame/Field POC number

Pic# %3d Frame_num associated with current frame

QP %5d Frame Quantization value

snry 067 4f Luma Y PSNR. If value is equal to 0.000 then reference is

either not available or is identical to reconstructed.
Chroma U PSNR. If value is equal to 0.000 then reference is

0,
snrU 148 either not available or is identical to reconstructed.
Snrv 07 4f C_hroma \Y PS_NR. If v_alye |s_equal to 0.000 then reference is
either not available or is identical to reconstructed.
Y:U:V XY:Z Color format
Time(ms) %5d Total decoding time for frame
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8. HARDCODED DECODER PARAMETERS

Although encoder behavior is mainly controlled through the parameters provided in section 4, additional
hardcoded parameters within the reference software could also modify its behavior. This includes the
generation of tracing and output information, and algorithmic considerations.

8.1 defines.h

DUMP_DPB
PRINTREFLIST
IMGTYPE

ENABLE_FIELD_CTX

ENABLE_HIGH444 _CTX
ZEROSNR

ENABLE_OUTPUT_TONEMAPPING

DISABLE_ERC
MAX_NUM_SLICES

PAIR_FIELDS_IN_OUTPUT
JM_PARALLEL_DEBLOCKING

MVC_EXTENSION_ENABLE
MAX_NUM_DECSLICES

Dump DPB for debugging purposes

Print reference list information for debugging purposes

Defines data size type. 0 implies byte (i.e. best for profiles with
8 bit support), where as 1 implies unsigned short which is
suitable for all types including 10-12 bit content. When set to 0,
this option can provide considerable memory savings and some
speed advantages when encoding 8 bit content.

Enables field context types for CABAC. Required for
interlaced coding.

Enables High 444 context types for CABAC.

Definition avoids generation of infinite SNR by always forcing
at least one difference sample

Enable tone mapping the output if the tone mapping SEI
message is found in the bitstream

Disable some error concealment code for speed purposes
Maximum number of slices supported per picture
(increasing the value results in higher memory requirement)
always pair consecutive complementary fields in file output
independent of their pairing in the DPB (e.g. if second decoded
field is IDR)

Enable parallel deblocking implementation (OpenMP based)
Enable MVC decoding support

Maximum number of allocated decoded slices that can be
decoded in parallel
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9. SYSTEM GENERATED REPORTS/OUTPUT

The Encoder and Decoder modules generate various reports that could be used for analysis purposes.

9.1

log.dat

File provides summary statistics for all simulations initiated within the current directory. This includes
certain input parameters, PSNR values, bitrate, encoding duration etc. In more detail, the parameters
shown in this file are:

Name Format Purpose

Ver W.X/Y.Z Encoder Version (W.X main branch, Y.Z FREXxt)

Date MM/DD Simulation End Date

Time HH:MM Simulation End Time

Sequence %30.30s Sequence Name

#lmg %5d é?(((j:(legding B or HierarchifarlI nSq'flrruycture) Frames
P/Mbint %d/%d Picture level AFF/ Macroblock level AFF

QPI %-3d I slice Quantizer

QPP %-3d P slice Quantizer

QPB %-3d B slice Quantizer

Format %4dx%4d Width x Height

Iperiod %3d Intra Period

#B %3d Number of B coded frames

FMES FS|FFS|HEX|SHEX|EPZS | Fast Motion Estimation usage

Hdmd %1d%1d%1d Distortion functions for Motion estimation

S.R %3d Maximum Search Range (around predictor for RDOPT ON)
#Ref %2d Maximum number of references (num_ref_frames)

Freq %3d Coded Video Frame Rate

Coding CABAC|CAVLC Entropy Mode Used

RD-opt %d Rate Distortion Optimization Option

nira upd ON[OFF ‘ports that s 1 oft if ML nelnraUpcate s larger than 1
8x8Tr %d Mode usage of 8x8 transform

SNRY 1 %-5.3f Luma PSNR for first frame in sequence

SNRU 1 %-5.3f Chroma U PSNR for first frame in sequence

SNRV 1 %-5.3f Chroma V PSNR for first frame in sequence

SNRY N %-5.3f Luma PSNR for entire sequence

SNRU N %-5.3f Chroma U PSNR for entire sequence

SNRV N %-5.3f Chroma V PSNR for entire sequence

#Bitr | %6.0f Bitrate (not bits) assigned to | coded frames
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#Bitr P %6.0f Bitrate (not bits) assigned to P coded frames
#Bitr B %6.0f Bitrate (not bits) assigned to B coded frames
#Bitr IPB %6.0f Sequence Bitrate including overheads

