ETSI TS 103 433-1 v1.3.1 2020-03)

. “E'-“:"::--—

TECHNICAL SPECIEICATION

High-Performance Single Layer High Dynamic Range (HDR)
System for use in Consumer Electronics devices;
Part 1. Directly Standard Dynamic Range (SDR)
Compatible HDR System (SL-HDR1)

EBU




2 ETSI TS 103 433-1 V1.3.1 (2020-03)

Reference
RTS/JTC-051-1

Keywords

broadcasting, content, digital, distribution, HDR,
HDTV, UHDTV, video

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 493 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2020.
© European Broadcasting Union 2020.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 ETSI TS 103 433-1 V1.3.1 (2020-03)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 9
01 Yo (o ST 9
AV TeTo = L= g oY = 01T 070] oo | OSSPSR 9
L0l [N o1 o] o ISR 10
1 o0 o< TSP PSP 12
2 REFEIBINCES .....cceeeeee ettt b bbb e b et e e et Re e bt e be e bt st et et et e e e e nenre b ee 12
21 INOIMBLIVE FEFEIENCES ...ttt ettt sttt et e e et e e st e besae et e e st eaeeneess e eeseeebesaeeaeeneeeeseeseeseeeneeneeneeneeses 12
2.2 [INfOrMELIVE FEFEIENCES..... .ottt ettt b bt ae et e et et bt bt e a e et e e e b sheebesneene e e enrees 13
3 Definition of terms, symbols, abbreviations and CONVENLIONS...........ccccovrerirenereneseseeeeeee e 14
31 1= 10T STRUS PR 14
3.2 Y 1210 SRS 15
321 ATTENMELIC OPEIAEOIS ...ttt bbbt bbbt b b s bt e bt b e et b e bt b e b 15
322 Mahemati Cal FUNCLIONS........couiiei ettt st se e bt s et e s e e e seesbeseeeseeneenseneens 16
323 LOGICAl OPEIGLOIS ...ttt sttt sttt b et b e et b et h e b e ae b e he s b s e e he e b e ne e bt e b e s s e st e b e nb et eb e s b et b e b 16
33 F Y o] 1= V7= 0] PR 16
34 L0001V 01 o] o TSRS 17
4 [ 0 R (0= 10 Y (= 0 RO TRUSPR 17
5 HDR SyStEM @rCIITECIUIE..........ciuiitiitiitet ettt b et bttt b e bbb e e e 18
6 Dynamic metadata format for signal reCONSITUCTION ..........ecviiiiieie e 18
6.1 011 0o 1 1 o | PR 18
6.2 RECONSLIUCETION MELA0AEA SYNEAX .......veeetirteeetertee sttt ettt st b e bt b et b bbb eb b ens 19
6.2.1 11 d0e (0o 1] o FOO O TSROSO PRURTURURPRRIN 19
6.2.2 Signal reconStruction iINFOrMIBLION. ..........ciieie et et e et et e re e reereeneeenes 19
6.2.3 HDR PIiCIUrE CharaClEiStiCS. ..o veeiteesie et eee ettt et ae et e e ae e e e e reesteente e se e teeseenneeneennes 20
6.24 SDR PiCtUrE CharaCteriSHICS. ... ueveerieeieiee e sttt et e e e e e ste et e s e e sneesseenteesaessaesseesreesreenseeneeenns 20
6.2.5 Luminance mapping VaraDIES.........ucie ettt et e s e te et e e teeteeneennennes 20
6.2.6 Colour correction adjustment Variall €S ...........c.vieiiieiieiiee et 21
6.2.7 Luminance Mapping tal€..........couoiiiiieee bbb e 21
6.2.8 (@0 Lol I ere] = ot (o] I =o)L= ST S 21
6.2.9 Gamut MaPPING VAINTBDIES ..ottt bbb e b bt eb e b se b e b neenea 21
6.3 ReCONSLruCtiOn MEtadata SEMEANLICS. ... ...eieiieiee ettt sttt e st e e e e e seeseesbesaesseeneeneeneens 22
6.3.1 11 0o 1 (o) o U RRS 22
6.3.2 Signal reconStruction iINFOrMIBLION. ..........ciieieere e e st et re et e e reesreeneeneeenes 23
6.3.2.1 FNEFOOUCTION ...t e b e e b a et e e s et bt bt eh e e ae e s et e st e e e b e seeebesaeebe e e e e es 23
6.3.2.2 partID - part indicator of the multi-part dOCUMENL............cccvvieiieiiese e 23
6.3.2.3 majorSpecVersionID - Major specification version indiCator............ccevveveeeeeeieeseese e 23
6.3.24 minorSpecVersionlD - Minor specification Version indiCator ............ccovvevveveeeceeseese e ee e 23
6.3.25 payloadMaode - Payload Carriage MOTE.........coce et ee et aesaeesreennees 23
6.3.2.6 matrixCoefficient - Y'C'vC'-t0-R'G'B' conversion matrix CoeffiCients.........ccoeeeeeeoenenenenenieceeene 23
6.3.2.7 chromaToLumal njection - Chromato [umMainjeCtioN...........ccovireiiireeriere s 24
6.3.2.8 00 1= 1 o= 0| TSP 24
6.3.29 GAMUELM BPPINGIMOTE. ...ttt bbbt e et b et b e bt b et b et 24
6.3.3 HDR PiCtUIre CharaClEriSHICS ...ttt b e et b et b bbb 25
6.3.3.1 0100 1 1 o PR 25
6.3.3.2 hdrPicColourSpace - HDR PiCture COlOUr SPACE........ccuueieeieriesiesieesieesiesesseeseesseeseeeeesseessaesseesseessens 25
6.3.3.3 hdrDisplayColourSpace - Colour space of the mastering display used to master the HDR picture......26
6.3.34 hdrDisplayMaxL uminance - HDR mastering display maximum luminance ...........cccceeveevevesveneenn. 26
6.3.35 hdrDisplayMinLuminance - HDR mastering display minimum [uminance...........ccccceevvecvncnveeseennen. 26
6.34 S DL o o N = ol o= o (= = o 26
6.34.1 0100 1 1 o PR 26
6.34.2 sdrPicColourSpace - SDR PiCtUre COlOUN SPACE.........couirueeriiieiiriieesie ettt 26
6.34.3 sdrDisplayMaxLuminance - SDR mastering display maximum [uminance ...........cccoeveeenenecenenieenns 27

ETSI



4 ETSI TS 103 433-1 V1.3.1 (2020-03)

6.344 sdrDisplayMinLuminance - SDR mastering display minimum [uminance............ccccoeeeeeneneccneneeenn 27
6.3.5 Luminance Mapping VaITaIES ...........ooeiiiiee bbb et 27
6.35.1 0100 1 1 o PR 27
6.3.5.2 tmlnputSignal BlackLevel Offset - Tone Mapping Input Signal Black Level Offset ........ccccooeerinieneee 27
6.3.5.3 tmlnputSignal Whitel evel Offset - Tone Mapping Input Signal White Level Offset ... 27
6.3.54 shadowGain - Shadow GaiN COMLIOL........c..oiiiiiirieeeee e bbb e s 28
6.3.5.5 highlightGain - Highlight Gain CONEIOl ..........ccceeiiiieecece et 28
6.3.5.6 midToneWidthAdjFactor - Mid-Tone Width Adjustment Factor ..........cccocvveevievceesicceceee e, 28
6.3.5.7 tmOutputFineTuningNumVal - Number of Tone Mapping Output Fine Tuning Function Curve

POIMES.. ...ttt bbb bt a e e b bt H e b e he R e e R e e R e R R e R oAb £ e Re e e e b e R e b e eaeebe e e e e 28
6.3.5.8 tmOutputFineTuningX - Tone Mapping Output Fine Tuning FUNCtion X ValUES.............ccoeeeerieneenne. 28
6.3.5.9 tmOutputFineTuningY - Tone Mapping Output Fine Tuning Function y values............ccoccoveeneneenne. 28
6.3.6 Colour correction adjustment Variabl €S ...........ccovciiiieiieree bbb 28
6.3.6.1 100 1 1 o PR 28
6.3.6.2 saturationGainNumVal - Number of Saturation Gain Function Curve POINtS..........ccoceveeeeeeeeeeeneenses 28
6.3.6.3 saturationGainX - Saturation Gain FUNCHION X VAIUES..........coeeieiieieenese e 29
6.3.6.4 saturationGainy - Saturation Gain FUNCLION Y VAIUES.........ccveiiiie e 29
6.3.7 Luminance MapPing ta]€..........oieie et e e aeeneeneeenes 29
6.3.7.1 FEFOOUCTION ...t e b b b a et e e s et bRt b e e ae e e et e se e s e b e seeebeeneeb e e e ennees 29
6.3.7.2 luminanceM appingNumVal - Number of Luminance Mapping Curve Points...........cccccvevveeevcenseennen. 29
6.3.7.3 luminanceMappingX - Luminance Mapping X VAIUES...........cccueieeriiereriee e seeseesseesseeseessessaesseesseesees 29
6.3.74 luminanceMappingY - Luminance Mapping Y VAIUES..........c.cccueieerieeneriieiesseeseeseeeseeeeeesessaessaesseeseens 29
6.3.8 (@0 Lol I ere] = ot (o] I =o)L= PSR 30
6.3.8.1 0100 1 1 o PR 30
6.3.8.2 colourCorrectionNumVal - Number of Colour Correction Curve POINES..........ccoeeeereneeereniecnieneenes 30
6.3.8.3 colourCorrectionX - Colour COrreCtion X VBIUES...........cuiirieiriirieiriisieesiesee et 30
6.3.84 colourCorrectionY - Colour COrreCtioN Y VBIUES..........c.ciiuirieiriinieiirieseeesiesee et 30
6.3.9 Gamut MaPPING VAINTBDIES ..ottt sb et b e eb e b e b e b neenea 30
6.3.9.1 T 100 8o 1ol DN PO U O URURUSRP 30
6.3.9.2 satMappingMode - Saturation MapPiNg MOUE.........cc.eiieieeieereere e e e e ee e sae e e sresneesnes 30
6.3.9.3 LS 1o o= ST s |2 (o J OSSP 31
6.3.94 SAGIODAI2SEGREIIOWECE ...ttt ettt ettt e et be et e e enesbe st s eee 31
6.3.9.5 SAGIODAI2SEGREIIOSCG ......cueveeineeiisieieiesie ettt be st e st et e s et e e e se st sesbe e enesbenseneene 31
6.3.9.6 LSS S S o 1o SRS 31
6.3.9.7 SA2SEPRATOWWECEG ......ecviiiieeiiiiee ettt et be s be s be s s et e e e se st e s e se s e sestenaeneesenaeneens 31
6.3.9.8 SIS S o [ 101 X RS 31
6.3.9.9 [IghtNESSM APPINGIMOTE. .......ccuiieeeiecie ettt ettt et b e et et e b b ne b e sbennenen 32
6.3.9.10 IMWEIGNEFBCTON ...ttt bbb e b e se et b e e b e s b e e ebesbe e b e sbenneneas 32
6.3.9.11 CrOPPINGMOUESTG ......eevineeiiitieet ettt ettt b bbbt bbb e e bt b e bbbt e es e b s e bt e b e b e e b e ne e enis 32
6.3.9.12 (080 01TV T 11 od o U US 32
6.3.9.13 cmCroppedLightnessMappingENabI€dFIag ...........coveieeiiee e 32
6.3.9.14 NUBATIIMIOOE. ...ttt st sttt s e et et e st et et e see e et e sbe e ebenaeneebenbeneenens 33
6.3.9.15 huEGIObal PreSerVatioNRELIO..........cc.eieeieiesieste ettt sr bt sre b e e e e e 33
6.3.9.16 NUEPTESEIVELIONRELIO ...ttt bbb bbbt b e e e e e e e e besbeeb e s e enneneen 33
6.3.9.17 hueAligNCOrreCtioNPIESENTFIAY ......cce et enra e reesrees 33
6.3.9.18 NUEATTGNCOMTECIION. ...ttt b etk bbb et bese b e se e e ebesa e e b e sbennenea 33
6.3.9.19 CHFOMAG]PrESENEFIA0. ...ttt bbbttt b e sa s 33
6.3.9.20 CHFOMAGIPEIEIM ...ttt bbbt bbbt e b st b et bena e ens 33
7 HDR Signal reCONSITUCEION PrOCESS......c.ceiviiieiieeieetesteetesteeeessesaeessestesaaestesseetesaeesestesnsestesneensensessesneens 34
7.1 10T o10 | == PRSP ROPRRTRR 34
7.2 Reconstruction process Of the HDR SLIEAM..........ccuiciiiieiice ettt e et aeeaesnee e 34
721 11 d0e (0o 1] o FOO O TSROSO PRURTURURPRRIN 34
7.2.2 Selecting areCONSLIUCION MOTE..........ccieiieieeie e see s ese e e e st e e e e e sreeste e teestesseesseesseesneesseenseensenns 35
723 L uminance mapping and colour correction tableS CONSITUCTION..........c.cccuvveereereee e 35
7231 L uminance mapping table construction from variables (payloadMode 0) ...........coeerenrienenceneneenens 35
72311 11 0o 1 o PP 35
72312 Overview of the computation Of TUIM@PY ......c.coiriiriieire e 35
72313 Block "To perceptual Uniform SIgnal™ ..o 36
72314 BIOCK "AGJUSIMENE CUNVE" ...ttt ettt b e bt na e nn s 37
72315 Block "INverse tone Mapping CUNVE" ..ottt sb et sne e 37
7.2.3.1.6 Block "Black/white level adaptalion”.............coveiieieie s 39

ETSI



5 ETSI TS 103 433-1 V1.3.1 (2020-03)

72317 2 FoTox QT o I 1T 411 (= P 40
72318 BIOCK "TO lINEAI SIGNAI™ ..ottt bbb nn s 40
7.23.19 2 FoTox QN 101V S S @ I P 40
7.2.32 Colour correction table construction from parameter-based mode (payloadMode 0).........c.cccevereenenee. 41
7233 Luminance mapping table retrieval (payloadMOde 1) .........ccceiiiieirininereeee e 42
7.2.34 Colour correction table retrieval (payloadMOde 1) ........cccveiveiieiecieseee e 42
724 HDR picture reconstruction from look-up tablesand SDR PICtUre..........ccceeceveeceeeieseeseeeee e 42
7.3 Piecewise linear fuNCtionN COMPULBLION..........c.eicueieere ettt te e s e st e te e e sreesre e seeteeeeeneesneennes 44
Annex A (normative): SL-HDR recongtruction metadata using HEVC ..o, 45
Nt 1 11 0o (1 o o USSP 45
A.2 SL-HDR Information SEI message definition and mapping.........cccceeeeererenerieneeieeesesese e 45
A21 g1 0o 1 1 o o PSS 45
A.2.2 SL-HDR INfOrmMation SEI MESSAJE......ceutiueieierteeete ettt sttt st eie et be ettt b e bt b et b et st s et eb e e e 45
A221 11 0o 1 oo PR 45
A.2.2.2 SL-HDR Information SEI MESSAJE SYNEBX ......ccveeererrerieririerietesteseetesteseesesieseesesseseesesreseesesbeseesesseseesesseseesens 45
A.223 GaMUL MAPPING SYNLBX ..v.uveiueeeteesteeteeieetesessseeseeesseesseesseessesseesseesseessesssesssssessseesseessensssssenssesssesssesssesnsesnes 47
A224 SL-HDR Information SEI MeSsage SEMENLICS. .......ccceieeiiereeie e e sees e eteete e see e saeesaeseesneesseenseenseens 48
A.225 GamUL MAPPING SEMANTICS. .....ecuveereeieeieeeseeseeseesreesteeeeeseesseeseete e tesseesseesseesseenseanseaseeasenssenssenssesnsesnsesnes 52
A.23 SL-HDR mMetadata MaDPiNG .......ccouieieieeieeieeseeieseeseesaeeseeteesteestessaesseesseesseesseansesseesseesseenseesseensessssssesssenssens 54
A.231 (gLl 18 ot ' o TSP RSP SRPS 54
A.23.2 Signal reconStruction INFOMMIBLTON. .........coiiiriiiee et b e bbb neenea 54
A2321 100 1 1o o TR 54
A.23.22 PAIEID MPPING -...eeveteneetertereete ettt ettt ettt e st e b s e e st ebeseeae et e seeseebese e s e ebesb e e ebesb e e ebesbe e ebenheneebenbenneneas 54
A.23.2.3 Maj OrSPECY €rSIONID MEPPING .....ecvereeetirtireeieete sttt ettt sttt sb et et sb e ebesbe e ebesee e ebesbeneenens 54
A.2324 MiNOrSPECY €rSIONID MAPPING. .. .ecveteeetertereeteete sttt se et b e et se et ebesb et et see e ebesbe e ebesae e ebesbennenens 54
A.23.25 [or2 o r="a [\ KaTe [N 407 o] o] oo IR PSP PSPPSR PRTOTSTUPPTRON 54
A.2.3.2.6 MatriXCOEFfiCIENT MEPPING ..veevveeeeeeieriesee sttt e e et e e tessaesreesreesreesaeenseeneeenseensesnaesseesseesenns 54
A.2.3.2.7 chromaT oL uUmMal NjECtiON MEPPING ....vveveeieeierieieeieesteesteeeeeeeseesseesseetesseesseesseesseesseeseessesssesseessenssees 54
A.2.3.28 L Oa T o= 11720 o T TSR 54
A.2.3.29 (0T 0g 8 10\Y "o o T aTe1\Y Koo L= 0" o1 oo USSR 54
A.233 HDR PIiCIUrE CharaClEIStiCS. ..o veeieeesiecee e eees ettt ee sttt sae e te e ae e e e re et e e s teesreesseeseeneeneeenes 55
A.2331 F 1170 18 (o o HO OSSPSR PSSP 55
A.2.33.2 hdrPiCCOlOUrSPACE MEPIPING. ....eveueeterteeeterteeete ettt sttt sr ettt sbe e bt b see st b e se et sbeseeseebeseebesaeneebesbennenens 55
A.2.3.3.3 hdrDisplayColOUrSPaCE MEPIPING ....c.erveeererreeerertereereseeeete st ssee st seeesbeseesesreseesesbeseesesbesaeneebesreseenens 55
A.2334 hdrDisplayMaxL uminanCe MaDPING ......ccuerueeererreeererseeeseseeeesesseeesesseseesesseseeseseeseesessessesessensesessessesens 56
A.2.3.35 hdrDisplayMinLuminance MaPPING .......c.ereerereererieese et seeiesre e s seee e e e sbeseesesbeseeneesesreseesens 56
A.234 SDR PiCIUIE CNAraCEEITSHICS. ... ettt ettt ettt b e et sb e b b e b e b nnenea 57
A.234.1 100 (1 1o o PR 57
A.2.34.2 (S0 [ Tol @0 Ko 018 o= o 0] o 1 o 57
A.2.34.3 sdrDisplayMaxLuminance MaPPING .......cooeereerureeereeseesieeeesessaeseesseesseessesssasesssesssesssesssesssessssssessnes 57
A.234.4 sdrDisplayMinLuminanCe MaPPiNg .....c..eeieereeireeeeeieseesieeseesteseeseesseesseesseeseassesseesseessesssesssesnsssessnes 57
A.2.35 Luminance mapping VaNaIES...........oieo sttt sae et e e a s e te et e e teeteeneenneenes 57
A.2351 F 1170 18 [ oo HO ST SP TSP SRS 57
A.235.2 tmlnputSignal BlackL evel OffSat MaPPING. ... veoveerririeirerieieiesie sttt 57
A.2.353 tmlnputSignal WhiteL evel OffSet MapPINg ........coeeririeiririeirere e 57
A.2354 SNAAOWGAI N MBPPING ...+ttt sttt e e st b e st sb b s bt s e b e b e e e bt b e e e bt e b e et sb e s e st ebenne e 57
A.2355 highlightGaiN MEPPING. ...c.ve ettt b e et e et b e e et bt se e e ebesbe e ebesbennenea 58
A.2.3.5.6 MidToNEWidthAd] FaCtOr MEPPING ....c.eeveirireeiiriereeiesie st eb et s eb e e b e e b b seenea 58
A.2.35.7 tmOUtpUtFiNET UNINGNUMY &l MEPPING ...ttt bbb 58
A.2.35.8 tMOULPULFI NETUNINGX MAPPING -1 vvveveeieeesteesteeeeeeesseesteeteestesssesseesseesseesseesseasseaseesseesseessenssenssessssssssnes 58
A.2.35.9 tMOULPULFI NETUNINGY MAPPING - .vveteeieeerieeteeteeeesseesteeteestessesseesseesaeesseesseanseaseesseesseessenssesssesnsssessnes 58
A.2.3.6 Colour correction adjustment Variall S ...........c.oieiiieii ettt et ae e 58
A.236.1 F 1170 (8 (oo HO OSSPSR TSR PRS 58
A.2.3.6.2 saturationGai NNUMV @l MBPPING. ... veiueeieeeieertieireeeeeesteeseeseeeeseeseesseesseesseasseaseesseesseessesssesssessesessnes 58
A.2.3.6.3 LS (U= Lo T Tl D 11720 o o 58
A.23.64 SALUratioNGAINY MAPPING +..vverveueeterteeesersesesessesesesses st sses st ssesesesbesesesbesesesbe s eaesbe b e e e st sbensenesbenseneens 58
A.2.3.7 Luminance Mapping tal€..........co.oiiiiee bbb 58
A2371 100 1 1o o TR 58
A.23.7.2 [uminanceM appiNGNUMVY al MEPPING .....ccueiiieirieeeere ettt ettt b e et b e se b seebesreneenea 58
A.2.3.7.3 [uMiNaNCEM 8PPINGX MBPPING ... .veverreeetertereeteete sttt st se et se e ebe e e b e se et ebesee e ebesbe e ebesae e ebesbeneenens 59

ETSI



6 ETSI TS 103 433-1 V1.3.1 (2020-03)

A.2374 [UMiNaNCEM 8PPINGY MBPPING ... .eeverveeetertereeteete sttt sb e et b e et ebe e se b e se et ebesee e ebesbe e ebesae e ebesbennenens 59
A.238 (@0 Lol I ere] = ot (o] I =o)L= P 59
A.2381 100 1 1o o TR 59
A.2.3.8.2 colourCorrectioNNUMV @l MEAPPING.....c.ceuerereeiertireeieriere ettt r b e s b se e e 59
A.2.3.8.3 COlOUrCOrTECE ONX MBPIPING ...+ e.veveetereeueetereeueete sttt st ee s sse e bt sb e ese s s ese b e s esesb e e esesbe s esesb e b eneebeneeneenis 59
A.2.3.84 (o0 Fol01 £ @Xe g = w1 T 0 ) 1170 o o TS 59
A.2.3.9 Gamut MaPPING VANADIES .......cc.eeieeciieceee ettt te e ae s e e s reesaeesteenteesaeesaesseesreenteensenneeenes 59
A.2391 F 1170 18 (o o HO ST SP TSP 59
A.2.39.2 (5% AV E=To o T g To 1Y/ Koo L= 0= o g T 60
A.2.39.3 (5% (] o oLz MRS S o | R o7 1o o] o 60
A.2394 SatGlobal 2SegRati OWCG MEAPPING. ....cuveveeeueererreeesesteeeiessesesesse et ssesese b s e b b e b b e s s esesbesneneens 60
A.2.395 SatGlobal 2SegRati OSCG MAPPING -..crververerreneesersesesesteseiessesesessesesessesesesbess et sbessesesbesse e sbesseaesbesseneees 60
A.2.3.9.6 SALLSEGRELTIO MBPPING. +-. vttt b et b bbb et b bbbt b et e b e et eb et e b b 60
A.2.39.7 SAt2SEgRALTOVWCG MEPPING -.c.viueivereiieterieeeiert ettt b e st bbb bt sb bt et seae b s e 60
A.2.3.9.8 SA2SEGRATOSCG MEPPING -...cveeeeertereeieriert ettt sb et s bt b e ae b bt b bt sb e bbb e s aesbe et e 60
A.2.39.9 lightnessM appi NGIM OO MBPPING ....c.veueererreeereriereet ettt eb e e eb e e et b e b sbeseesesae e ebesbennenens 60
A.2.3.9.10 F AT AVA= Ko 1= ox (o 0 7= o o o TSR 60
A.2.3.9.11 CroppPiNgM OAESCTG MEPPING......veereerreeteeieetereeseesee st esseesseeseaseesseesseesseesseasesessseesseessenssesssessenssenssens 60
A.2.3.9.12 (o0 0\ AV Yo 10 c=ox (o 0197 o o S 60
A.2.39.13 cmCroppedLightnessM appingEnabledFlag Mapping .........cccoveveeriereeie e 60
A.2.39.14 LU0 1Y, o [ 007" o] oo TSR 61
A.2.3.9.15 hueGlobal PreservationRatio MaPPING........cieeieerierie e e eeseesee e steesteesaseeeseesseesseesseesessaessenssesssnns 61
A.2.3.9.16 huePreservationRatio MEPPING .....c.coerieiiieir et sb e et b e et sae e b e b neenea 61
A.2.39.17 hueAlignCorrectionPresentFlag MapPINg .......ccciereeerereere et s eb e seene 61
A.2.3.9.18 hUEA T gNCOFTECE ON MADIPING ..+ vevertereeieete sttt sttt sttt sttt se st st se et ebesb e et esbe e ebeneebesbe e ebesbennenens 61
A.2.3.9.19 ChromAdj PresentFlag MaPPING . .....c.coveieereeere ettt nn s 61
A.2.3.9.20 ChroOMA ] Param MEPPING .....c.veeererueeeieitereet sttt e e bt ss e s bbbt e e e eb b s e b e b e e b e nneneenis 61
A.3 Mastering Display Colour Volume SEI message Mapping.......ccccceeveeeeeereseeieesiesee e seessesressessesseenns 61
A31 T g1 7o 13 ot [ o TP 61
A.3.2 HDR PICIUIE CRarBCLENTSHICS. ...oveevieeeceeisteeste e e e sttt e te e ste s e s e saeeste et e e seeeneeste e seesteenteensesneesneesneesseansennsenns 62
Annex B (normative): SL-HDR reconstruction metadata Using AVC........coeveveceevevecieciesie e 63
Annex C (informative): HDR-t0-SDR decomposition princCiple........ccccoeveeveiicieieieese e 64
(O35 A 1 010 [UTox i o] o OSSPSR 64
Cl1 PIOCESS OVEIVIEW ...ttt et d et R et n R et R et R e et r e n et r e n e 64
Cl2 TheoretiCal deCOMPOSITION PIrOCESS .....ccvveirieieeiereeseeseesteesteeeeeseasseesseesesstessaesseesseesseassssseesseeseeseessesssessenssees 64
C.13 ReferenCe iMPIEMENEELION. ........ciiiiee bbb et b et nb e b 65
C.2  Mapping and colour fUNCLIONS AENVELION...........coiiiirieieieie et see s 66
c21 g1 0o 1 1 o o PSSR 66
C22 Computation of the function LUTrm(L) (payl0adMode 0).........cceeueriirierimieieniese e e 66
c221 Overview of the COMPULALTiON OF LUTTM(L) «.veververrertereeiereeniesie st sttt sie vt st sbe e e e e e 66
Cc222 Block "To perceptual Uniform SIQNal" ........coooi oo ettt e s re e teeteeaesneesnes 67
c223 Block "Black/white level adaptation” ............ccoiieiieiecie et 68
C224 BIOCK "TONE MEPPING CUINVE" .......eeeieee ettt ete ettt e st et e e te e tesseesae s e e saeesseeseenteensesseesteesseenseenseensesneennes 69
C.225 BIOCK "AGJUSLMENT CUNVE" ...ttt ettt ettt b et b e et b e et b e b et b b 70
C.226 2] T ot QT o I 1T 01 (= P SRRN 71
C227 BIOCK "TO lINEAI SIGNal™ ...ttt ettt e et b e et b e bt b b 71
C.228 FIN@I OULPUL ...ttt bbbt b e bt b e s et b e s e et b b et eb e b et b e b 72
c.23 Computation of the colour COrreCtion FUNCLION ............coi i 72
C.3 Automatic parameter generation during €NCOUING .........eiererierierieereniesese e seeseenes 73
C31 g1 7o 13t [ TSRS 73
C32 Automatic tone mapping parameter generation from only an HDR PICtUre..........cccovvevvecivcieceececeee e 73
C321 gLl 13 ot '] o USSP 73
C3.22 Calculation of tmlnputSignal BlackL evel Offset, tminputSignal WhiteLevel Offset ..........ccoeveiviiceienens 73
C3.23 Calculation Of SNAOOWGEAIN..........ciuiieieeeiee ettt e e st e s te e ebe e e e eeeseesessesresaesneeneeneeneas 74
C3.24 The parameters highlightGain and midToneWidthAdjFaCOr ............cceiriirinineeeeeee e 75
C33 Temporal filtering of tone MapPiNg PArAMELES .......c..ciiirieire ettt eb e e ebe e neene 75
C34 Simplified process for colour correction fUNCLioN GENEratioN ...........cooeiiereierereeese e 78

ETSI



7 ETSI TS 103 433-1 V1.3.1 (2020-03)

C341 1 0o 1 o) o TP RSN 78
C34.2 Simplified colour COrrection derivation PrOCESS.........coetiiriererereeie ettt sr e b b ebe e e b e seerens 78
C.343 Selection of the COlOUr COrTECHION LUT .......oiiiiiiii ettt ettt eetee e sare et e e saaeeebeeesbeseseeebesenseeenes 79
Annex D (informative): I[nvertible gamut MaPPING........ccoeiiiirieee e 81
D 200 A 111 0o (1 (o o OSSPSR 81
D.2  Notations and AefiNItIONS..........cciiiiiieieeeree et a et sesaenne e 82
D.21 g1l 18 ot ('l TSR 82
D.2.2 INOLBLIONIS . ... vttt r ettt n e st r e s R e e e bt e R e s e e e ae e e R e e s e R e e s e ne e e e ee e R e n e e n e e e e nnenr e e e 82
D.2.3 DEFINITIONS. ...ttt r et r et r e st r s e e Rt e R R et R n e e R n et n Rt r s 83
D.23.1 g0 o (17 1o o TS 83
D.23.2 Line defined DY tWO POINES .....eiveieieiieieeie ettt ettt st b e et b e bbb et b bbb 83
D.2.3.3 1= 5= 1 o 0 SO RRN 83
D.234 LU o TSP PP PSSR 84
D.2.35 <o) SO PRPR 86
D.2.3.6 Computing the CUSP COlOUF USING @ SECLOT .......eveuerterieiirteseeieste sttt sttt sttt be et et sbesre e ebesreneenens 87
D.2.3.7 L0 0 = Y P 87
D.3 Forward gamut MapPRinNg PrOCESS ........cceruerrerserserserseeesessesseasessessessessessessessaseasessesseasessessessensessssessessensens 89
D.31 g1l 18 ot (' TSP 89
D.3.2 VidE0 CONLENE AUAPLALION........covireeeeite ettt eb bbb b bttt s b e e bt s b e e eb e sb e e eb e s b e neebeebeneeneas 90
D.3.3 HUB MPIING -ttt ettt ettt bttt b et b st b bt e b b s e b bt e e b bt e e bt bt s e he e bt b e e bt b e e eb e e e ens 91
D.33.1 g0 o (17 1o o TR 91
D.33.2 Deriving the FOtALE JAIMUL ........coiieeiiiteeeieite ettt ettt b et b e et b et b e et sb e b 92
D.3.33 Hue mapping WithOUL PreSErVer 8IEA.........c..cuiirieiie ettt sttt 93
D.3.34 Deriving the PreSErVEd GAMUL.........cceiieiieieeieie ettt b et b e et b e et be bbb 9
D.3.35 Hue Mapping With PreéSErVE @rEaL.........cccveiieeii et sae st e e e ra e st e te e te e teeteennesneesnns 95
D.34 [0 01115 0= o o 97
D.34.1 Fg1E oo (3 (o o OSSPSR 97
D.34.2 Deriving the lightness CropPed GAMUL ..........cccuiiiiiieiieees e se e e s st e et esrae e e s re e e eeeeneesneesnes 98
D.3.4.3 Deriving the lightness mapping Weighting faCLOrS...........ccieiieiiiie e 98
D.3.4.4 otz 0 o ol [T 11 g T=S\S 7= o o] o [ 99
D.35 CRrOMINGNCE MEIDPING -...eveueeterteeeterteeeeert sttt se et ae bt sbe s s e s e eb e s b e e e bt s b e e ebe b e e e st e b e s eseebe s eseebe b eneebenbeneees 100
D.35.1 g 0o (17 1o o TS 100
D.352 Computing the boundary Of aWarped GaAIMUL...........coceiiiiieiere bbb 100
D.353 Deriving the compression parameters from the metadata............ccoooveerireinineisee e 101
D.354 Compressing the ChFOMINAINCE............ci ittt b et b et b e et b b 103
D.3.6 Interfacing with SL-HDRL deCOMPOSITION.........ceiciiieiiiesieseesiees e e stesee e sreeste e eneesntessaeseessaesnaesraesnees 104
D.4  INverse gamut MaPPING PrOCESS.......ccuuruerrerrerrerseeesesseasessessessessessesseseseasessesseasessessessessensessssessessessessenes 104
D41 g1 T 18 ot (' o OSSPSR PSR PRSURPRN 104
D.4.2 Interfacing With SL-HDRL r€CONSIIUCTION ......ccueiieieiieesieesteeiee e eesaeseeseeesreesaeeeeeseeesaesseessaessessaesseessassnens 105
D.4.3 CRroMINGNCE FEMBIDPING ...v.eeveeeneeterteeetertesese sttt seese bt eae st b e e ese s b e e ese s b e b e st sb e se st e b et ebesbe b esesbe b enesbenbe e e 105
D44 LiGNENESS FEMAIDIDING ... .vveetereeueete sttt sttt et ebese et et se et et ese e e ebese e st ebeseeaeeb e seeneeb e se et eb e se et ebesbe e et e sbeneeneebeneeneas 107
D.45 HUB FEMBIDIING -ttt sttt sttt st b et a bt et b e s e st b seeaeeb e sE e st eb e s e e st eb e s e e st eb e s b e e ebeebeneebenbeneeneebeneeneas 108
D451 g 0o (17 1o o TS 108
D.452 Hue remapping WithOUL PreSErVEd @A .........ueiruiieeiriiee ettt bbb 109
D.45.3 Hue remapping With PreSerVed @rEaL............vcieciereciee et e et te e saesee s e e sneenreenneens 109
D.4.6 Adaptation tO OULPUL FOMMEL .........cuiiiieieeiesie s sttt e e e e ees e saaesseesreensesneesneesneesseenseensenns 112
Annex E (informative): HDR-to-HDR display adaptation.............ccccceveeeeiieieciese e 114
S R 111 0o (1 (o OSSR 114
E.2 Display adaptation maintaining CreatiVe INTENT ..........c.cuiireierereeeeeeres e 114
E.3 Display adaptation and HDIMI ..o 118
E.4 Display adaptation tUNIMNG.........ccceiieieeiiiieie et e st s re e eesresreeaesresaeenbesreensesbeeseessesneenns 119
E.5 Minimum and maximum value of Lpgs for display adaptation............cccecevvrireneneneneieeeeeeeie 120

ETSI



8 ETSI TS 103 433-1 V1.3.1 (2020-03)

Annex F (informative): Error-concealment: recovery in post-processor from metadata loss or

(o0 0 U o] A o o SRS 122
St [ o1 0o (1o o o S 122
F.2 Metadata values for rECOVENY MOUE ..........couiiiiieieieieeieet st 122
F.3 Recovery of shadow _gain CONIOL .........cccueiiiieiiiiieie ettt st e st s neeeesreens 123
Annex G (informative): ETSI TS103 433 signallingin CTA-861-G.......ccccccveceevvieeie e 124
(€00 R 1 0110 [UTox i o] o TSRO 124
G.2 HDR Dynamic Metadata Data BIOCK..........c..coeieiieiiinese st 124
G.3 HDR Dynamic Metadata Extended INfOFTaAME...........cooiiiiiiiiceeeenese e 124
Annex H (infor mative): SL-HDR metadata indication for CMAF based applications.................. 126
Annex | (informative): Use of SL-HDR iN DVB SErVICES......cccoviiiriieieieeeieeeese s 127
Annex J (informative): (O =T To Tl o T o Y2 128
[ T (PO PRSP 129

ETSI



9 ETSI TS 103 433-1 V1.3.1 (2020-03)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

The present document is part 1 of a multi-part document covering the High-Performance Single Layer High Dynamic
Range (HDR) System for use in Consumer Electronics devices, asidentified below.

Part 1: " Directly Standard Dynamic Range (SDR) Compatible HDR System (SL-HDR1)";

Part 2. "Enhancements for Perceptual Quantization (PQ) transfer function based High Dynamic Range (HDR)
Systems (SL-HDR2)";

Part 3:  "Enhancements for Hybrid Log Gamma (HLG) transfer function based High Dynamic Range (HDR)
Systems (SL-HDR3)".

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became atripartite body
by including in the Memorandum of Understanding also CENELEC, which isresponsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activitiesin the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about
60 countries in the European broadcasting area; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel:  +4122717 2111

Fax: +4122717 2481

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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Introduction

Motivation

Today Ultra HD services have been launched or are being launched by broadcasters and network operators in many
regions of the world. Besides higher resolution, wider colour gamut and higher frame rate, High Dynamic Rangeisa
highly demanded feature. Recently some High Dynamic Range (HDR) standards have been released by SMPTE
(SMPTE ST 2084 [1] and SMPTE ST 2086 [2]). However, they define an HDR video signal that is not directly
compatible with Standard Dynamic Range (SDR) Consumer Electronics (CE) devices. Thus, these devices require
upstream external processing adapting the HDR video signal to a supported video format in order to render the video
signal. Additionally, existing production and distribution infrastructures as well as play out equipment may not be
compatible with the SMPTE HDR standards with respect to carriage and signalling of the metadata in these standards.

The HDR system specified in the present document addresses direct backwards compatibility i.e. it leverages SDR
distribution networks and services already in place and that enables high quality HDR rendering on HDR-enabled CE
devicesincluding high quality SDR rendering on SDR CE devices. Requirement for the present solutionisthat itis
single layer to ensure that bit rate overhead for HDR and implementation complexity in CE devices will be low.

Pre-processing

At the distribution stage, an incoming HDR signal is decomposed in an SDR signal and content-dependent dynamic
metadata. This stageis called "HDR-to-SDR decomposition”, "HDR decomposition” or simply "decomposition”. The
SDR signal is encoded with any distribution codec (e.g. HEVC or AV C as respectively specified in Annex A and
Annex B) and carried throughout the existing SDR distribution network with accompanying metadata conveyed on a
specific channel or embedded in an SDR bitstream. The dynamic metadata can for instance be carried in an SEI
message when used in conjunction with an HEV C or AV C codec. The HDR-to-SDR pre-processor that produces
dynamic metadata is not a normative requirement of the present document. Nonetheless, the pre-processor is expected
to produce a dynamic metadata stream matching the syntax specified in Annex A and Annex B.

Post-processing

In the present document, the post-processing stage that occursin the IRD is functionally the inverse of the pre-
processing stage and is called " SDR-to-HDR reconstruction”, "HDR reconstruction” or just "reconstruction”. It occurs
just after SDR bitstream decoding. The post-processing takes as input an SDR video frame and associated dynamic
metadata in order to reconstruct an HDR picture, as specified in clause 7, to be presented to the HDR compliant
rendering device.

Structure of the present document

The present document is structured as follows. Clause 1 provides the scope of the present document. Clause 2
provides references used in the present document. Clause 3 gives essential definition of terms, symbols and
abbreviations used in the present document. Clause 4 provides information on the end to end system. Clause 5 details
the architecture of the HDR system. Clause 6 specifies the format abstraction layer (agnostic to the distribution
format) implementing the content-based dynamic metadata common to systems based on ETSI TS 103 433 multi-part
document. Specifically to the present document, the metadata are produced during the HDR-to-SDR decomposition
stage and they enable reconstruction of the HDR signal from the decoded SDR signal and those metadata. Clause 7
specifies the reconstruction process of the HDR signal. The dynamic metadata format specified in clause 6 is
normatively mapped from SEI messages representative of SL-HDR system that are specified for HEVC and AVC
respectively in Annex A and Annex B. Informative Annex C, Annex D and Annex E provide information on an HDR-
to-SDR decomposition process, a gamut mapping process as well asitsinverse process and HDR-to-HDR display
adaptation. Informative Annex F proposes a recovery procedure when dynamic metadata are detected as missing by
the post-processor during the HDR signal reconstruction. Eventually, informative Annex G givesreferenceto a
standard mechanism to carry SL-HDR reconstruction metadata through interfaces, informative Annex H provides
information on SL-HDR metadata indication for CMAF based applications, and informative Annex | provides
information on the use of SL-HDR in DVB Services.
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The structure of the present document is summarized in Table 1.

Table 1: Structure of the present document

Clause/Annex Description Normative/Informative | Part(s) for which the
# (in the present clause/annex is valid
document)
Clause 1 Scope of the document Informative 1
Clause 2 References used in the document Normative/Informative 1
Clause 3 Definitions of terms, symbols and abbreviations Informative 1
Clause 4 End-to-end system Informative 1
Clause 5 Architecture of the HDR system Informative 1
Clause 6 Metadata format abstraction layer (agnostic to the Normative 1,2,3
distribution format)
Clause 7 SDR-to-HDR reconstruction process Normative 1
Annex A SL-HDR reconstruction metadata using HEVC Normative 1,2, 3
Annex B SL-HDR reconstruction metadata using AVC Normative 1,2,3
Annex C HDR-to-SDR decomposition process Informative 1
Annex D Invertible gamut mapping process Informative 1
Annex E HDR-to-HDR display adaptation process Informative 1
Annex F Error-concealment and recovery procedure Informative 1
Annex G ETSI TS 103 433 signalling in CTA-861-G Informative 1,2,3
Annex H SL-HDR metadata indication for CMAF based Informative 1,2,3
applications

Annex | Use of SL-HDR in DVB Services Informative 1,2,3
Annex J Change History Informative 1
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1 Scope

The present document specifies the content-based dynamic metadata common to systems based on ETSI TS 103 433
multi-part deliverable and the post-decoding process enabling reconstruction of an HDR signal from an SDR signal and
the specified metadata. This reconstruction processis typically invoked in a Consumer Electronics device suchasa TV
set, asmartphone, atablet, or a Set Top Box. Besides, it provides information and recommendations on the usage of the
described HDR system.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] SMPTE ST 2084:2014: "High Dynamic Range Electro-Optical Transfer Function of Mastering
Reference Displays'.

[2] SMPTE ST 2086:2014: "Mastering Display Color Volume Metadata Supporting High Luminance
and Wide Color Gamut Images”.

[3] Recommendation ITU-T H.264 (02-2016): "Advanced video coding for generic audiovisual
services'.

[4] Recommendation ITU-T H.265 (04-2015): "High efficiency video coding".

[5] SMPTE RP 431-2:2011: "D-Cinema Quality - Reference Projector and Environment”.

[6] Recommendation I TU-R BT.709-6 (06-2015): "Parameter values for HDTV standards for

production and international programme exchange”.

[7] Recommendation ITU-R BT.2020-2 (10-2015): "Parameter values for ultra-high definition
television systems for production and international programme exchange”.

[8] Recommendation ITU-R BT.1886 (03-2011): "Reference electro-optical transfer function for flat
panel displaysused in HDTV studio production”.

[9] SO 11664-1:2019: "Colorimetry - Part 1: CIE standard colorimetric observers'.
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Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE:

While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1]

[i.2]
[i.3]

[i.4]
[i.5]
[i.6]
[i.7]

[i.8]

[i.9]
[i.10]

[i.11]

[i.12]

[i.13]

[i.14]

[i.15]

[i.16]

[i.17]

CTA Standard CTA-861-G (November 2016): "A DTV Profile for Uncompressed High Speed
Digital Interfaces'.

CTA Standard CTA-861.4 (March 2019): "Updates to Dynamic HDR Metadata Signaling".

Recommendation ITU-R BT.2035: "A reference environment for evaluation of HDTV program
material or completed programmes’.

SMPTE ST 2094-20:2016: "Dynamic Metadata for Color Volume Transform - Application #2".
SMPTE ST 2094-30:2016: "Dynamic Metadata for Color Volume Transform - Application #3".
SMPTE RP 2077:2013: "Full Range Image Mapping".

Recommendation ITU-R BT.2100: "Image parameter values for high dynamic range television for
use in production and international programme exchange”.

SMPTE Engineering Guideline EG 28-1993: "Annotated Glossary of Essential Terms for
Electronic Production".

SMPTE RP 177:1993: "Derivation of Basic Television Color Equations’.

Recommendation ITU-T T.35 (02-2000): "Procedure for the allocation of ITU-T defined codes for
non-standard facilities".

JCTVC-21017: "Conversion and Coding Practices for HDR/WCG Y'ChCr 4:2:0 Video with PQ
Transfer Characteristics (Draft 4)".

ETSI TS 103 433-2 (V1.2.1): "High-performance Single Layer High Dynamic Range (HDR)
System for use in Consumer Electronics devices; Part 2: Enhancements for Perceptual
Quantization (PQ) transfer function based High Dynamic Range (HDR) systems (SL-HDR2)".

ETSI TS 103 433-3 (V1.1.1): "High-performance Single Layer High Dynamic Range (HDR)
System for use in Consumer Electronics devices; Part 3: Enhancements for Hybrid Log Gamma
(HLG) transfer function based High Dynamic Range (HDR) Systems (SL-HDR3)".

I SO/IEC 23000-19:2018: Information technology -- Multimedia application format (MPEG-A) --
Part 19: "Common media application format (CMAF) for segmented media”.

ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (SI)
in DVB systems".

ETSI TS 101 211: "Digital Video Broadcasting (DV B); Guidelines on implementation and usage
of Service Information (SI)".

ETSI TS 101 154: "Digital Video Broadcasting (DVB); Specification for the use of Video and
Audio Coding in Broadcast and Broadband Applications”.
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3 Definition of terms, symbols, abbreviations and
conventions
3.1 Terms

For the purposes of the present document, the following terms apply.

anchor: invariant point that can be retrieved during the inverse hue mapping process
NOTE 1. Term specific to the invertible gamut mapping process.
NOTE 2: The anchor guarantees the invertibility of the hue mapping process.

chrominance: chrominance components are denoted U and V in the linear-light YUV colour space
NOTE 1: Term specific to the gamut mapping (or inverse) process.

NOTE 2: Typicaly, inthelinear-light YUV colour space, it corresponds to the radial coordinate of the cylindrical
representation of acolour i.e. chrominance(Y,U,V) =vVU2 + V2.

cold colour: colours for which the lightness value islessin the cusp of the wider gamut than in the cusp of the smaller
gamut (e.g. green, blue and cyan)

NOTE: Term specific to the gamut mapping (or inverse) process.

colour correction: adjustment of the luma and chroma components of asignal derived from the HDR signal in order to
avoid hue shift and preserve the colour look of the HDR signal in the SDR signal

colour volume: solid in colorimetric space containing al possible colours a display can produce
decomposed picture: SDR picture derived from the HDR-to-SDR pre-processing stage
NOTE: Type of pre-processed picture.

display adaptation: adaptation of avideo signal to the characteristics of the targeted Consumer Electronics display
(e.g. maximum luminance of the CE display)

dynamic metadata: metadata that can be different for different portions of the video and can change at each associated
picture

gamut: complete subset of colours which can be represented within a given colour space or by a certain output device
NOTE: Also known as colour gamut.

gamut mapping: mapping of the colour space coordinates of the elements of a source image to colour space
coordinates of the elements of a reproduction

NOTE: Gamut mapping intent is not to change the dynamic range of the source but to compensate for differences
in the source and output medium colour gamut capability.

High Dynamic Range (HDR) system: system specified and designed for capturing, processing, and reproducing a
scene, conveying the full range of perceptible shadow and highlight detail, with sufficient precision and acceptable
artefacts, including sufficient separation of diffuse white and specular highlights
hue: angular coordinate of the cylindrical representation of a colour in the linear-light YUV colour space

NOTE 1. Term specific to the gamut mapping (or inverse) process.

NOTE 2: Typicaly, hue may be computed as hue(Y,U,V) = atan2(V, U), where atan2 is the two-argument inverse
tangent.

lightness: Y component of the linear-light YUV colour space

NOTE: Term specific to the gamut mapping (or inverse) process.
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luma: linear combination of non-linear-light (gamma-corrected) primary colour signals

luminance: objective measure of the visible radiant flux weighted for colour by the CIE Photopic Spectral Luminous
Efficiency Function ([i.8])

luminance mapping: adjustment of the luminance representative of a source signal to the luminance of a targeted
system

original picture: output HDR picture of post-production
NOTE: The source pictureisan origina picture which characteristics may have been adjusted for distribution.

post-production: part of the process of filmmaking and video production gathering many different processes such as
video editing, adding visual specia effects, transfer of colour motion picture film to video

NOTE: The pre-processed picture is generated during the post-production stage at the encoding site.
pre-processed picture: output picture of SL-HDR pre-processing stage
reconstructed picture: output picture of SL-HDR post-processing stage
saturation: chrominance value normalized by the lightness value

NOTE: Term specific to the gamut mapping (or inverse) process.

Single Layer High Dynamic Range (SL-HDR) system: system implementing at least one of the parts of the ETSI
TS 103 433 multi-part deliverable

sour ce picture: input picture of SL-HDR pre-processing stage
NOTE: Typically an HDR picture coming from post-production facilities.

Standard Colour Gamut (SCG): chromaticity gamut equal to the chromaticity gamut defined by Recommendation
ITU-R BT.709-6 [6]

Standard Dynamic Range (SDR) system: system having a reference reproduction using a luminance range
constrained by Recommendation ITU-R BT.2035 [i.3], section 3.2

NOTE: Typically no more than 10 stops.

Supplemental Enhancement I nfor mation (SEI) message: carriage mechanism defined in Recommendation
ITU-T H.264 [3] and Recommendation ITU-T H.265 [4] that isintended to assist in processes related to decoding,
display or other purposes

target picture: picture graded on an SDR mastering display

warm colour: colours for which the lightness value is greater in the cusp of the wider gamut than in the cusp of the
smaller gamut (e.g. yellow, red and magenta)

NOTE: Term specific to the gamut mapping (or inverse) process.

Wide Colour Gamut (WCG): chromaticity gamut larger than the chromaticity gamut defined by Recommendation
ITU-R BT.709-6 [6]

3.2 Symbols

3.2.1 Arithmetic operators

For the purposes of the present document, the following arithmetic operators apply.

+ Addition

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

X Multiplication, including matrix multiplication

xY Exponentiation. Specifies x to the power of y. In other contexts, such notation is used for

superscripting not intended for interpretation as exponentiation
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/ Integer division with truncation of the result toward zero. For example, 7/ 4 and -7/ -4 are
truncatedto 1 and -7/ 4 and 7 / -4 are truncated to -1

+ Used to denote division in mathematical equations where no truncation or rounding isintended

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

x%y Modulus. Remainder of x divided by y, defined only for integersx and y withx>0andy > 0

3.2.2 Mathematical functions

For the purposes of the present document, the following mathematical functions apply.

Abs( X ) X , Xx=20
-X , x<0
X , Z<X

Clip3(x;y;z) <y , z>y
z , otherwise

Floor(x) the largest integer less than or equal to x
In(x) natural logarithm of x
[0g10( X ) logarithm with base 10 of x
X , X<
Min(x;y) Y
y » X>Yy
X , X2y
Max(x;y)
y » X<y
X=Yy.z x takes on integer values starting from y to z, inclusive, with x, y, and z being integer numbers and
z being greater than y

3.2.3 Logical operators
For the purposes of the present document, the following logical operators apply.

X&&y Boolean logical "and" of x and 'y
x?y:.z If x is TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply.

AVC Advanced Video Coding

CE Consumer Electronics

CIE Commission Internationale de I'Eclairage
CLVS Coded Layer-wise Video Sequence
CMAF Common Media Application Format
EIT Event Information Table

EOTF Electro-Optical Transfer Function
GBR Green Blue Red colour model

HDMI High-Definition Multimedia Interface
HDR High Dynamic Range

HEVC High Efficiency Video Coding

IRD Integrated Receiver Decoder

LUT Look-Up Table

MDCV Mastering Display Colour Volume
MSB Most Significant Bit

OETF Opto-Electrical Transfer Function
RGB Red Green Blue colour model

SCG Standard Colour Gamut
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SDR Standard Dynamic Range

SDT Service Descriptor Table

SEI Supplemental Enhancement Information (asin AVC and HEVC)
SL-HDR Single Layer High Dynamic Range

SL-HDRI Single Layer High Dynamic Range Information

SMPTE Society of Motion Picture and Television Engineers

STB Set Top Box

VUI Video Usability Information

WCG Wide Colour Gamut

3.4 Conventions
Unless otherwise stated, the following convention regarding the notation is used:

e  Variables specified in the present document are indicated by bold Arial font 9 pointslower camel case style
e.g. camelCase. All those variables are described in clause 6.

. Internal variables of the present document are indicated by italic Cambria math font 10 points style
e.qg. variable.

. Structures of syntactic elements or structures of variables are indicated by Arial font 9 points C-style with
parentheses e.g. structure_of _variables( ). Those structures are defined in clause 6, Annex A and Annex B.

o Bitstream syntactic elements are indicated by bold Arial font 9 points C-style e.g. syntactic_element. All
those variables are defined in Annex A and Annex B.

o Functions are indicated as func( x).

e  Tablesareindicated as table/ idx |.

4 End-to-end system

Figure 1 shows an end-to-end workflow supporting content production and delivery to HDR and legacy SDR displays.
The primary goal of this HDR workflow is to provide direct SDR backwards compatible servicesi.e. services which
associated streams are directly compatible with SDR Consumer Electronics devices. This workflow is based on
technologies and standards that facilitate an open approach.

It includes a single-layer SDR/HDR encoding-decoding, and uses static and dynamic metadata:

. Mastering Display Colour Volume (MDCV) standardized in AVC [3], HEVC [4] and SMPTE ST 2086 [2]
specifications and part of the SL-HDR SEI message as specified in Annex A;

e  SL-HDR Information (SL-HDRI) based on both SMPTE ST 2094-20 [i.4] and SMPTE ST 2094-30 [i.5]
specifications.

Single-layer encoding/decoding requires only one encoder instance at HDR encoding side, and one decoder instance at
player/display side. It supports the real-time workflow of broadcast applications.

The elements specifically addressed in the present document are related to the HDR reconstruction process and the
associated dynamic metadata format.
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HDR display

HDR video
HDR T
Mocy + reconstruction 1 -
master HOR SL-HDRI MDCV + MDCV metadata
SDR or HDR video adals SL-HDRI metadata Y
video > > .| {eg.SElmessage) | | :
] L master SDR HDR Encoding Decoding
Production Post-prod video__ | e (e.. HEVC B (e HEVC
I e Y pemreses 4= decompaosition Vioin 10} Mol 10 SOR video
Capture MDCV_ . > SDR stream )
3 DR
metadata Golor grading (.. ST 2086) \ﬁdeo Legacy SDR
VFX compositing display
Tone Mapping
Inverse Tone Mapping Main data
Prod / Post-prod / Mastering HDR Decomposition / Encoding Distribution | Decoding / HDR Reconstruction e

Figure 1. Example of HDR end-to-end system

5 HDR system architecture

The block diagram in Figure 2 depicts in more detail the HDR decomposition and reconstruction processes. The centre
block included in dash-red box corresponds to the distribution encoding and decoding stages (e.g. based on HEVC or
AV C video coding specifications). The left and right grey-coloured boxes respectively enable format adaptation to the
input video signal of the HDR system and to the targeted system (e.g. a STB, a connected TV, etc.) connected with the
HDR system. The black solid line boxes show the HDR specific processing. The additional HDR dynamic metadata are
transmitted on distribution networks typically by way of the SEI messaging mechanism. The present document relates
to both the HDR signal reconstruction process and the HDR metadata format. The core component of the HDR
decomposition stage is the HDR-to-SDR decomposition that generates an SDR video from the HDR signal. Optionally,
ablock of gamut mapping may be used when the input HDR and output SDR signals are represented with different
colour gamut or colour spaces. The decoder side implements the inverse processes, in particular the SDR-to-HDR
reconstruction step that goes back to HDR from the SDR video provided by the decoder. Optionally, a block of
HDR-to-HDR signal reconstruction may be used as a display adaptation process. The dynamic range output of the
display adaptation processis less than the dynamic range of the HDR signal output of the SDR-to-HDR signal
reconstruction process.

Qutput
SDR SDR
ey e e . S i ppg s il ) [ piie—————— T !
| ; = HDR40-SDR ||SDR SDR-to-HDR Tlnverse ; |
Input anverspn to _bl Gam‘ut i_._ sigsl i Encoding »| Decoding | | sigrl HDR gamidt |_-_ Conversion to Output
HDR linear-light mapping ! L output format HDR
| LSS 7‘ decomposition || | |  L_reconstruction [_maﬂ)irﬁl |
b = 4 : SL-HDR metadata |
HDR decomposition | (e.g. SEl message) | HDR reconstruction
HDR SER || Gsmmemet Bom Sttt e B e e
grading grading Distribution codec | '_lnﬁrs?| :
monitor monitor (e.g. HEVC Main 10) I HDR Conversion to Output
! HDE;;-;DR —,Ilﬁj:;?;:g |*‘ output format T" HDR
|| reconstruction |=— — :‘: _———— —|— — ]
i HDR display characteristics I
e R 9.0 CIASOIGILT] . .
Display adaptation
Figure 2: HDR system architecture overview

Clause 6 specifies the dynamic metadata format for signal reconstruction. In the present document, the dynamic
metadata allow SDR-to-HDR reconstruction of the HDR signal.

NOTE: Dynamic metadata format specified in clause 6 appliesto each part of the ETSI TS 103 433 multi-part
document. Specificities may be specified for each part of the multi-part deliverable.
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Clause 6.2 specifies the syntax of the reconstruction metadata using pseudocode. The pseudocode is based on C
language, but is simplified for ease of understanding. The number of bits representative of the bit depth of the variables
is provided in order to assist hardware buses sizing. When the number of bits used to encode a variable is not fixed and
not bound by constants, it isindicated as VAR.

Clause 6.3 specifies the semantics and the precision of the reconstruction metadata.

6.2 Reconstruction metadata syntax

6.2.1 Introduction

This clause specifies aformat abstraction layer implementing the static and dynamic metadata used for signal
reconstruction (SDR-to-HDR reconstruction in the present document) agnostically to the distribution format (i.e.
independent of the SEI message syntax specified in Annex A and Annex B). Thisformat supports two mutually
exclusive carriage modes. parameter-based mode and table-based mode. The SDR-to-HDR-reconstruction process,
specified in clause 7 for both modes relies on luminance mapping and colour correction curves produced from the
dynamic reconstruction metadata associated with each mode. The reconstruction metadata are carried in HEVC or AVC
video coding specifications thanks to a mapping process respectively described in Annex A and Annex B.

6.2.2 Signal reconstruction information

The syntax of signal_reconstruction_info( ) is specified in Table 2. In the present document, the reconstructed signal is
an HDR signal.

Table 2: Syntax of signal_reconstruction_info()

Syntax No. of bits
signal_reconstruction_info( )
{
partiD 4
majorSpecVersionlD 4
minorSpecVersionID 7
payloadMode 3
hdr_characteristics( ) 36
sdr_characteristics( ) 36
for(i=0;i<4;i++)
matrixCoefficient[i] 10
for(i=0;i<2;i++)
chromaToLumalnjection[i] 13
for(i=0;i<3;i++)
kCoefficient[i] 6/7/8
switch( payloadMode ) {
case 0O:
luminance_mapping_variables( ) VAR
colour_correction_adjustment( ) VAR
break
case 1:
luminance_mapping_table() VAR
colour_correction_table() VAR
break
if( sdrPicColourSpace < hdrPicColourSpace ) {
gamutMappingMode 8
if( gamutMappingMode == 1)
gamut_mapping_variables( ) VAR
} }
NOTE:  The number of bits used to represent kCoefficient[ 0 ], kCoefficient[ 1 ], kCoefficient[ 2 ] is respectively 6,
7 and 8 bits.
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6.2.3 HDR picture characteristics

HDR picture characteristics (i.e. source picture and reconstructed picture formats in the present document) are specified
by syntax elements present in Table 3. From the IRD viewpoint, those variables can be mapped from HEVC and AVC
Mastering Display Colour Volume (SMPTE ST 2086 [2]) SEI message or SL-HDR Information SEI message syntax
elements as respectively specified in hormative Annex A.

NOTE: Itisnoted that the dynamic range of the picture presented to the output HDR display may differ from the
dynamic range of the source picture e.g. when HDR-to-HDR display adaptation (documented in
clause E.2) is activated.

Table 3: Syntax of hdr_characteristics()

Syntax No. of bits

hdr_characteristics( )

hdrPicColourSpace 2
hdrDisplayColourSpace 2
hdrDisplayMaxLuminance 16
hdrDisplayMinLuminance 16

}

6.2.4  SDR picture characteristics

SDR picture characteristics (i.e. pre-processed picture format in the present document) are specified in Table 4. From
the IRD viewpoint, those variables can be mapped from SL-HDR Information SEI message syntax elements as
respectively specified in normative Annex A and Annex B.

Table 4: Syntax of sdr_characteristics()

Syntax No. of bits
sdr_characteristics( )
sdrPicColourSpace 2
sdrDisplayMaxLuminance 16
sdrDisplayMinLuminance 16
}

6.2.5 Luminance mapping variables

The luminance mapping variables are specified by syntax elements present in Table 5. Luminance mapping variables
are invoked when payloadMode is equal to O.

Table 5: Syntax of luminance_mapping_variables()

Syntax No. of bits

luminance_mapping_variables()
{
tmInputSignalBlackLevel Offset
tmInputSignalWhiteLevelOffset
shadowGain
highlightGain
midToneWidthAdjFactor
tmOutputFineTuningNumVal
for(i = 0; i < tmOutputFineTuningNumVal; i++) {
tmOutputFineTuningX[ i ]
tmOutputFineTuningY[i]

H 00 00 00 00

0 0

}

}
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6.2.6 Colour correction adjustment variables

The colour correction adjustment variables are specified by syntax elements present in Table 6. Colour correction
adjustment variables are invoked when payloadMode isequal to 0.

Table 6: Syntax of colour_correction_adjustment()

Syntax No. of bits
colour_correction_adjustment( )
{
saturationGainNumVal 4
for(i = 0; i < saturationGainNumVal; i++) {
saturationGainX[i] 8
saturationGainY[i] 8
}
}

6.2.7 Luminance mapping table

The luminance mapping variables are specified by syntax elements present in Table 7. Luminance mapping table is
invoked when payloadMode isequal to 1.

Table 7: Syntax of luminance_mapping_table()

Syntax No. of bits
luminance_mapping_table()
{
luminanceMappingNumVal 7
for(i = 0; i < luminanceMappingNumVal; i++) {
luminanceMappingX[i] 14
luminanceMappingY[i] 13
}
}

6.2.8 Colour correction table

The colour correction table is specified by syntax elements present in Table 8. Colour correction table is invoked when
payloadMode isequal to 1.

Table 8: Syntax of colour_correction_table()

Syntax No. of bits
colour_correction_table()
colourCorrectionNumVal 7
for(i = 0; i < colourCorrectionNumVal; i++) {
colourCorrectionX[i] 12
colourCorrectionY[i] 11
}
}

6.2.9 Gamut mapping variables

The gamut mapping variables are specified by syntax elements present in Table 9. Those variables are invoked when
sdrPicColourSpace valueislessthan hdrPicColourSpace value and when gamutMappingMode is equal to 1.
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Table 9: Syntax of gamut_mapping_variables()

Syntax

No. of bits

gamut_mapping_variables( )

satMappingMode
switch( satMappingMode ) {
case 1:
satGloballSegRatio
satGlobal2SegRatioWCG
satGlobal2SegRatioSCG
break
case 2:
for(c=0;c<6; ct++){
satlSegRatio[ c]
sat2SegRatioWCGJ[ c ]
sat2SegRatioSCGJ c ]
}

break

lightnessMappingMode
switch( lightnessMappingMode ) {
case 3:
for(c=0;c<6; ct++)
ImWeightFactor[ c ]
break
}
croppingModeSCG
switch( croppingModeSCG ) {
case 3:
for(c=0;c<6; ct++)
cmWeightFactor[ ¢ ]
break
}
if( croppingModeSCG )
cmCroppedLightnessMappingEnabledFlag
hueAdjMode
switch( hueAdjMode ) {
case 2:
hueGlobalPreservationRatio
break
case 3:
for(c=0;c <6; ct++)
huePreservationRatio[ c ]
break

}
if( hueAdjMode ) {
hueAlignCorrectionPresentFlag
if( hueAlignCorrectionPresentFlag )
for(c=0;c<6; ct++)
hueAlignCorrection[ c]
chromAdjPresentFlag
if( chromAdjPresentFlag )
for(c=0;c<6; ct++)
chromAdjParam[ c]

www

www

= W

6.3 Reconstruction metadata semantics

6.3.1 Introduction

This clause specifies the semantics of the static and dynamic metadata used for the signal reconstruction.
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6.3.2 Signal reconstruction information

6.3.2.1 Introduction

In the present document, signal_reconstruction_info contains the dynamic metadata that enables reconstruction of an
HDR picture (as described in clause 7) when combined with the associated SDR picture.

6.3.2.2 partID - part indicator of the multi-part document

This 4-bit code indicates the part of the ETSI TS 103 433 multi-part deliverable to which the bitstream conforms to.

6.3.2.3 majorSpecVersionlD - Major specification version indicator

This 4-bit code indicates the specification version to which the bitstream conforms to.

6.3.2.4 minorSpecVersionID - Minor specification version indicator

This 7-bit code indicates the specification version to which the bitstream conforms to.

6.3.2.5 payloadMode - Payload carriage mode

This variable indicates the carriage mode used to implement the dynamic metadata representative of the colour volume
transform. The value of payloadMode shall be equal to 0b000 or 0b001 only, see Table 10.

Table 10: Payload carriage mode

Value of payloadMode Carriage mode
0b000 Parameter-based
0b001 Table-based

0b010 - Ob111 Reserved for future use

Parameter-based mode consists of few variables enabling the construction of luminance mapping and colour correction
curvesthat are required as input of the reconstruction process.

Alternatively, table-based mode consists of look-up tables that are representative of luminance mapping and colour
correction curves. Look-up tables values shall be interpolated by piece-wise linear sections, see clause 7.3.

NOTE: Inthe present document, the parameter-based mode may be of interest for distribution workflows which
primary goal isto provide direct SDR backwards compatible services with very low additional payload or
bandwidth usage for carrying the dynamic metadata. The table-based mode may be of interest for
professional workflows typically when a higher level of adaptation is desired for representing both source
and pre-processed pictures. It is not intended to use the table-based mode with consumer electronics
devices such as those deployed in distribution networks.

6.3.2.6 matrixCoefficient - Y'C'vC'-to-R'G'B' conversion matrix coefficients

These variables specify matrix coefficients that are to be used to compute the Y'C',C', to R'G'B' conversion matrix that
isemployed in the SL-HDR reconstruction process. The value of matrixCoefficient[ i ] shall be in the bounded range

[—2t02 — ﬁ] and in multiples of (1-+256).

NOTE: Typicaly, the Y'C',C's to R'G'B' coefficients carried in matrixCoefficient[ i ] are representative of the
coefficients of the appropriate canonical Y'C',C'; to R'G'B' matrix. An example computation is provided
in clause F.2. These matrix coefficients are not intended to be used in the gamut mapping process
described in Annex D.
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6.3.2.7 chromaToLumalnjection - Chroma to luma injection

This array of two variables respectively indicates the ratio of the blue and red colour-difference component injection
into the luma component. The value of chromaToLumalnjection[i] shall be in the bounded range [0to 0,5 — 16;84 ]
and in multiples of (1 + 16 384).

6.3.2.8 kCoefficient

Thisarray is composed of three variables which specifies coefficients used in the computation of the reconstruction
process. The value of kCoefficient[ 0 ] shall be in the bounded range [0 to (63 + 256)] and in multiples of (1 + 256).
The value of kCoefficient[ 1] shall bein the bounded range [0 to (127 = 256)] and in multiples of (1 +~ 256). The value
of kCoefficient[ 2] shall bein the bounded range [0 to (255 + 256)] and in multiples of (1 + 256).

6.3.2.9 gamutMappingMode

Thisvariable isinvoked when sdrPicColourSpace isless than hdrPicColourSpace. This variable indicates the gamut
mapping mode that is representative of the gamut mapping parameters. In the present document, the value of
gamutMappingMode shall beinthe range of 0 to 3, inclusive and 64 to 127, inclusive, see Table 11.

Table 11: Gamut mapping mode

Value of gamutMappingMode Gamut mapping mode

0 Implementation dependent method

1 Explicit parameters (see clause 6.3.9)

2 Preset #1: BT.709 to P3D65 gamut (see Table 12)
3 Preset #2: BT.709 to BT.2020 gamut (see Table 13)

4-63 Reserved for future use
64 - 127 Unspecified
128 - 255 Reserved for future use

When gamutMappingMode is equal to 0, no parameter information of gamut mapping (gamut compression or
expansion) is carried in the bitstream and the implementer may use its own method to recover the initial HDR picture
gamut. When gamutMappingMode is not equal to O, parameters of the gamut mapping process are carried either
explicitly (see clause 6.3.9) or implicitly (predetermined values). The unspecified values of gamutMappingMode in the
range of 64 to 127, inclusive, are values unspecified by the present document and that may be used by some means
unspecified in the present document to identify particular presets (e.g. determined by another standardization body).

Preset #1 and preset#2 shall only apply to the present document. Table 12 and Table 13 respectively provide the
predetermined val ues of the gamut mapping variables that respectively correspond to an inverse gamut mapping (gamut
expansion) from BT.709 gamut represented with BT.709 primaries to P3D65 gamut represented with BT.2020
primaries (preset #1) or from BT.709 gamut represented with BT.709 primaries to BT.2020 gamut represented with
BT.2020 primaries (preset #2).

Table 12: Preset #1: BT.709 gamut to P3D65 gamut with BT.2020 primaries

Gamut mapping variable Variable value
satMappingMode 2

satlSegRatio[ ¢ ]

sat2SegRatioWCGJ ¢ ] { ______ }
{3_5_49_35_35_49_35}

sat2SegRatioSCG[ ¢ ]

lightnessMappingMode 2

croppingModeSCG 0

hueAdjMode 3
huePreservationRatio[ ¢ ] {Z;Z;Z;Z;Z;Z}
8°8'8°8'8°8

hueAlignCorrectionPresentFlag 1
hueAlignCorrection[ c ] {4;1;2;4;5; 1}

chromAdjPresentFlag 0
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Table 13: Preset #2: BT.709 gamut to BT.2020 gamut with BT.2020 primaries

Gamut mapping variable Variable value
satMappingMode 2
. 7 7
satlSegRatio[ ¢ ] {E;E;—;E;E;—}
8’8’s8’g’8’8
sat2SegRatioWCGJ ¢ ] {B—S;B—S;B—S;E;E;E}
64’ 64" 64" 64 64° 64
. 49 4 49 4
sat2SegRatioSCG[ ¢ ] {—9;—9;3—5;—9;—9;5}
64’ 64" 64" 64 64° 64
lightnessMappingMode 2
croppingModeSCG 0
hueAdjMode 3
. . 7 7 7
huePreservationRatio[ ¢ ] {9;_;_;§;f;_}
8’8’8’8’8’8
hueAlignCorrectionPresentFlag 1
hueAlignCorrection| ¢ ] {4:1,2,4,5, 1}
chromAdjPresentFlag 0

6.3.3 HDR picture characteristics

6.3.3.1 Introduction

The hdr_characteristics( ) contains HDR picture signal characteristics namely: an indication on the colour spacein
which the HDR picture is represented, an indication on the primaries of the display used to master the HDR picture.

NOTE: The colour space and the display primaries which qualify the HDR reconstructed picture format are
identical to the colour space and the mastering display primaries which qualify the HDR source picture
format.

6.3.3.2 hdrPicColourSpace - HDR picture colour space

This variable indicates the white point and primaries chromaticity coordinates of the HDR picture colour space in terms
of CIE 1931 definitions of x and y as specified in 1SO 11664-1 [9] and defined in Table 14.

Table 14: HDR picture colour primaries and white point

Value of hdrPicColourSpace Primaries NOTE: Colour space primaries
primary X y
green 0,300 0,600 . . .
0 blue 0,150 0,060 as defl'%‘fF'Q“BFfr‘?gggg“%da“on
red 0,640 0,330
white D65 0,3127 0,3290
primary X y
green 0,170 0,797 ) ) .
1 blue 0,131 0,046 as delf'Tr‘S_dR'%%%ozrg_rge[Q?at'on
red 0,708 0,292
white D65 0,3127 0,3290
2-3 Reserved for future use

When hdrPicColourSpace is greater than sdrPicColourSpace, an inverse gamut mapping procedure should be
invoked after the reconstruction process. An informative inverse gamut mapping processis provided in Annex D.

NOTE: Inthe present document, an inverse gamut mapping conversion process is recommended to be invoked
when the gamut in which the HDR picture is represented is greater than the gamut in which the SDR
picture is represented.
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6.3.3.3 hdrDisplayColourSpace - Colour space of the mastering display used to
master the HDR picture

This variable indicates the white point and chromaticity coordinates of the HDR mastering display primariesin terms of
CIE 1931 definitions of x and y as specified in 1SO 11664-1 [9] and defined in Table 15. By extension, these values
also apply to the reconstructed picture.

Table 15: HDR picture mastering display colour primaries and white point

Value of Primaries NOTE: Colour space primaries
hdrDisplayColourSpace
primary X y
green 0,300 0,600 as defined in Recommendation
0 blue 0,150 0,060 ITU-R BT.709-6 [6]
red 0,640 0,330 :
white D65 0,3127 0,3290
primary X y
green 0,170 0,797 as defined in Recommendation
1 blue 0,131 0,046 ITU-R BT.2020-2 [7]
red 0,708 0,292 '
white D65 0,3127 0,3290
primary X y primaries as defined in RP 431-2 [5]
green 0,265 0,690 (DCI-P3)
2 blue 0,150 0,060 white point as defined in
red 0,680 0,320 Recommendation
white D65 0,3127 0,3290 ITU-R BT.2020-2 [7]
3 Reserved for future use
6.3.34 hdrDisplayMaxLuminance - HDR mastering display maximum luminance

This variable specifies the nominal maximum display luminance of the mastering display used to grade the HDR picture
in units of 1 candela per square metre with a rounding to the nearest multiple of 50 candelas per square metre. The
proper value of this variable shall be present in associated bitstreams that conform to the present document.

NOTE: Inthe present document, hdrDisplayMaxLuminance valueis aso used for the value of the display
maximum luminance used for reconstructing the reconstructed picture when display adaptation is not
activated.

6.3.3.5 hdrDisplayMinLuminance - HDR mastering display minimum luminance

This variable specifies the nominal minimum display luminance of the mastering display used to grade the HDR picture
in units of 0,0001 candelas per square metre. hdrDisplayMinLuminance shall be less than hdrDisplayMaxLuminance.
If the proper value of hdrDisplayMinLuminance isunknown, it is recommended that it is set to O.

6.3.4  SDR picture characteristics

6.34.1 Introduction

The sdr_characteristics() contains SDR picture signal characteristics namely: an indication on the colour spacein
which the SDR picture is represented, the nominal maximum and minimum luminance values of the mastering display
that was used to master the SDR picture.

NOTE: Inthe present document, the SDR picture corresponds to the pre-processed picture that isintended to be
encoded and transmitted on distribution networks. I1f no mastering display has been employed due to an
automatic derivation process of the SDR picture, avaueisinferred by the present document.

6.3.4.2 sdrPicColourSpace - SDR picture colour space

This variable indicates the white point and primaries chromaticity coordinates of the SDR picture colour space in terms
of CIE 1931 definitions of x and y as specified in 1SO 11664-1 [9] and defined in Table 16.
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Table 16: SDR picture colour primaries and white point

Value of sdrPicColourSpace Primaries Colour space primaries

primary X y
green 0,300 0,600 as defined in Recommendation

0 blue 0,150 0,060 ITU-R BT.709-6 [6]
red 0,640 0,330 )
white D65 0,3127 0,3290
primary X y

1 glrsgn 81;2 88% as defined in Recommendation
red 0.708 0,292 ITU-R BT.2020-2 [7]
white D65 0,3127 0,3290

2-3 Reserved for future use

sdrPicColourSpace shall be equal to or less than hdrPicColourSpace.

NOTE: Thisconstraint means that the colour space in which the SDR picture is represented is smaller or equal to
the colour space in which the HDR picture is represented.

In the present document, when sdrPicColourSpace islessthan hdrPicColourSpace, an inverse gamut mapping
procedure should be invoked after the reconstruction process. An informative inverse gamut mapping processis
provided in Annex D.

6.3.4.3 sdrDisplayMaxLuminance - SDR mastering display maximum luminance

This variable specifies the nominal maximum display luminance of the mastering display used to grade the SDR picture
in units of 1 candela per square metre with a rounding to the nearest multiple of 50 candelas per square metre.

6.3.4.4 sdrDisplayMinLuminance - SDR mastering display minimum luminance

This variable specifies the nominal minimum display luminance of the mastering display used to grade the SDR picture
in units of 0,0001 candela per square metre. sdrDisplayMinLuminance shall be less than sdrDisplayMaxLuminance.
If the proper value of sdrDisplayMinLuminance is unknown, it is recommended that it is set to 0.

6.3.5 Luminance mapping variables

6.35.1 Introduction

The luminance mapping variables defined in this clause are representative of the inverse EOTF of the inverse luminance
mapping curve and are used to construct the look-up table /utMapY. Thislook-up table is taken as one input of the
reconstruction process specified in clause 7. The variables specified in this clause are present when payloadMode is
equal to O (i.e. parameter-based carriage of dynamic metadata). The range and precisions defined in the semantics of the
present clause are consistent with the range and precisions defined in SMPTE ST 2094-20 [i.4]. In the present
document, those variables are used in the HDR reconstruction process specified in clause 7.

6.3.5.2 tminputSignalBlackLevelOffset - Tone Mapping Input Signal Black Level
Offset

Thisvariable indicates the offset to be subtracted from the signal and is used to calculate the gain of the signal as afirst
step in the luminance mapping curve reconstruction process. The value shall be in the bounded range [0 to 1] and in
multiples of (1 + 255).

6.3.5.3 tminputSignalWhiteLevelOffset - Tone Mapping Input Signal White Level
Offset

Thisvariable is used to calcul ate the gain of the signal as a second step in the luminance mapping curve reconstruction
process. The value shall be in the bounded range [0 to 1] and in multiples of (1 + 255).
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6.35.4 shadowGain - Shadow Gain Control

This variable indicates the gain that is used to adjust the steepness of the luminance mapping curve in its shadow
(darker) region. The value shall be in the bounded range [0 to 2] and in multiples of (2 + 255).

6.3.5.5 highlightGain - Highlight Gain Control

Thisvariable indicates the gain that is used to adjust the steepness of the luminance mapping curvein its highlight
(brighter) region. The value shall be in the bounded range [0 to 2] and in multiples of (2 + 255).

6.3.5.6 midToneWidthAdjFactor - Mid-Tone Width Adjustment Factor

Thisvariable indicates the gain that is used to adjust the width of the luminance mapping curve in their mid-tone region.
The value shall be in the bounded range [0 to 2] and in multiples of (2 + 255).

6.3.5.7 tmOutputFineTuningNumVal - Number of Tone Mapping Output Fine Tuning
Function Curve Points

This variable specifies the number of pivot pointsin the piece-wise linear tone mapping output fine tuning function
fanm( ), See clause 7.3, that maps alocal tone mapping input value to an adjusted one. The value of
tmOutputFineTuningNumVal shall be in the bounded range [0 to 10].

6.3.5.8 tmOutputFineTuningX - Tone Mapping Output Fine Tuning Function x values

This variable indicates the x; values of the tone mapping output fine tuning function. The value shall be in the bounded
range [0 to 1] and in multiples of (1 + 255). The value of tmOutputFineTuningX[i + 1] shall be greater than the value
of tmOutputFineTuningX[i], for i in the range of 0 to tmOutputFineTuningNumVal - 2, inclusive.

6.3.5.9 tmOutputFineTuningY - Tone Mapping Output Fine Tuning Function y values

This variable indicates the y; values of the tone mapping output fine tuning function, frum( ). The value shall be in the
bounded range [0 to 1] and in multiples of (1 + 255). The value of tmOutputFineTuningY[i+ 1] shall be greater than
the value of tmOutputFineTuningY[i], for i in the range of 0 to tmOutputFineTuningNumVal - 2, inclusive.

When tmOutputFineTuningX[ 0 ] isequal to 0, tmOutputFineTuningY[ 0 ] shall be equal to 0. When
tmOutputFineTuningX[ 0 ] is greater than O, an initial linear segment shall be inferred that maps input values ranging
from O to tmOutputFineTuningX[ 0 ], inclusive, to target values ranging from 0 to tmOutputFineTuningY[ 0 ],
inclusive.

When tmOutputFineTuning X[ tmOutputFineTuningNumVal - 1] isnot equal to 1, afinal linear segment shall be
inferred that maps input val ues ranging from tmOutputFineTuningX[ tmOutputFineTuningNumVal - 1] to 1,
inclusive, to target values ranging from tmOutputFineTuningY[ tmOutputFineTuningNumVal - 1] to 1, inclusive.

6.3.6 Colour correction adjustment variables

6.3.6.1 Introduction

The colour correction variables defined in this clause are used to adjust the default colour correction curve,
implemented by the look-up table /utCC. The colour correction curve isareguired input of the reconstruction process.
The variables specified in this clause are present when payloadMode isequal to O (i.e. parameter-based carriage of
dynamic metadata). The range and precisions defined in the semantics of the present clause are consistent with the
range and precisions defined in SMPTE ST 2094-20 [i.4]. In the present document, those variables are used in the HDR
reconstruction process specified in clause 7.

6.3.6.2 saturationGainNumVal - Number of Saturation Gain Function Curve Points

This variable specifies the number of pivot pointsin the piece-wise linear saturation gain function, £g( ), that maps a
colour correction input value to a saturation scaling factor. The value of saturationGainNumVal shal be in the bounded
range [0 to 6]. See clause 7.3 for the computation of £gr( ) from the list of pivot points.
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6.3.6.3 saturationGainX - Saturation Gain Function x values

This variable indicates the x; values of the saturation gain function. The value shall be in the bounded range [0 to 1] and
in multiples of (1 + 255). The value of saturationGainX[ i + 1 ] shall be greater than the value of saturationGainX[ i ],
for i intherange of 0 to saturationGainNumVal - 2, inclusive.

6.3.6.4 saturationGainY - Saturation Gain Function y values

This variable indicates the y; values of the saturation gain function. The value shall bein the bounded range [0 to 1] and
in multiples of (1 + 255).

When saturationGainX[ 0 ] isgreater than O, an initial linear segment shall be inferred that maps input values ranging
from O to saturationGainX[ 0], inclusive, to target values from 128 + 255 to saturationGainY[ 0], inclusive.

When saturationGainX[ saturationGainNumVal - 1] isnot equal to 1, afinal linear segment shall be inferred that
maps input values ranging from saturationGainX[ saturationGainNumVal - 1] to 1, inclusive, to target values ranging
from saturationGainY[ saturationGainNumVal - 1] to 128 + 255, inclusive.

6.3.7 Luminance mapping table

6.3.7.1 Introduction

The variables defined in this clause are piece-wise linear pivot points representative of the inverse EOTF of the inverse
luminance mapping curve, implemented by the look-up table /utMapY. Thislook-up table is taken as one input of the
reconstruction process. The variables specified in this clause are present when payloadMode isset to 1 (i.e. table-based
carriage of dynamic metadata). The present clause is based on metadata definition as specified in SMPTE

ST 2094-30 [i.5]. In the present document, those variables are used in the HDR reconstruction process specified in
clause 7.

6.3.7.2 luminanceMappingNumVal - Number of Luminance Mapping Curve Points
This variable specifies the number of pivot pointsin the piece-wise linear luminance mapping curve. The value of
luminanceMappingNumVal shall be in the bounded range [0 to 65].

6.3.7.3 luminanceMappingX - Luminance Mapping x values

This variable indicates the x; values of the luminance mapping curve. It shall be in the bounded range [0 to 1] and in
multiples of (1 + 8 192). The value of luminanceMappingX[ i+ 1 ] shall be greater than the value of
luminanceMappingX[i], for i in the range of 0 to luminanceMappingNumVal - 2, inclusive.

6.3.7.4 luminanceMappingY - Luminance Mapping y values

This variable indicates the y; values of the luminance mapping curve. It shall be in the bounded range[0to 1 — ?192 ]
and in multiples of (1 + 8 192).

When luminanceMappingX[ 0 ] is greater than O, aninitia linear segment shall be inferred that maps input values
ranging from O to luminanceMappingX[ 0], inclusive, to target values ranging from 0 to luminanceMappingY[ 0],
inclusive.

When luminanceMappingX[ luminanceMappingNumVal - 1] isnot equal to 1, afinal linear segment shall be inferred
that maps input values ranging from luminanceMappingX[ luminanceMappingNumVal - 1] to 1, inclusive, to target

values ranging from luminanceMappingY[ luminanceMappingNumVal - 1] to 1 —8111, inclusive.
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6.3.8 Colour correction table

6.3.8.1 Introduction

The variables defined in this clause are piece-wise linear pivot points representative of colour correction curve,
implemented by the look-up table /utCC. Thislook-up table istaken as one input of the reconstruction process. The
variables specified in this clause are present when payloadMode isset to 1 (i.e. table-based carriage of dynamic
metadata). The present clause is based on metadata definition as specified in SMPTE ST 2094-30 [i.5]. In the present
document, those variables are used in the HDR reconstruction process specified in clause 7.

6.3.8.2 colourCorrectionNumVal - Number of Colour Correction Curve Points

This variable specifies the number of pivot pointsin the piece-wise linear colour correction curve. The value of
colourCorrectionNumVal shall be in the bounded range [0 to 65].

6.3.8.3 colourCorrectionX - Colour Correction x values

This variable indicates the x; values of the colour correction curve. It shall be in the bounded range [0 to 1] and in
multiples of (1 + 2 048). The value of colourCorrectionX[ i + 1] shall be greater than the value of
colourCorrectionX[ i ], for i in the range of 0 to colourCorrectionNumVal - 2, inclusive.

6.3.8.4 colourCorrectionY - Colour Correction y values

1

This variable indicates the y; values of the colour correction curve. It shall be in the bounded range [0 to 0,125 — P

and in multiples of (1 + 16 384).

|

When colourCorrectionX[ 0] is greater than O, an initia linear segment shall be inferred that maps input val ues ranging
from 0 to colourCorrectionX[ 0], inclusive, to target values ranging from 0,125 — 161384
inclusive.

to colourCorrectionY[ 0],

When colourCorrectionX[ colourCorrectionNumVal - 1] isnot equal to 1, afinal linear segment shall be inferred that
maps input values ranging from colourCorrectionX[ colourCorrectionNumVal - 1] to 1, inclusive, to target values
ranging from colourCorrectionY[ colourCorrectionNumVal - 1] to O, inclusive.

6.3.9 Gamut mapping variables

6.3.9.1 Introduction

This clause specifies the semantics of the metadata used for the gamut mapping process (and its inverse process)
documented informatively in Annex D.

Theindex c of an array of variables that are defined in this clause represents an indicator specified as follows: the index
value ¢ equal to 0 should correspond to the red primary, ¢ equal to 1 should correspond to the magenta secondary, ¢
equal to 2 should correspond to the blue primary, ¢ equal to 3 should correspond to the cyan secondary, ¢ equal to 4
should correspond to the green primary, ¢ equa to 5 should correspond to the yellow secondary.

6.3.9.2 satMappingMode - Saturation mapping mode

This variable indicates the mode of chrominance (re)mapping (a.k.a. saturation expansion or compression) used by the
gamut mapping process. The value of satMappingMode shall be in the bounded range of [0 to 2] and as defined in
Table17.
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Table 17: Chroma (re)mapping (saturation mapping) mode

Value of satMappingMode Definition
0 Saturation mapping disabled
1 Saturation mapping with global
parameters

Saturation mapping defined for each
primary and secondary colour
3 Reserved for future use

6.3.9.3 satGloballSegRatio

This variable specifies the WCG and SCG chrominance coordinates of the first inflection point of the three piece-wise
linear expansion or compression curve. This variable shall be invoked only when satMappingMode isequal to 1. The
value of satGlobal1SegRatio shall bein the bounded range [0 to (7 = 8)] and in multiples of (1 + 8).

6.3.9.4 satGlobal2SegRatioWCG

This variable specifies the WCG chrominance coordinates of the second inflection point of the three piece-wise linear
expansion or compression curve. This variable shall be invoked only when satMappingMode is equal to 1. The value of
satGlobal2SegRatioWCG shall be in the bounded range [(7 + 64) to (56 + 64)] and in multiplesof (7 + 64).

6.3.9.5 satGlobal2SegRatioSCG

This variable specifies the SCG chrominance coordinates of the second inflection point of the three piece-wise linear
expansion or compression curve. This variable shall be invoked only when satMappingMode is equal to 1. The value of
satGlobal2SegRatioSCG shall be in the bounded range [(7 + 64) to (56 + 64)] and in multiples of (7 + 64).

6.3.9.6 satlSegRatio

This array of six variables specifies the WCG and SCG chrominance coordinates of the first inflection point of the three
piece-wise linear expansion or compression curve. This array shall be invoked only when satMappingMode is equal to
2. The value of sat1SegRatio[ ¢ ] shall be in the bounded range [0 to (7 + 8)] and in multiples of (1 + 8).

6.3.9.7 sat2SegRatioWCG

This array of six variables specifies the WCG chrominance coordinates of the second inflection point of the three piece-
wise linear expansion or compression curve. Thisarray shall be invoked only when satMappingMode isequal to 2. The
value of sat2SegRatioWCG][ c ] shall be in the bounded range [(7 + 64) to (56 + 64)] and in multiples of (7 + 64).

6.3.9.8 sat2SegRatioSCG

This array of six variables specifies the SCG chrominance coordinates of the second inflection point of the three piece-
wise linear expansion or compression curve. Thisarray shall be invoked only when satMappingMode isequal to 2. The
value of sat2SegRatioSCGJ ¢ ] shall be in the bounded range [(7 + 64) to (56 + 64)] and in multiples of (7 + 64).
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6.3.9.9 lightnessMappingMode

This variable indicates the mode of lightness (re)mapping used by the gamut mapping process. The value of
lightnessMappingMode shall be in the bounded range of [0 to 3] and as defined in Table 18.

Table 18: Lightness (re)mapping mode

Value of lightnessMappingMode Definition

0 Lightness (re)mapping disabled

1 Lightness (re)mapping applied to

each primary and secondary colour
Lightness (re)mapping applied to the
warm colours

Lightness (re)mapping with weighting
3 factor applied to each primary and
secondary colour

2

6.3.9.10 ImWeightFactor

Thisarray of six variables specifies the weight to be applied to each primary and secondary colour during the lightness
(re)mappping process. This array shall be invoked only when lightnessMappingMode isequal to 3. The value of
ImWeightFactor[ ¢ ] shall be in the bounded range [(—1 =+ 4) to (6 + 4)] and in multiples of (1 + 4).

6.3.9.11 croppingModeSCG

This variable indicates the cropping mode of the SCG used by the gamut mapping process (or itsinverse process). The
value of croppingModeSCG shall be in the bounded range of [0 to 3] and as defined in Table 19.

Table 19: SCG cropping mode

Value of croppingModeSCG Definition
0 SCG cropping disabled
SCG cropping applied to each

L primary and secondary colour
5 SCG cropping applied to the cold
colours
SCG cropping with weighting factor
3 applied to each primary and

secondary colour

6.3.9.12 cmWeightFactor

Thisarray of six variables specifies the weight to be applied to each primary and secondary colour during the SCG
cropping process. This array shall be invoked only when croppingModeSCG is equal to 3. The value of
cmWeightFactor[ ¢ ] shall be in the bounded range [0 to (63 + 64)] and in multiples of (9 + 64).

6.3.9.13 cmCroppedLightnessMappingEnabledFlag

This flag indicates whether the lightness (re)mapping is applied on the cropped SCG or not. When
cmCroppedLightnessMappingEnabledFlag is equal to 0, it indicates that the lightness (re)mapping is not applied on
the cropped SCG. When cmCroppedLightnessMappingEnabledFlag isequal to 1, it indicates that the lightness
(re)mapping is applied on the cropped SCG. Thisflag shall be invoked only when croppingModeSCG is greater than O.
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6.3.9.14 hueAdjMode

This variable indicates the mode of hue (re)mapping (a.k.a. hue adjustment) used by the gamut mapping process (or its
inverse process). The value of hueAdjMode shall be in the bounded range of [0 to 3] and as defined in Table 20.

Table 20: Hue (re)mapping (hue adjustment) mode

Value of hueAdjMode Definition
0 Hue adjustment disabled
1 Global linear hue adjustment method

Piece-wise hue adjustment with
globally preserved area

Piece-wise hue adjustment with

3 preservation of areas per primary and

secondary colours

2

6.3.9.15 hueGlobalPreservationRatio

This variable indicates the global preservation percentage for the hue (re)mapping. This variable shall be invoked only
when hueAdjMode is equal to 2. The value of hueGlobalPreservationRatio shall be in the bounded range
[Oto (7 + 8)] and in multiples of (1 + 8).

6.3.9.16 huePreservationRatio

Thisarray of six variables indicates the preservation ratio to be applied to each primary or secondary colour during the
hue (re)mapping process. This array shall be invoked only when hueAdjMode is equal to 3. The value of
huePreservationRatio[ ¢ ] shall bein the bounded range [0 to (7 + 8)] and in multiples of (1 = 8).

6.3.9.17 hueAlignCorrectionPresentFlag

Thisflag indicates the presence of hue correction parameters for each primary and secondary colour. A value of
hueAlignCorrectionPresentFlag equal to O indicates that the parameters are not present. A value of
hueAlignCorrectionPresentFlag equal to 1 indicates that the parameters are present. This flag shall be invoked only
when hueAdjMode is greater than 0.

6.3.9.18 hueAlignCorrection

Thisarray of six indices indicates the hue correction angle associated to each primary or secondary colour during the
hue (re)mapping process. This array shall be invoked only when hueAlignCorrectionPresentFlag isequal to 1 and
hueAdjMode is greater than 0. The value of hueAlignCorrection[ ¢ ] shall bein the integer bounded range [0 to 7].

6.3.9.19 chromAdjPresentFlag

This variable indicates the presence of chrominance adjustment mapping parameters for each primary and secondary
colour during the hue (re)mapping process. This flag shall be invoked only when hueAdjMode is greater than 0. A
value of chromAdjPresentFlag equal to O indicates that the parameters are not present. A value of
chromAdjPresentFlag egqual to 1 indicates that the parameters are present.

6.3.9.20 chromAdjParam

Thisarray of six indicesindicates values for tuning the chrominance adjustment parameters associated to each primary
or secondary colour during the hue (re)mapping process. This array shall be invoked only when chromAdjPresentFlag
isegual to 1 and hueAdjMode is greater than 0. The value of chromAdjParam| ¢ ] shall be in the bounded range

[(15 = 16) to (18 =+ 16)] and in multiples of (1 + 16).
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7 HDR signal reconstruction process

7.1 Input streams

The input stream is composed of a decoded SDR video stream and associated dynamic metadata that are combined to
reconstruct an HDR video signal. The dynamic metadata can be conveyed thanks to two mutually exclusive modes: a
parameter-based mode (payloadMode 0) and a table-based mode (payloadMode 1). Concerning ITU-T or ISO/IEC
based video codecs, both payload carriage modes are carried by the SL-HDR Information SEI message specified in the
present document, that isa User Data Registered SEI message. The HDR reconstruction process is described in this
clause. This process employs syntax element specified in clause 6.2 and retrieved from parsed dynamic metadata
stream. Semantics attached to the syntax elementsis provided in clause 6.3.

7.2 Reconstruction process of the HDR stream

7.2.1 Introduction

This clause specifies the reconstruction process enabling the generation of an HDR picture from an SDR picture with
associated dynamic metadata.

This processis defined for full range SDR picture signal (as defined in SMPTE RP 2077 [i.6]). For SDR picture defined
as narrow-range signal, an (unspecified) conversion to full range process shall be applied first (e.g. as specified in
SMPTE RP 2077 [i.6] or Recommendation ITU-R BT.2100 [i.7]). This process assumes that the SDR picture signal is
represented with a bit depth of 10-bit per component. For SDR picture represented with a different bit depth, an
(unspecified) conversion to 10-hit signal shall be applied first.

The process depicted in Figure 3 can be summarized as follows.

. From the input metadata conveyed in either payloadMode 0 or 1, aluma-related look-up table, lutMapY, is
derived (see clause 7.2.3.1).

. Similarly, from the input metadata conveyed in either payloadMode O or 1, a colour correction look-up table,
1utCC, isderived (see clause 7.2.3.2).

e  Thenext step, described in clause 7.2.4, consists of applying the SDR-to-HDR reconstruction from the input
SDR picture, the derived luma-related |ook-up table and colour correction look-up table. This process
produces an output linear-light HDR picture.

e Anoptional inverse gamut mapping can be applied when the colour gamut and/or colour space of the SDR
picture (as specified by the variable sdrPicColourSpace) and of the HDR picture (as specified by the variable
hdrPicColourSpace) are different. An invertible gamut mapping process is documented in Annex D, which
parameters can be carried when gamutMappingMode is equal to 1 and when sdrPicColourSpace islessthan
hdrPicColourSpace.

SDR picture

Derivaton | e

lutMap¥Y Inverse
dynamic (S rﬁ?;:g_:l?g] - gamut - HDR picture
metadata —— E— mapping
variables

Derivation

L |

lutCC

Figure 3: Overview of the HDR reconstruction process

In the next clauses, the variables picWidth, picHeight and maxSampleVal are defined as follows:
o picWidthand picHeight are the width and height, respectively, of the SDR picture (e.g. as specified by the

syntax elements pic_width_in_luma_samples and pic_height_in_luma_samples inthe HEVC
specification [4]);
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e maxSampleValisequal to 2'%i.e. 1 024.

7.2.2 Selecting a reconstruction mode

Clause 7.2.3 describes the processing step to construct luminance mapping and colour correction tables that are used as
inputs to the HDR stream reconstruction process. The HDR reconstruction process operates on |ook-up tables
reconstructed from variables (payloadMode 0) specified in clauses 7.2.3.1 and 7.2.3.2 or derived from coded look-up
tables (payloadMode 1) specified in clauses 7.2.3.3 and 7.2.3.4. The HDR picture reconstruction process specified in
clause 7.2.4 is common to both modes (payloadMode 0 and 1).

7.2.3 Luminance mapping and colour correction tables construction

7.23.1 Luminance mapping table construction from variables (payloadMode 0)

7.2.3.1.1 Introduction

The luminance mapping table construction for payloadMode 0O derives a 1D look-up table /utMapY from the luminance
mapping variables as described in clause 6.2.5.

This process takes as inputs:
e  the HDR picture characteristics variable hdrDisplayMaxLuminance (clause 6.3.3.4);

. the luminance mapping variables tminputSignalBlackLevelOffset, tmInputSignalWhiteLevel Offset,
shadowGain, highlightGain, midToneWidthAdjFactor, tmOutputFineTuningNumVal,
tmOutputFineTuningX[ i ] and tmOutputFineTuningY[i] (clause 6.3.5).

The process generates as output:

e theluminance mapping look-up table /utMapY of maxSampleVal entries.

7.2.3.1.2 Overview of the computation of lutMapY

The look-up table /utMap¥] Ypost: [, for lumavalues Ypostz = 0..( maxSampleVal - 1), implements an inverse tone
mapping function. The inverse tone mapping processis shown in Figure 4.

For any Yposez in 0..( maxSampleVal - 1), the lutMapY] Y051 ] 1S derived by applying the following steps:

. Yoosez 1S converted viathe linear-light domain to the perceptually uniform domain (uniform luminance), based
on the assumption that SDR picture is graded on a mastering display with maximum display mastering
luminance equal to 100 cd/m?, by invoking clause 7.2.3.1.3, with Ypesz @sinput and Yyus as output.

e  Theinversefinetuning processis applied by invoking clause 7.2.3.1.4, with Y,.s, the variables
tmOutputFineTuningNumVal, tmOutputFineTuningX[ i ] and tmOutputFineTuningY[i ], for
i=0..(tmOutputFineTuningNumVal - 1) asinputsand ¥zas output.

. The inverse tone mapping curve is applied by invoking clause 7.2.3.1.5, with Yz, the variables shadowGain,
highlightGain, midToneWidthAdjFactor and hdrDisplayMaxLuminance asinputs, and Yaq as output.

e  Theinverse black and white level offsets are applied by invoking clause 7.2.3.1.6, with Y.4;, the variables
tminputSignalBlackLevelOffset and tmInputSignalWhiteLevelOffset asinputs, and ¥»w as output.

. Thesignal Yswis processed through a gain limiter by invoking clause 7.2.3.1.7, with Ysw and Yous asinputs,
and Yeim as output. A choice is made between limiting Yz or passing it on unchanged, based on the value of
the variable tmInputSignalBlackLevelOffset.

e  Thesignal Yainisconverted back to the linear-light domain based on the maximum display mastering
luminance, by invoking clause 7.2.3.1.8, with Y= and the variable hdrDisplayMaxLuminance as inputs, and
Yy as output.

e  Thefinal output /utMapY] Ypos: ] is derived from the variable ¥ by invoking clause 7.2.3.1.9.
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mastering display

SDR'dlspIay tone mapping output fine local slope black/white level j
luminance tuning function adjustment offset max luminance
100 cd/m? g ! SMPTE ST 2086

Yoostt | ¢ perceptual | Yrus | Adjustment Vi In\r:?;sei:?ne _ Yag Bla::::uevlhne - To linear
uniform signal curve pping - signal
curve adaptation
Y
Ypu
" »| Gain limiter Yo
Switch position in gain limiter depends Inverse
on value of EOTF
tminputSignalBlackLevelOffset Y giim
lutMap Y| Yposts |

Figure 4. Inverse tone mapping process

The blocks shown in Figure 4 are specified in detail in the clauses 7.2.3.1.3t0 7.2.3.1.9.

7.2.3.1.3 Block "To perceptual uniform signal”
This process takes as input:

. the lumavalue Yost1.
The process generates as output:

e  theperceptua uniform value Yus.

In the first step, ¥Yposez, Wwhich is a Recommendation ITU-R BT.1886 [8] compatible luma signal, shall be taken to the
power y= 2,4 to yield the linear-light signal ¥z see equation (1).

Y, = (e )™ M

maxSampleVal —1

In the second step, the inverse EOTF, v(x, y), shall be performed on x =Y, where v(x, y) isthe perceptually uniform
colour component, when applied to the linear components, x, normalized to 0..1, where 1 corresponds to a maximum

display mastering luminance of an SDR mastering display Lspx of 100 cd/m?, and using y = 2,4, in order to get the
perceptually uniform signal ¥,us, See equations (2) up to and including (4).

1
1°g10<1 +(p()-1)xx ﬁ)

YY) = T G @
P =1 +@33- 1 x () 3
Yous = v(Y3, Lspg) (4)
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7.2.3.1.4 Block "Adjustment curve"
This process takes as inputs:
e  theperceptua uniformvalue Vs ;

. the variables tmOutputFineTuningNumVal, tmOutputFineTuningX[ i ] and tmOutputFineTuningY[i], for
i=0..( tmOutputFineTuningNumVal - 1) (clause 6.2.5).

The process generates as output:
° the corrected value Yz.

In this block, the input signal Y,us shall be corrected by the inverse of the ToneMappingOutputFineTuningFunction
function which is derived by invoking clause 6.2.5 with the parameters tmOutputFineTuningNumVal,
tmOutputFineTuningX[ i ] and tmOutputFineTuningY[i] asinputs, in order to get ¥z, see equation (5).

The ToneMappingOutputFineTuningFunction function frum( ), iS a piecewise linear function; see clause 7.3 for the
computation of fum( ) from thelist of points.

The samples explicitly defining the ToneMappingOutputFine TuningFunction function shall be the pairs
tmOutputFineTuningX[ i ], tmOutputFineTuningY[ i ], in the structure luminance_mapping_variables( ) of the
reconstruction metadata as specified in clause 6.2.5, possibly extended with a point at the start and/or at the end, as
specified in clause 6.3.5.9.

-1
Yous)) 0=V <1
th — {fftlum ( pus) pus (5)

Yous: otherwise

NOTE: Theinverse of the ToneMappingOutputFine TuningFunction function, frux1( ), can be obtained by
swapping the x and y values of the given{ x;, yi } pairsin the structure luminance_mapping_variables()
of the reconstruction metadata as specified in clause 6.2.5.

7.2.3.1.5 Block "Inverse tone mapping curve"
This process takes as inputs:
e thecorrected value Yz ;
e thevariablesshadowGain, highlightGain, midToneWidthAdjFactor (clause 6.2.5);
. the variable hdrDisplayMaxLuminance (clause 6.3.3.4).
The process generates as output:
. the inverse tone-mapped value, in linear-light domain, Yag.

In this block, the input signal ¥z shall be converted by an inverse tone mapping curve to the output signal Yaq; according
to equations (6) up to and including (14).

Yadj =TMO;y, (Y}t) (6)

The inverse tone mapping curve 7M0O;uy is built from variables shadowGain (= base gain), midToneWidthAdjFactor
(= parabola part), and highlightGain (= differential gain at the end). The basics of the curve for 7M0;,, are explained in
Figure5.
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Figure 5: Inverse tone mapping curve shape

The curve has 3 shape parameters.

Parameter #1 is the base gain. This determines the brightness for most of the image except the highlights. It shall be
determined by the variable shadowGain in the structure luminance_mapping_variables( ) of the reconstruction metadata
(clause 6.2.5).

Parameter #2 is the highlight differential gain. This determines how much of the detailsin highlightsis preserved, at the
cost of the peak brightness. It shall be determined by the variable highlightGain in the structure
luminance_mapping_variables( ) of the reconstruction metadata (clause 6.2.5).

Lines#1 and #2 intersect, and together they form a hard-clipping curve. If thisis not desired then a parabola segment
can be inserted, and thisis symmetrical with respect to the original intersection point of the 2 lines.

Parameter #3 isthe width of the parabolic segment. It shall be determined by the variable midToneWidthAdjFactor in
the structure luminance_mapping_variables( ) of the reconstruction metadata (clause 6.2.5).

(ixx' 0<x<xg5¢
=T
TMO;p,(x) = { ~ 2a T Xsgc < X < Xpgc @)
|H+;C><(x—1)+1' Xpee <x < land HGC # 0
L x =1and HGC = 0

NOTE 1: Dueto the limitation on shadowGain, see clause 6.3.5, SGC> 0,5 for Lupg > 100 cd/m2.
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(a = 0, 5 % SGC—-HGC
| para
b= 1-HGC SGC+HGC
{ para 2 (8)
Ik __ (s6c-HGO)xpara—2x(1- HGC))?

8X(SGC—HGC)xpara

NOTE 2: If paraequals 0, xsecwill equal xuec and the values of a, b and ¢ are not needed.

NOTE 3: Dueto the limitations on highlightGain and shadowGain, see clause 6.3.5, HGC< 0,5 and SGC> 0,5 for
Lupr > 100 cd/mz2.

_ 1-HGC __para

Xsgc = SGC X (SGC—HGC 2 ) )
_ 1-HGC para

Xpoe = HGC % (SGC_HGC T 1) +1
exposure = M +0,5 (20)

. L
expgain = v (ﬁ,LSDR) (12)
where:

° Lspr shall be taken as 100 cd/m?; and

. Lrpr, shall be the maximum display mastering luminance, equal to the variable hdrDisplayMaxLuminance in
the structure hdr_characteristics( ) of the reconstruction metadata (clause 6.3.3.4).

SGC = expgain X exposure (12
HGC = highlig4htGain ( 13)
para = midToneWi(;thAdiFactor (1 4)
7.2.3.1.6 Block "Black/white level adaptation”

This process takes as inputs:

e theinversetone-mapped value, in linear-light domain, Yaq;

. the variables tmInputSignalBlackLevel Offset and tminputSignalWhiteLevelOffset.
The process generates as output:

. the stretched value Yy .

In this block, the input signal Y.q; shall be adapted by the black and white stretch in order to derive the output signal
Yiw, See equation (15).

255XTMWLO  255XTMBLO
Y =1 - - XY +
bw = ( 510 2040 ) X Yaaj

255XTMBLO
2040

(15

where:

o TMBLO shall be equa to the variable tminputSignalBlackLevel Offset in the structure
luminance_mapping_variables( ) of the reconstruction metadata (clause 6.2.5); and

. TMWLO shall be equal to the variable tminputSignalWhiteLevel Offset in the structure
luminance_mapping_variables( ) of the reconstruction metadata (clause 6.2.5).
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7.2.3.1.7 Block "Gain limiter"
This process takes as inputs:

. the value Y from clause 7.2.3.1.6;

e  thevalue ¥,usfrom clause 7.2.3.1.3;

. the variabletmInputSignalBlackLevel Offset in the structure luminance_mapping_variables( ) of the
reconstruction metadata (clause 6.2.5);

° the variable hdrDisplayMaxLuminance in the structure hdr_characteristics( ) of the reconstruction metadata
(clause 6.3.3.4).

The process generates as output:
. the value Yim.

In this block, a choice is made between limiting Y. or passing it on unchanged, based on the value of the variable
tminputSignalBlackLevel Offset.

When the value of the variable tmInputSignalBlackLevelOffset isequal to O, the output Yz of thisblock shall be the
value Yow.

When the value of the variable tminputSignalBlackLevelOffset is not equal to O, the value Yzw shall be corrected for
minimum gain based on the maximum display mastering luminance Lxpz, which is equal to the variable
hdrDisplayMaxLuminance in the structure hdr_characteristics( ) of the reconstruction metadata (clause 6.3.3.4), the
maximum display mastering luminance of an SDR mastering display Zspz of 100 cd/m?, and using Yp.s from

clause 7.2.3.1.3, see equations (16) and (17).

Yeiim = MI'II(wa,' Yous + g) (16)
g =v(0,1 + Lgpg, Lspr) + v(1 + Lypg, Lupr) (17)

with theinverse EOTF, v(x, y), taken from eguation (2).

7.2.3.1.8 Block "To linear signal”
This process takes as inputs:

. the gain limited value Ygim;

e thevariable hdrDisplayMaxLuminance (clause 6.3.3.4).
The process generates as output:

e thelinear-light value Y.

In this block the computation of the value ¥y, the input signal Yz shall be converted from the perceptually uniform
domain to the linear-light domain output value ¥y, using the EOTF, vixv(x,y7) and shall be based on the maximum
display mastering luminance Lupr, which is equal to the variable hdrDisplayMaxLuminance in the structure
hdr_characteristics( ) of the reconstruction metadata (clause 6.3.3.4), see equations (18) and (19).

X_q\ 24
Vine () = (B2T) (18)
Y, = vinv(Yglim' Lypr) (19)
7.2.3.1.9 Block "Inverse EOTF"

This process takes as inputs:
. the linear-light value Y ;

e thevariableskCoefficient[ i ] (clause 6.2.2).
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The process generates as output:
. the value lutMap¥/ Yyost: .

In this block, an inverse EOTF is applied to the value Y in order to compute the value of /utMapY/ Ypost:1 |, see
equation (20).

1

utMapY | Ypost1 | = Yi? (20)
where:
. If kCoefficient[i]=0forali € [0,2],y =24

. Otherwise, y = 2,0 + 0,4 X (1 — modFactor)

where:
- modFactor = 1, if the (optional) display adaptation of clause E.2 is not used;
- modFactor is determined by equation (E.20), if the display adaptation of clause E.2 is used.
7.2.3.2 Colour correction table construction from parameter-based mode

(payloadMode 0)

The colour correction table construction for payload mode O derives a 1D look-up table /utCC from the colour
correction adjustment variables specified in clause 6.2.6.

This process takes as inputs:

. the colour correction adjustment variables saturationGainNumVal, saturationGainX[ i ] and
saturationGainY[i] (clause 6.2.6).

The process generates as output:
. the colour correction look-up table /utCC of maxSampleVal entries.
lutCC[0] = 0,125 (21

For each lumavalue Yin 1..( maxSampleVal- 1), lutCC|[ Y] isderived as follows:

1
lutCClY] = Min | lutCC|[0]; X L(Y, 22
utCClY] m<u [0] Har{Rogy 2755  Rogyxg () (n)> (22)
where:
Y
¢ Yn - maxSampleVal — 1
o L(x)= L

(maxSampleVal — 1) X x;
o gV = fsgr(Yy) X modFactor + (1 —modFactor) + Ry |
where:
- modFactor = 1, if the (optional) display adaptation of clause E.2 is not used;

- modFactor is determined by equation (E.20), if the display adaptation of clause E.2 is used.

e  Thesaturation gain function f,, () is derived from the piece-wise linear pivot points defined by the variables
saturationGainX[ i ] and saturationGainY[i], for i=0..( saturationGainNumVal - 1), see clause 7.3. When

saturationGainNumVal isequal t0 0, f;r() = 1+ Rygy.

. Rsr= 2 in the present document.
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7.2.3.3 Luminance mapping table retrieval (payloadMode 1)

This process derives, for payload mode 1, a 1D look-up table /utMapY from the luminance mapping variables specified
inclause 6.2.7.

This process takes as inputs:

. the luminance mapping table variables luminanceMappingNumVal, luminanceMappingX[ i ] and
luminanceMappingY[i].

The process generates as output:
. the luminance mapping table /utMapY of maxSampleVal entries.

The variables luminanceMappingX[ i ] and luminanceMappingY[i], for i=0..(luminanceMappingNumVal - 1),
correspond to piece-wise linear pivot points representative of the curve fiuma( ) used to derive the look-up table /utMapY.
See clause 7.3 for the computation of fiuma( ) from thelist of points.

For any YinO..( maxSampleVal- 1), lutMapY| Y] isderived asfollows:

utMapY [ Y] = fiuma (;) (23)

maxSampleVal—-1

7.2.3.4 Colour correction table retrieval (payloadMode 1)

The process derives, for payload mode 1, a 1D look-up table /utCC from the colour correction table as described in
clause 6.2.8.

This process takes as inputs:

. the colour correction table variables colourCorrectionNumVal, colourCorrectionX[ i ] and
colourCorrectionY[i].

The process generates as output:
. the colour correction table /utCC of maxSampleVal entries.

The variables colourCorrectionX[ i ] and colourCorrectionY[ i ], for i=0..( colourCorrectionNumVal - 1), correspond
to piece-wise linear pivot points representative of the curve faroma( ) Used to derive the look-up table /utCC. See
clause 7.3 for the computation of faroma() from the list of points.

For any Yin O..( maxSampleVal- 1), lutCC| Y] isderived asfollows:

wtCClY | = fenroma (4) (24)

maxSampleVal — 1

7.2.4 HDR picture reconstruction from look-up tables and SDR picture

The HDR reconstruction process generates the reconstructed HDR picture from the decoded SDR picture and the
luminance mapping and colour correction tables.

This process takes as inputs:

. an SDR picture made of two-dimensional arrays SDRy, SDRcy, SDRc-of width picWidth and height picHeight,
after applying on the decoded picture an (unspecified) upsampling conversion process to the 4:4:4 colour
sampling format, an (unspecified) samples conversion to full range and possibly an (unspecified) bit depth
conversion to 10 bits per component;

. the luminance mapping table /utMapY of maxSampleVal entries,

. the colour correction table /utCC of maxSampleVal entries,

e  thefour matrix coefficients variables matrixCoefficient[ i ] (clause 6.3.2.6);

. the two lumainjection variables chromaToLumalnjection[ i ] (clause 6.3.2.7);
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e thethree"k" coefficients variables kCoefficient[ i ] (clause 6.3.2.8);
. the HDR picture mastering display max luminance hdrDisplayMaxLuminance (clause 6.3.3.4).

The process generates as output:

. the decoded HDR 4:4:4 picture made of two-dimensional arrays HDRz, HDR:, HDRp of width picWidth and
height picHeight.

NOTE: Thefina conversion of the output HDR 4:4:4 RGB picture to the output format adapted to the rendering
deviceis not described in the present document.

The HDR reconstruction process performs the following successive steps for each pixel x = O..(picWidth - 1),
y = 0..(picHeight - 1).

. The variables Upos:z and Vposez are derived as follows:

{Upostl = SDR, [x][y] — midSampleVal

Vpost1 = SDR.[x][y] — midSampleVal (25)
where midSampleValis equal to 2°=512.
. The variable Yposez is derived as follows:
Yoost1 = SDRy [x][y] + Max(0;mug X Upgser + muy X Vposer ) (26)
where;
- muy =chromaToLumalnjection[ 0] X modFactor;
- mu; =chromaToLumalnjection] 1] X modFactor;
with:

" modFactor = 1, if the (optional) display adaptation of clause E.2 is not used,;
" modFactor is determined by equation (E.20), if the display adaptation of clause E.2 is used.
. The variable Yposezis derived from Yposez as follows:
Ypost2 = Clip3(0 ; maxSampleVal — 1; Yy45e1) (27)

L4 Uposez and Vpostz are derived from Upost1 and Vpostz @S follows:

{Upostz = lutCC[YpostZ] X Upostl

Vpostz = WtCC[Ypose2] X Vpostr (28)
e  Thevariables R;, G1, B1 are derived asfollows:
- the variable 7'is computed as follows:
T = ko X Upostz X Vposta + k1 X Uposez X Uposez + k2 X Viposta X Vpostz (29)

where k; =kCoefficient[i] X modFactor and i € [0, 2]

with:

" modFactor = 1, if the (optional) display adaptation of clause E.2 is not used,

" modFactor is determined by equation (E.20), if the display adaptation of clause E.2 is used;

- the variable Syisinitialized to 0, and the following applies:

- |f( TSl),SO = Vl - T, Upostj’:Upostzand Vpostj’z VpostZ

ETSI



44 ETSI TS 103 433-1 V1.3.1 (2020-03)

. Otherwise (7> 1), Upostz and Vposes are derived from Upostz and Vposz as follows:

Uppsts = Upost2
pos
T (30)
V. — post2
post3 VT
- Ri, Gi1, Brarederived asfollows:
R]_ 1 0 mo SO
G| = [1 my  my| X |Uposts (31)
B, 1 mg 0 Vpost3

where m; =matrixCoefficient[i] and i € [0, 3]
. The variables R, Gz, Bz are derived from Rz, G1, B: asfollows:

R, = lutMapY[Ypostz] X Ry)
G, = lutMapY[YpostZ] X Gy) (32)
B, = lutMapY[Ypostz] X By)

e  Theoutput samples HDRr[ x ][y ], HDRc[ x ][ ¥ ], HDRs[ x [[ y ] are derived from Rz, Gz, Bz asfollows:

HDRg[x][y] = Lypr X R;
HDR;[x1[y] = Lypr x Gj (33)
HDRp[x][y] = Lypr X B;

where:
- y = 2,4 if kCoefficient[i]=0for al i € [0, 2];
- y = 2,0+ 0,4 X (1 —modFactor) otherwise, with:
L] modFactor = 1, if the (optional) display adaptation of clause E.2 is not used;
" modFactor is determined by equation (E.20), if the display adaptation of clause E.2 is used;

- Laprisequal to hdrDisplayMaxLuminance.

7.3 Piecewise linear function computation

A piecewise linear function £(x) is specified by alist of { x; y;} pairs. f(x) shal be defined on the domain [0 to 1]. £(x)
shall be computed as specified in this clause.

The y = f(x) valuesthat are not in thelist of { x; y;} pairs shall be obtained through interpolation.

The default processing of y= £(x) shall be according to equation (34)

x=-x[i]

y=yll + O+ U-yiDx oo (34)
where;

e y=output value;

e  x=inputvalue;

e  y[i] =element y; inthelist;

e  x[i] = €element x; inthelist;

. i =index into thelist, such that x isintheinterval ( x[i], x[i + 1]).

ETSI



45 ETSI TS 103 433-1 V1.3.1 (2020-03)

Annex A (normative):
SL-HDR reconstruction metadata using HEVC

A.l Introduction

This annex specifies the format of the SEI message that carries the SL-HDR reconstruction metadatafor HEVC
specification [4] as well as the mapping between the syntax elements of this SEI message and the dynamic metadata
variables provided in clause 6. Clause A.2 specifies the SL-HDR Information SEI message that is a user data registered
SEI message. It aso specifies the mapping of the syntax elements values of the SL-HDRI SEI message into the
dynamic metadata variables values specified in clause 6. Clause A.3 specifies the mapping of HDR picture
characteristics when a Mastering Display Colour Volume SEI message (specified in HEVC) is present.

An HEV C bitstream conforming to this annex shall contain an SL-HDR Information SEI message (specified in
clause A.2) in thefirst access unit of the CLVS. It is recommended that an HEV C bitstream conforming to Annex A
contains an SL-HDR Information SEI message at |east at each random access point of the bitstreams.

An HEVC bitstream conforming to Annex A may contain a Mastering Display Colour Volume SEI message (specified
in HEV C specification [4]) for at least the first access unit of the CLVS.

A.2  SL-HDR Information SEI message definition and
mapping

A.2.1 Introduction

Clause A.2.2 specifies the format of the HEV C SEI message that carries the specification version, the characteristics of
the SDR and HDR signals, the payload mode and the related dynamic metadata. Clause A.2.3 specifies the mapping
between the SL-HDR metadata carried through a user data registered SEI message and the SL-HDR metadata specified
in clause 6 and invoked in the reconstruction process (clause 7).

A.2.2 SL-HDR Information SElI message

A.2.2.1 Introduction

The SL-HDR Information SEI message specified in clause A.2.2 appliesto ETSI TS 103 433-1 (the present document),
ETSI TS103433-2[i.12] and ETSI TS 103 433-3 [i.13] documents. SL-HDR Information SEI message shall be
wrapped in an HEV C "User data registered by Recommendation ITU-T T.35" SEI message as specified in clauses D.2.6
and D.3.6 of HEV C specification [4]. Clause A.2.2.2 specifiesthe SL-HDR Information SEI message syntax.

Clause A.2.2.3 specifies the syntax of the portion of the SL-HDR Information SEI message that relates to the gamut
mapping process. Clauses A.2.2.4 and A.2.2.5 respectively specifies the semantics of the SL-HDR Information SEI
message and the portion of this SEI message dedicated to the gamut mapping process.

A.2.2.2 SL-HDR Information SEI message syntax

The SL-HDR Information SEI message is an HEV C "User data registered by Recommendation ITU-T T.35" [i.10] SEI
message as specified in Table A. 1.
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Table A.1: sl_hdr_info SEI message syntax

Syntax Descriptor
sl_hdr_info( payloadSize ) {
itu_t t35 country code b(8)
terminal_provider_code u(16)
terminal_provider_oriented_code_message_idc u(8)
sl_hdr_mode_value_minusl u(4)
sl_hdr_spec_major_version_idc u(4)
sl_hdr_spec_minor_version_idc u(@)
sl_hdr_cancel_flag u(l)
if(!sl_hdr_cancel_flag) {
sl_hdr_persistence_flag u(®)
original_picture_info_present_flag u(®)
target_picture_info_present_flag u(1)
src_mdcv_info_present_flag u(l)
sl_hdr_extension_present_flag u(l)
sl_hdr_payload_mode u(3)
if(original_picture_info_present_flag ) {
original_picture_primaries u(8)
original_picture_max_luminance u(16)
original_picture_min_luminance u(16)
}
if( target_picture_info_present flag ) {
target_picture_primaries u(8)
target_picture_max_luminance u(16)
target_picture_min_luminance u(16)
}
if( src_mdcv_info_present flag ) {
for(c=0;c<3;ct+){
src_mdcv_primaries_x[ c] u(16)
src_mdcv_primaries_y[c] u(16e)
}
src_mdcv_ref white x u(1e)
src_mdcv_ref_white_y u(16)
src_mdcv_max_mastering_luminance u(16)
src_mdcv_min_mastering_luminance u(16e)
}
for(i=0;i<4;i++)
matrix_coefficient_value[i] u(16)
for(i=0;i<2;it++)
chroma_to_luma_injection[i] u(16)
for(i=0;i<3;i++)
k_coefficient_value[i] u(8)
if(sl_hdr_payload mode ==0){
tone_mapping_input_signal_black_level offset u(8)
tone_mapping_input_signal_white_level_offset u(8)
shadow_gain_control u(8)
highlight_gain_control u(8)
mid_tone_width_adjustment_factor u(8)
tone_mapping_output_fine_tuning_num_val u4)
saturation_gain_num_val u(4)
for(i=0; i <tone_mapping_output_fine_tuning_num_val; i++) {
tone_mapping_output_fine_tuning_x[i] u(8)
tone_mapping_output_fine_tuning_y[i] u(8)
}
for(i = 0; i < saturation_gain_num_val; i++) {
saturation_gain_x[i] u(8)
saturation_gain_y[i] u(8)
}
}
else if( sl_hdr_payload_mode ==1){
Im_uniform_sampling_flag u(l)
luminance_mapping_num_val u(?7)
for(i = 0; i < luminance_mapping_num_val; i++) {
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Syntax Descriptor
if(Im_uniform_sampling_flag )
luminance_mapping_x[i] u(16)
luminance_mapping_y[i] u(16)
}
cc_uniform_sampling_flag u(l)
colour_correction_num_val u(?)
for(i = 0; i < colour_correction_num_val; i++) {
if( !cc_uniform_sampling_flag )
colour_correction_x[i] u(16)
colour_correction_y[i] u(16)
}
}
if( GamutMappingEnabledFlag ) {
gamut_mapping_mode u(8)
if (gamut_mapping_mode = =1)
gamut_mapping_params( )
}
if( sl_hdr_extension_present flag) {
sl_hdr_extension_6bits u(6)
sl_hdr_extension_length u(10)
for(i=0;i<sl_hdr_extension_length; i++)
sl_hdr_extension_data_byte[i] u(8)
}
}
}

A.2.2.3 Gamut mapping syntax

The portion of the HEVC SL-HDR Information SEI message related to the invertible gamut mapping documented in

Annex D is specified in Table A.2.

Table A.2: gamut_mapping_params( ) syntax

Syntax Descriptor
gamut_mapping_params() {
sat_mapping_mode u(?)
if( sat_mapping_mode ==1){
sat_global 1seg ratio u(3)
sat_global 2seg_ratio_wcg u(3)
sat_global_2seg_ratio_scg u(3)
}
else if( sat_mapping_mode ==2){
for(c=0;c<6; c++){

sat_1seg ratio[c] u(3)

sat_2seg_ratio_wcg[c] u(3)

sat_2seg_ratio_scg[c] u(3)

}
}
lightness_mapping_mode u@)
if( lightness_mapping_mode = =3)

for(c =0; c <6;ct++)

Im_weight_factor[ c] u(3)
cropping_mode_scg u(2)
if(cropping_mode _scg==3)

for(c =0; c < 6; c++)

cm_weight_factor[c] u(3)

if( cropping_mode_scg !=0)

cm_cropped_Im_enabled_flag u(l)
hue_adjustment_mode u(?)
if( hue_adjustment_mode ==2)

hue_global_preservation_ratio u(3)
if( hue adjustment mode == 3)
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Syntax Descriptor
for(c =0; c <6;ct++)
hue_preservation_ratio[ c] u(3)
if(hue_adjustment_mode 1= 0) {
hue_adjustment_correction_info_present_flag u(®)

if(hue_adjustment_correction_info_present_flag )
for(c =0; c <6; ct++)
hue_alignment_correction[c] u(3)
chrom_adjustment_info_present_flag u(®)
if( chrom_adjustment_info_present_flag )
for(c =0; c <6; ct++)
chrom_adjustment_param][c ] u(2)

A.2.2.4 SL-HDR Information SEI message semantics

This SEI message provides information to identify the specification version number, the characteristics of the source,
decomposed and reconstructed signals, the payload mode and the dynamic metadata used by the SL-HDR systems.

itu_t_t35 country_code shall be equal to 0b10110101 (0xB5). This code designates United States of America.

terminal_provider_code contains an identifying number that is provided by an Administration or a national body to
register the SEI message. terminal_provider_code most significant byte shall be equal to 0b00000000 (0x00).
terminal_provider_code least significant byte shall be equal to 0b00111010 (0x3A).

terminal_provider_oriented_code_message_idc contains an identifying number to indicate the SEI message type.
terminal_provider_oriented_code _message idc shall be equal to 0b00000000 (0x00).

sl_hdr_mode_value_minus1 plus 1 specifiesthe ETSI TS 103 433 part the SL-HDR Information SEI message payload
appliesto. Thevalue of s_hdr_mode_value_minusl shall be in the range of 0 to 2, inclusive. In bitstreams conforming
to the present document, sl_hdr_mode_value_minusl shall be equal to 0.

sl_hdr_spec_major_version_idc contains an identifying number that is used to identify the specification version
number to which the associated bitstream conformsto. The value of sl_hdr_spec_major_version_idc shall bein the
range of 0 to 15, inclusive. In bitstreams conforming to the present document, sl_hdr_spec_major_version_idc shall be
equal to 1.

sl_hdr_spec_minor_version_idc contains an identifying number that is used to identify the specification version
number to which the associated bitstream conformsto. The value of dl_hdr_spec_minor_version_idc shall bein the
range of 0to 127, inclusive. In bitstreams conforming to the present document, sl_hdr_spec_minor_version_idc shall be
equal to 1.

sl_hdr_cancel_flag equal to 1 indicates that the SL-HDR Information SEI message cancels the persistence of any
previous SL-HDR Information SEI message in output order with the same value of d_hdr_mode value_minusl that
appliesto the current layer. sl_hdr_cancel_flag equal to O indicates that SL-HDR Information follows.

sl_hdr_persistence_flag specifies the persistence of the SL-HDR Information SEI message for the current layer.
s_hdr_persistence_flag equal to O specifies that the SL-HDR Information appliesto the current picture only.

Let picA bethe current picture. sl_hdr_persistence flag equal to 1 specifies that the SL-HDR Information persists for
the current layer in output order until either of the following conditionsis true:

e A new CLVSof the current layer begins.
. The bitstream ends.

. A picture picB in the current layer in an access unit containing a SL-HDR Information SEI message with the
same value of d_hdr_mode value_minusl and applicable to the current layer is output for which
PicOrderCnt( picB ) is greater than PicOrderCnt( picA ), where PicOrderCnt( picB ) and PicOrderCnt( picA )
are the PicOrderCntVal values of picB and picA, respectively, immediately after the invocation of the
decoding process for picture order count for picB.
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original_picture_info_present_flag egual to 1 specifies that original_picture_primaries,
origina_picture_max_luminance and original_picture_min_luminance are present. original_picture_info_present_flag
equal to 0 specifiesthat origina_picture_primaries, original_picture_max_luminance and
origina_picture_min_luminance are not present. original_picture info_present flag value shall be equal to 0 in
bitstreams conforming to the present document.

NOTE 1: origina_picture_info_present_flag and associated syntax elements provide information on the original
picture that was graded on the HDR mastering display during the post-production stage. This information
isintended to be useful in case the source picture that is coded in the bitstream has different
characteristics than the original picture (typically, the maximum |luminance information).

target_picture_info_present_flag equal to 1 specifiesthat target_picture primaries, target_picture_max_luminance
and target_picture_min_luminance are present. target_picture_info_present_flag equal to O specifies that
target_picture_primaries, target_picture_max_luminance and target_picture_min_luminance are not present.

NOTE 2: target_picture_info_present_flag and associated syntax elements provide information on the SDR picture
that was graded on the SDR mastering display during the post-production stage.

src_mdcv_info_present_flag equal to 1 specifiesthat src_mdecv_primaries x[ ¢], src_mdecv_primaries y[ c],
src_mdev_ref_white x, src_mdcv_ref _white y, src_mdcv_max_mastering_|uminance and
src_mdcv_min_mastering_luminance are present. src_mdcv_info_present_flag equal to O specifies that
src_mdcv_primaries X[ ¢], src_mdcv_primaries y[ c], src_mdcv_ref_white X, src_mdcv_ref_white y,
src_mdcv_max_mastering_luminance and src_mdcv_min_mastering_luminance are not present.

NOTE 3: The actual intent for providing src_mdcv_info_present_flag and the associated syntax elementsin the
bitstream isto assist SL-HDR decoding systems to properly interpret the colour volume of the source
picture when a Mastering Display Colour Volume SEI message is already used by a bitstream that was
not generated by SL-HDR encoding systems. It is recommended to set src_mdcv_info_present_flag equal
to 1 so that SL-HDR information is fully contained in the SL-HDR Information SEI message.

When a Mastering Display Colour Volume SEI message and a SL-HDR Information SEI message with
src_mdev_info_present_flag equal to 1 are both present in the same CLV'S, SL-HDR decoding systems shall use the
value of the syntax elements enabled by src_mdcv_info_present_flag during the reconstruction process.

When an MDCV SEI message is not present with an SL-HDR Information SEI message in the same CLVS,
src_mdcv_info_present_flag shall be equal to 1.

When src_mdcv_info_present_flag is equal to 0, an MDCV SEI message shall be present in the CLVS.

sl_hdr_extension_present_flag equal to 1 specifiesthat sl_hdr_extension_6bits, sl_hdr_extension_length and
d_hdr_extension_data byte] i ] are present. d_hdr_extension_present_flag equal to O specifies that
d_hdr_extension_6hits, sl_hdr_extension_length and d_hdr_extension_data_byte] i ] are not present.
s_hdr_extension_present_flag shall be equal to 0 in bitstreams conforming to the present document.

sl_hdr_payload_mode contains an identifying number that is used to identify the payload mode (as described in
clause 6.3.2.5) to which the associated bitstream conformsto. The value of d_hdr_payload _mode shall be in the range
of 0to 1, inclusive.

NOTE 4: Parameter-based mode isindicated by d_hdr_payload mode value equal to 0. Table-based modeis
indicated by sl_hdr_payload _mode value equal to 1.

original_picture_primaries has the same semantics as specified in clause E.3.1 of HEV C specification [4] for the
colour_primaries syntax element. The value of original_picture_primaries shall be equal to 1 (Rec. 709 primaries),
9 (Rec. 2020 primaries) or 12 (P3D65). original_picture_primaries indicates the colour primaries of the mastering
display for the original picture. Decoders that comply with the present document shall ignore the value of
original_picture_primaries.

original_picture_max_luminance has the same semantics as specified in clause D.3.28 of HEV C specification [4] for
the max_display_mastering_luminance syntax element, except that the value is coded in units of 1 candela per square
metre. original_picture_max_luminance applies to the origina picture. Decoders that comply with the present document
shall ignore the value of original_picture_max_luminance.
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original_picture_min_luminance has the same semantics as specified in clause D.3.28 of HEV C specification [4] for
the min_display_mastering_luminance syntax element i.e. the value is coded in units of 0,0001 candelas per square
metre. original_picture_min_luminance applies to the original picture. Decoders that comply with this version of the
present document shall ignore the value of original_picture_min_luminance.

target_picture_primaries has the same semantics as specified in clause E.3.1 of HEV C specification [4] for the
colour_primaries syntax element, except that target_picture_primaries identifies the colour space of the target picture
rather than the colour space used for the CLV S. The value of target_picture_primaries shall be equal to 1 (Rec. 709
primaries) or 9 (Rec. 2020 primaries).

target_picture_max_luminance has the same semantics as specified in clause D.3.28 of HEV C specification [4] for
the max_display_mastering_luminance syntax element, except that the value is coded in units of 1 candela per square
metre. target_picture_max_luminance appliesto the target picture. When target_picture_max_luminance is not present,
it isinferred to be equal to 100. In bitstreams conforming to the present document, target _picture_max_luminance value
shall be equal to 100.

target_picture_min_luminance has the same semantics as specified in clause D.3.28 of HEV C specification [4] for the
min_display_mastering_luminance syntax element i.e. the value is coded in units of 0,0001 candelas per square metre.
target_picture_min_luminance applies to the target picture. When target_picture_min_luminance is not present, it is
inferred to be equal to 0. In bitstreams conforming to the present document, target_picture_min_luminance value shall
be equal to 0.

src_mdcv_primaries_x[i]and src_mdcv_primaries_y[ i ] have the same semantics as specified in clause D.3.28 of
HEV C specification [4] for the display_primaries x[ ¢] and display_primaries_y[ c] syntax elementsi.e. the valueis
coded in normalized increments of 0,00002, according to CIE 1931 definition of x and y. It appliesto the associated
source picture.

src_mdcv_ref_white_x and src_mdcv_ref_white_y have the same semantics as specified in clause D.3.28 of HEVC
specification [4] for the white_point_x and white_point_y syntax elementsi.e. the value is coded in normalized
increments of 0,00002, according to CIE 1931 definition of x and y. It applies to the associated source picture.

src_mdcv_max_mastering_luminance has the same semantics as specified in clause D.3.28 of HEV C specification
[4] for the max_display_mastering_luminance syntax element, except that the value is coded in units of 1 candela per
square metre. It applies to the associated source picture. The value of src_mdcv_max_mastering_luminance shall be
greater than or equal to 125 candela per square metre.

src_mdcv_min_mastering_luminance has the same semantics as specified in clause D.3.28 of HEV C specification [4]
for the min_display_mastering_luminance syntax element, i.e. the value is coded in units of 0,0001 candelas per square
metre. It appliesto the associated source picture.

NOTE 5: src_mdcv_max_mastering_luminance and src_mdcv_min_mastering_|luminance semantics are aligned
with CTA-861-G [i.1] definitions of max_display mastering_luminance and
min_display_mastering_luminance, respectively.

matrix_coefficient_value[ i ] specifies the value of thei-th coefficient used to compute the Y'C',C', to RG'B’
conversion matrix in the SL-HDR reconstruction process. The value of matrix_coefficient_value| i ] shall beinthe
range of 0to 1023, inclusive.

chroma_to_luma_injection[ i ] indicates the ratio of the blue and red colour difference components injection into the
luma component with i set to 0 or 1, respectively. The value of chroma_to_luma_injection[ i ] shall bein the range of 0
to 8 191, inclusive.

k_coefficient_value[ i ] specifies the value of the i-th coefficient used to compute the variable T (see clause 7.2.4) in the
SL-HDR reconstruction process. The value of k_coefficient_value[ 0] shall bein the range of 0 to 63, inclusive. The
value of k_coefficient_valug[ 1] shall be in the range of 0 to 127, inclusive. The value of k_coefficient_value[ 2] shall
bein the range of 0 to 255, inclusive.

tone_mapping_input_signal_black_level_offset indicates the black level offset to be subtracted during the SL-HDR
reconstruction process. The value of tone_mapping_input_signal_black level offset shall be in the range of 0 to 255,
inclusive.

tone_mapping_input_signal_white_level_offset indicates the white level offset used to calculate the gain of the
signal as a second step in the luminance mapping curve reconstruction process. The val ue of
tone_mapping_input_signal_white level offset shall be in the range of 0 to 255, inclusive.
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shadow_gain_control indicates the adjustment to the shadow (darker) region of the luminance mapping curve. The
value of shadow_gain_control shall be in the range of 0 to 255, inclusive.

highlight_gain_control indicates the adjustment to the highlight (brighter) region of the luminance mapping curve. The
value of highlight_gain_control shall be in the range of 0 to 255, inclusive.

mid_tone_width_adjustment_factor indicates the adjustment to the mid-tone region of the tone mapping. The value of
mid_tone width_adjustment_factor shall be in the range of 0 to 255, inclusive.

tone_mapping_output_fine_tuning_num_val indicates the number of pivot pointsto be adjusted in the piece-wise
linear luminance mapping curve. When tone_mapping_output_fine_tuning_num_val isequal to 0, no adjustment points
are defined. The value of tone_mapping_output_fine_tuning_num_val shall be in the range of 0 to 10, inclusive.

saturation_gain_num_val indicates the number of pivot points to be adjusted in the piece-wise colour correction curve.
When saturation_gain_num_val is equal to 0, no adjustment points are defined. The value of saturation_gain_num_val
shall bein the range of 0 to 6, inclusive.

tone_mapping_output_fine_tuning_x[i]and tone_mapping_output_fine_tuning_y[ i ] specify the input and output
values of the i-th adjusted pivot point for the luminance mapping curve. The values of

tone_mapping_output_fine tuning_X[ i ] and tone_mapping_output_fine_tuning_y[ i ] shall be in the range of 0 to 255,
inclusive.

saturation_gain_x[ i ] and saturation_gain_y[ i ] specify the input and output values of the i-th adjusted pivot point for
the colour correction curve. The value of saturation_gain x[ i ] and saturation_gain_y[ i ] shall bein the range of 0 to
255, inclusive.

Im_uniform_sampling_flag egual to 1 specifies that the x-coordinates of the pivot points representative of the
luminance mapping piece-wise linear curve are distributed uniformly across the horizontal axis.
Im_uniform_sampling_flag equal to O specifies that the x-coordinates of the pivot points representative of the
luminance mapping piece-wise linear curve are specified by luminance_mapping_x[ i ].

luminance_mapping_num_val indicates the number of pivot points representative of the luminance mapping piece-
wise linear curve. The value of luminance_mapping_num_val shall be in the range of 0 to 65, inclusive.

luminance_mapping_x[ i ] specifiesthe input value of the i-th pivot point for the luminance mapping piece-wise linear
curve. The value of luminance_mapping_x[ i ] shall bein the range of 0to 8 192, inclusive.

luminance_mapping_y[ i ] specifies the output value of the i-th pivot point for the luminance mapping piece-wise
linear curve. The value of luminance_mapping_y[ i ] shall be in the range of 0to 8 191, inclusive.

cc_uniform_sampling_flag equal to 1 specifies that the x-coordinates of the pivot points representative of the colour
correction piece-wise linear curve are distributed uniformly across the horizontal axis. cc_uniform_sampling_flag equal
to 0 specifies that the x-coordinates of the pivot points representative of the colour correction piece-wise linear curve
are specified by colour_correction_x[ i ].

colour_correction_num_val indicates the number of pivot points representative of the colour correction piece-wise
linear curve. The value of colour_correction_num_val shall bein the range of 0 to 65, inclusive.

colour_correction_x[ i ] specifiesthe input value of the i-th pivot point for the colour correction curve. The value of
colour_correction_x[ i ] shall bein the range of 0 to 2 048, inclusive.

colour_correction_y[ i | specifies the output value of the i-th pivot point for the colour correction curve. The value of
colour_correction_y[ i ] shall bein the range of 0 to 2 047, inclusive.

GamutMappingEnabledFlag is specified in clause A.2.2.5.
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gamut_mapping_mode equal to O specifies that there is no parameter representative of the gamut mapping process (or
itsinverse process) carried in the bitstream. gamut_mapping_mode equal to 1 specifies that parameters representative of
the gamut mapping process (or its inverse process) are present in the bitstream (see clauses A.2.2.3 and A.2.2.5). In the
present document, gamut_mapping_mode equal to 2 and 3 specifies predetermined values used by the inverse gamut
mapping process (documented in Annex D) to respectively map the BT.709 gamut of the reconstructed HDR picture to
P3D65 (preset #1) or BT.2020 gamut (preset #2). In the present document, the value of gamut_mapping_mode shall be
in the range of 0 to 3, inclusive. Values of gamut_mapping_mode in the range of 64 to 127, inclusive are unspecified by
the present document and may be used by some means unspecified in the present document to identify particular
presets. Vaues of gamut_mapping_mode in the range of 8 to 63, inclusive and in the range of 128 to 255, inclusive are
reserved for future use.

NOTE 6: In the present document, when gamut_mapping_mode is equal to 0, an inverse gamut mapping is
recommended to be performed by the CE manufacturer after the HDR signal reconstruction process.

sl_hdr_extension_6bhits, when present, shall be equal to 0 in bitstreams conforming to this version of the present
document. Values of d_hdr_extension_6bits not equal to 0 are reserved for future use. Decoders that comply with this
version of the present document shall ignore the value of sl_hdr_extension_6bits.

sl_hdr_extension_length specifies the length of the SL-HDR extension data in bytes, not including the bits used for
signalling d_hdr_extension_length itself. The value of sl_hdr_extension_length shall be in the range of 0 to 1023,
inclusive. When not present, the value of l_hdr_extension_length isinferred to be equal to 0.

sl_hdr_extension_data_byte[ i ] may have any value. Decoders that comply with this version of the present document
shall ignore the value of dl_hdr_extension_data byte[ i ].

A.2.2.5 Gamut mapping semantics
The variable GamutMappingEnabledFlag is derived as follows.

GamutMappingEnabledFlag =0
if( sdrPicColourSpace < hdrPicColourSpace )
GamutMappingEnabledFlag = 1

The variables sdrPicColourSpace and hdrPicColourSpace are respectively derived in clauses A.2.3.4 and A.2.3.3.

NOTE 1: Inthe present document, an inverse gamut mapping should be enabled when the gamut in which the SDR
picture is represented is smaller than the gamut in which the HDR picture is represented.

In this clause, the index value c equal to 0 should correspond to the red primary, ¢ equal to 1 should correspond to the
magenta secondary, ¢ equal to 2 should correspond to the blue primary, ¢ equal to 3 should correspond to the cyan
secondary, ¢ equal to 4 should correspond to the green primary, ¢ equal to 5 should correspond to the yellow secondary.

sat_mapping_mode indicates the mode of the chroma (re)mapping (saturation expansion or compression) process used
by the gamut mapping process (or itsinverse process). The value of sat_mapping_mode shall be in the range of 0 to 2,
inclusive.

NOTE 2: A value of 0 indicates that the chroma (re)mapping is not active. A value of 1 indicates that chroma
(re)mapping is defined with global parameters. A value of 2 indicates that chroma (re)mapping is defined
for each primary and secondary colour.

sat_global_1seg_ratio specifiesthe WCG and SCG chrominance coordinates of the first inflection point of the three
piece-wise linear expansion or compression curve for the chroma (re)mapping process. The value of
sat_global_1seg ratio shall beintherange of 0to 7, inclusive.

sat_global_2seg_ratio_wcg and sat_global_2seg_ratio_scg specify the WCG and SCG chrominance coordinates of
the second inflection point of three piece-wise linear expansion or compression curve for the chroma (re)mapping
process. The value of sat_global _2seg ratio_wcg and sat_global_2seg_ratio_scg shall be in the range of 0to 7,
inclusive.

sat_1seg_ratio[ c ] specifies the c-th WCG and SCG chrominance coordinates of the first inflection point of the three
piece-wise linear expansion or compression curve for the chroma (re)mapping process. The value of sat_1seg_ratio[ c ]
shall beinthe range of 0to 7, inclusive.
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sat_2seg_ratio_wcg[ c ] and sat_2seg_ratio_scg] c ] specify the c-th WCG and SCG chrominance coordinates of the
second inflection point of the three piece-wise linear expansion or compression curve for the chroma (re)mapping
process. The value of sat_2seg ratio_wcg[ ¢] and sat_2seg_ratio_scg[ c] shall bein therange of 0 to 7, inclusive.

lightness_mapping_mode indicates the mode of the lightness (re)mapping process used by the gamut mapping
process (or itsinverse process). The vaue of lightness_mapping_mode shall be in the range of 0 to 3, inclusive.

NOTE 3: A vaue of 0 indicates that the lightness (re)mapping is not active. A value of 1 indicates that lightness
(re)mapping is applied to each primary and secondary colour. A value of 2 indicates that the lightness
(re)mapping is applied to warm colours. A value of 3 indicates that the lightness (re)mapping is applied
with weighting factors applied to each primary and secondary colour.

Im_weight_factor[ c ] specifies the c-th weight to be applied to each primary and secondary colour during the lightness
(re)mapping process. The value of Im_weight_factor[ c] shall bein the range of 0 to 7, inclusive.

cropping_mode_scg indicates the cropping mode of the SCG during the lightness cropped gamut derivation process.
The value of cropping_mode_scg shall be in the range of 0 to 3, inclusive.

NOTE 4: A value of 0 indicates that the SCG cropping is not active. A value of 1 indicates that the SCG cropping is
applied to each primary and secondary colour. A value of 2 indicates that the SCG cropping is applied to
the cold colours. A value of 3 indicates that SCG cropping is applied with weighting factors applied to
each primary and secondary colour.

cm_weight_factor[ c ] specifies the c-th weight to be applied to each primary and secondary colour during the lightness
cropped gamut derivation process. The value of cm_weight_factor[ ¢ ] shall bein the range of 0 to 7, inclusive.

cm_cropped_Im_enabled_flag indicates that the lightness (re)mapping shall be applied on the cropped SCG when its
valueisequal to 1. cm_cropped_Im_enabled_flag indicates that the lightness (reymapping shall not be applied on the
cropped SCG when its valueis equal to O.

hue_adjustment_mode indicates the mode of the hue (re)mapping (hue adjustment) process used by the gamut
mapping process (or itsinverse process). The value of hue_adjustment_mode shall be in the range of 0 to 3, inclusive.

NOTE 5: A vaue of 0 indicates that the hue (re)mapping is not active. A value of 1 indicates that the hue
(re)mapping method is global linear. A value of 2 indicates that a piece-wise hue (re)mapping method is
used with globally preserved area. A value of 3 indicates that a piece-wise hue (re)mapping method is
used with preservation of areas per primary and secondary colours.

hue_global_preservation_ratio indicates the global preservation percentage for the hue (re)mapping process. The
value of hue_global_preservation_ratio shall in the range of 0to 7, inclusive.

hue_preservation_ratio[ ¢ ] indicates the c-th preservation ratio to be applied to each primary or secondary colours
during the hue (re)mapping process. The value of hue_preservation _ratio[ ¢] shall bein therange of 0 to 7, inclusive.

hue_adjustment_correction_info_present_flag equal to O indicates that hue_alignment_correction[ ¢ ] syntax
elements are not present. hue_adjustment_correction_info_present_flag equal to 1 indicates that
hue_alignment_correction[ c] syntax elements are present.

hue_alignment_correction[ ¢ ] indicates the c-th hue correction angle associated to each primary or secondary colour
during the hue (re)mapping process. The value of hue_alignment_correction[ ¢ ] shall bein therange of 0 to 7,
inclusive.

chrom_adjustment_info_present_flag equal to O indicates that chrom_adjustment_param[ ¢ ] syntax elements are not
present. chrom_adjustment_info_present_flag equal to 1 indicates that chrom_adjustment_param[ c ] syntax elements
are present.

chrom_adjustment_param| ¢ ] specifies the c-th value for tuning the chrominance adjustment parameters associated to
each primary or secondary colour during the hue (re)mapping process. The value of chrom_adjustment_param[ c] shall
beintherange of 0 to 3, inclusive.
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A.2.3 SL-HDR metadata mapping

A.2.3.1 Introduction

Clause A.2.3 provides information on mapping SL-HDR Information SEI message syntax elements values to the
respective SL-HDR metadata values that are used in the reconstruction process (clause 7).

A.2.3.2 Signal reconstruction information

A2321 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the root of
the signal reconstruction information structure.

A.2.3.2.2 partiD mapping

partID =sl_hdr_mode_value_minusl+ 1 (A.D

A.2.3.2.3 majorSpecVersion|D mapping

majorSpecVersionID = sl_hdr_spec_major_version_idc (A.2)

A.2.3.2.4 minorSpecVersionlD mapping

minorSpecVersionID =sl_hdr_spec_minor_version_idc (A.3)

A.2.3.25 payloadMode mapping

payloadMode = sl|_hdr_payload_mode (A.4)

A.2.3.2.6 matrixCoefficient mapping
matrixCoefficient[i] = ( matrix_coefficient_value[i]-512) +256 (A.5)

wherei € [0, 3]

A.2.3.2.7 chromaToLumalnjection mapping
chromaToLumalnjection[i] = chroma_to_luma_injection[i]+16 384 (A.6)

wherei € [0, 1]

A.2.3.2.8 kCoefficient mapping
kCoefficient[ i] = k_coefficient_value[i] +256 (A7)

wherei € [[0,2]

A.2.3.2.9 gamutMappingMode mapping

gamutMappingMode = gamut_mapping_mode (A.8)
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A.2.3.3 HDR picture characteristics

A.2.3.3.1 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the HDR
picture characteristics.

A.2.3.3.2 hdrPicColourSpace mapping

The value of hdrPicColourSpace shall be inferred from the value of hdrDisplayColourSpace and
sdrPicColourSpace as specified in Table A.3.

Table A.3: Inferred value of hdrPicColourSpace

Value of Value of Inferred value of
hdrDisplayColourSpace sdrPicColourSpace hdrPicColourSpace
0 (BT.709) 0 (BT.709) 0 (BT.709)
0 (BT.709) 1 (BT.2020) 1 (BT.2020)
1 (BT.2020) 0 (BT.709) or 1 (BT.2020) 1 (BT.2020)
2 (P3D65) 0 (BT.709) or 1 (BT.2020) 1 (BT.2020)

NOTE 1: When the HDR picture input in the SL-HDR1 pre-processor is represented with BT.2020 primaries and
its mastering display colour volume information indicates BT.709 (i.e. hdrDisplayColourSpace is equal
to 0 (BT.709)) and the SDR picture output of the SL-HDR1 pre-processor is represented with BT.709
primaries (i.e. sdrPicColourSpace isequal to 0 (BT.709)), an unspecified conversion of the HDR picture
colour spaceis performed in the SL-HDR1 pre-processor from BT.2020 to BT.709 primaries (so that
hdrPicColourSpace isequal to 0 (BT.709) after the colour space conversion in the SL-HDRL1 pre-
processor).

NOTE 2: An SL-HDR1 post-processor that has inferred the value of hdrPicColourSpace to be 0 (BT.709) may
convert its output picture colour space to BT.2020 depending on the capabilities of the connected internal
or external display.

A.2.3.3.3 hdrDisplayColourSpace mapping
The mapping to hdrDisplayColourSpace variable depends on the value of src_mdcv_info_present_flag.

. When src_mdcv_info_present_flag isequal to 1, hdrDisplayColourSpace shall be mapped as specified in
Table A4

. When src_mdcv_info_present_flag isequal to 0, hdrDisplayColourSpace shall be mapped as specified in
clause A.3.2.

NOTE: MDCV SEl message should be the preferred carriage mechanism for carrying the colour primaries of the
mastering display used to grade the HDR picture.
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Table A.4: Mapping to hdrDisplayColourSpace

SEIl syntax elements SEIl syntax hdrDisplayColourSpace NOTE:
elements value value Colour space primaries

src_mdcv_primaries_x[ 0] 15 000
src_mdcv_primaries_y[ 0] 30 000
src_mdcv_primaries_x[ 1] 7 500
src_mdcv_primaries_y[ 1] 3000 0 Recommendation
src_mdcv_primaries_x[ 2] 32000 ITU-R BT.709-6 [6]
src_mdcv_primaries_y[ 2] 16 500

src_mdcv_ref_white_x 15635

src_mdcv_ref white_y 16 450
src_mdcv_primaries_x[ 0] 8 500
src_mdcv_primaries_y[ 0] 39 850
src_mdcv_primaries_x[ 1] 6 550
src_mdcv_primaries_y[ 1] 2 300 1 Recommendation
src_mdcv_primaries_x[ 2] 35400 ITU-R BT.2020-2 [7]
src_mdcv_primaries_y[ 2] 14 600

src_mdcv_ref_white_x 15635

src_mdcv_ref white_y 16 450
src_mdcv_primaries_x[ 0] 13 250
src_mdcv_primaries_y[ 0] 34 500
src_mdcv_primaries_x[ 1] 7 500
src_mdcv_primaries_y[ 1] 3000 > SMPTE RP 431-2
src_mdcv_primaries_x[ 2] 34 000 (DCI P3) [5]
src_mdcv_primaries_y[ 2] 16 000

src_mdcv_ref_white_x 15635

src_mdcv_ref white_y 16 450

NOTE: In case the SEI syntax elements retrieved from the bitstream do not exactly match with proposed values of
column 2, it is recommended to allocate a value to hdrDisplayColourSpace that is the closest match to the
column 2 values.

A.2.3.3.4 hdrDisplayMaxLuminance mapping
The mapping to hdrDisplayMaxLuminance variable depends on the value of src_mdcv_info_present_flag.

. When src_mdcv_info_present_flag isequal to 0, hdrDisplayMaxLuminance shall be mapped from the
MDCV SEI message syntax elements as specified in clause A.3.2.

. When src_mdcv_info_present_flag isequal to 1, hdrDisplayMaxLuminance shall be mapped as specified
below:

hdrDisplayMaxLuminance =
Min( 50 X (( src_mdcv_max_mastering_luminance + 25) / 50); 10 000) (A9

NOTE: Integer division with truncation of the result toward zero.

A.2.3.3.5 hdrDisplayMinLuminance mapping
The mapping to hdrDisplayMinLuminance variable depends on the value of src_mdcv_info_present_flag.

e  Whensrc_mdcv_info_present_flag isequal to O, hdrDisplayMinLuminance shall be mapped from the
MDCV SEI message syntax elements as specified in clause A.3.2.

. When src_mdcv_info_present_flag isequal to 1, hdrDisplayMinLuminance shall be mapped as specified
below:

hdrDisplayMinLuminance = src_mdcv_min_mastering_luminance X 0,000 1 (A.10)
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A.2.3.4 SDR picture characteristics

A2341 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the SDR
picture characteristics.

A.2.3.4.2 sdrPicColourSpace mapping

When target_picture_primaries is not present, the value of sdrPicColourSpace shall be set to the same value as
hdrPicColourSpace.

Otherwise, the following applies.
e  Whentarget_picture_primaries isequal to 1, sdrPicColourSpace shall be equal to 0.

e  Whentarget_picture_primaries isequal to 9, sdrPicColourSpace shall be equal to 1.

A.2.3.4.3 sdrDisplayMaxLuminance mapping
When target_picture_max_luminance is not present, the value of sdrDisplayMaxLuminance shall be set to 100.
Otherwise, the following applies:

sdrDisplayMaxLuminance =
Min( 50 x ((target_picture_max_luminance +25) /50); 10 000) (A.11)

NOTE: Inthe present document astarget_picture_max_luminance isequal to 100, sdrDisplayMaxLuminance
isequal to 100.

A.2.3.4.4 sdrDisplayMinLuminance mapping
When target_picture_min_luminance is not present, the value of sdrDisplayMinLuminance shall be set to 0.
Otherwise, the following applies:

sdrDisplayMinLuminance = target_picture_min_luminance X 0,000 1 (A.12)

NOTE: Inthe present document astarget_picture_min_luminance isequal to 0, sdrDisplayMinLuminance is
equal to 0.

A.2.3.5 Luminance mapping variables

A.2351 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the
luminance mapping variables.

A.2.35.2 tminputSignalBlackLevelOffset mapping

tminputSignalBlackLevelOffset =tone_mapping_input_signal_black_level_offset +~ 255 (A.13)

A.2.3.5.3 tmIinputSignalWhiteLevelOffset mapping

tminputSignalWhiteLevelOffset = tone_mapping_input_signal_white_level_offset + 255 (A.14)

A.2.3.5.4 shadowGain mapping

shadowGain = shadow_gain_control X 2 + 255 (A.15)
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A.2.3.5.5 highlightGain mapping

highlightGain = highlight_gain_control X 2 + 255 (A.16)

A.2.3.5.6 midToneWidthAdjFactor mapping

midToneWidthAdjFactor = mid_tone_width_adjustment_factor X 2 + 255 (A.17)

A.2.3.5.7 tmOutputFineTuningNumVal mapping

tmOutputFineTuningNumVal =tone_mapping_output_fine_tuning_num_val (A.18)

A.2.3.5.8 tmOutputFineTuningX mapping
for i € [0, tmOutputFineTuningNumVal — 1]

tmOutputFineTuningX[ i] =tone_mapping_output_fine_tuning_x[i]+ 255 (A.19)

A.2.3.5.9 tmOutputFineTuningY mapping
for i € [0, tmOutputFineTuningNumVal — 1], the following applies:

tmOutputFineTuningY[i] =tone_mapping_output_fine_tuning_y[i] + 255 (A.20)
A.2.3.6 Colour correction adjustment variables

A.2.3.6.1 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the colour
correction adjustment variables.

A.2.3.6.2 saturationGainNumVal mapping

saturationGainNumVal = saturation_gain_num_val (A.20)

A.2.3.6.3 saturationGainX mapping
fori € [0, saturationGainNumVal — 1]

saturationGainX[ i ] = saturation_gain_x[i]+ 255 (A.22)

A.2.3.6.4 saturationGainY mapping
for i € [0, saturationGainNumVal — 1]

saturationGainY[i] = saturation_gain_y[i] + 255 (A.23)
A.2.3.7 Luminance mapping table

A23.71 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the
[uminance mapping table elements. Clauses A.2.3.7.3 and A.2.3.7.4 apply only when luminance_mapping_num_val is
greater than 0.

A.2.3.7.2 luminanceMappingNumVal mapping

luminanceMappingNumVal = luminance_mapping_num_val (A.29)
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A.2.3.7.3 luminanceMappingX mapping
When Im_uniform_sampling_flag is equal to 1, the following applies.
for i € [0, luminanceMappingNumVal — 1]
luminanceMappingX[i] =i+ (luminanceMappingNumVal — 1) (A.25)
Otherwise, (when Im_uniform_sampling_flag is equal to 0) the following applies.
for i € [0, luminanceMappingNumVal — 1]

luminanceMappingX[i] =luminance_mapping_x[i] + 8 192 (A.26)

A.2.3.7.4 luminanceMappingY mapping
for i € [0, luminanceMappingNumVal — 1]

luminanceMappingY[i] =luminance_mapping_y[i]+ 8 192 (A.27)
A.2.3.8 Colour correction table

A.2.3.8.1 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the colour
correction table elements. Clauses A.2.3.8.3 and A.2.3.8.4 apply only when colour_correction_num_val is greater
than 0.

A.2.3.8.2 colourCorrectionNumVal mapping

colourCorrectionNumVal = colour_correction_num_val (A.28)

A.2.3.8.3 colourCorrectionX mapping
When cc_uniform_sampling_flag is equal to 1, the following applies.
for i € [0,colourCorrectionNumVal — 1]
colourCorrectionX [i] =i <+ (colourCorrectionNumVal — 1) (A.29)
Otherwise, (when cc_uniform_sampling_flag is equal to 0) the following applies.
fori € [0, colourCorrectionNumVal — 1]

colourCorrectionX[i] = colour_correction_x[i] + 2 048 (A.30)

A.2.3.8.4 colourCorrectionY mapping
for i € [0, colourCorrectionNumVal — 1], the following applies.

colourCorrectionY[i] = colour_correction_y[i] + 2 048 (A.31)
A.2.3.9 Gamut mapping variables

A.239.1 Introduction

This clause specifies the mapping of SL-HDR Information SEI message syntax elements values that relate to the
forward and inverse gamut mapping elements.
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satMappingMode mapping

satMappingMode = sat_mapping_mode

satGloballSegRatio mapping

satGloballSegRatio = sat_global_1seg_ratio +~ 8

satGlobal2SegRatioWCG mapping

satGlobal2SegRatioWCG = 7 X (sat_global_2seg_