Total Time %12d Encoding Time in ms

Me Time %12d Motion Estimation only time in ms

9.2 StatsFile description (stats.dat)

This file contains information about the encoded sequence, such as statistics about the macroblock types
used for each different slice type, distortion information, the last encoded sequence. An example stat.dat
file could look as follows:

Sequence e:\data\foreman 176x144 30p.yuv
No.of coded pictures 19

Freq. for encoded bitstream 30

I Slice Bitrate (kb/s) 38.98

P Slice Bitrate (kb/s) 58.69

B Slice Bitrate (kb/s) 8.97

Total Bitrate (kb/s) 106.91

ME Metric for Refinement Level 0 : SAD

ME Metric for Refinement Level 1 Hadamard SAD

ME Metric for Refinement Level 2 Hadamard SAD

Mode Decision Metric Hadamard SAD

Motion Estimation for components Y
Image format : 176x144
Error robustness Ooff
Search range 32
Total number of references 10
References for P slices 2

List0 refs for B slices 2

Listl refs for B slices 2
Entropy coding method CABAC
Profile/Level IDC (100, 40)

EPZS Pattern Extended Diamond
EPZS Dual Pattern : Extended Diamond
EPZS Fixed Predictors : A1l P + B
EPZS Temporal Predictors Enabled
EPZS Spatial Predictors Enabled
EPZS Thresholds (16x16) (256 0 768)
EPZS Subpel ME Enabled
Search range restrictions none
RD-optimized mode decision used
————————————————————— |-——m—— | ]

Item | Intra | All frames |
————————————————————— |-——m—— | ]
SNR Y (dB) | 0.00 | 0.00 |
SNR U/V (dB) | 0.00/ 0.00 | 0.00/ 0.00 |
Average quant \ 28 | 28.00 |
————————————————————— |-—— | | |

SNR | I | P | B
————————————————————— |-—— | | |
SNR Y (dB) \ 0.000 \ 0.000 | 0.000 |
SNR U (dB) \ 0.000 \ 0.000 | 0.000 |
SNR V (dB) \ 0.000 0.000 | 0.000

Mode used
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\

Mode 0 intra 4x4 | 91 |
Mode 1 intra 8x8 | 0 |
Mode 2+ intra 16x16 | 8 |
Mode intra IPCM | 0 |
————————————————————— |-————— ||

Inter | Mode used | MotionInfo bits |
————————————————————— |-——m—— ||
Mode O (copy) | 129 | 0.00 |
Mode 1 (16x16) | 203 | 139.33 |
Mode 2 (16x8) | 108 | 128.00 |
Mode 3 (8x16) | 191 | 256.33 |
Mode 4 (8x8) | 257 | 948.44 |
Mode 5 intra 4x4 | 0 | == |
Mode 6 1intra 8x8 | 0 |
Mode 7+ intra 16x16 | 3 |
Mode intra IPCM | 0 |
--------------------- |[-————— ||

B frame | Mode used | MotionInfo bits |
--------------------- |[-————— ||
Mode 0 (copy) | 561 | 0.00 |
Mode 1 (16x16) | 295 | 210.67 |
Mode 2 (16x8) | 9 | 10.44 |
Mode 3 (8x16) | 20 | 21.56 |
Mode 4 (8x8) | 6 | 22.89 |
Mode 5 intra 4x4 | 0 | == |
Mode 6 1intra 8x8 | 0 |
Mode 7+ intra 16x16 | 0 |
Mode intra IPCM | 0 |
--------------------- |-— | | |

Bit usage: | Intra | Inter | B frame |
————————————————————— |[-— | | |
Header | 32.00 | 32.00 | 40.00 |
Mode | 71.00 | 416.44 | 186.00 |
Motion Info | /. | 1472.11 | 265.56 |
CBP Y/C | 284.00 | 240.44 | 27.44 |
Coeffs. Y \ 22094.00 | 1657.78 \ 38.89
Coeffs. C | 2141.00 | 250.89 | 16.33
Delta quant | 7.00 | 5.22 | 0.67 |
Stuffing Bits | 7.00 | 8.00 | 8.00 |
————————————————————— |[-— | | |
average bits/frame | 24636.00 | 4082.89 | 582.89 |
\ | \

NOTE
Statistics are not collected correctly when Picture or Macroblock Level Field/Frame coding is enabled.



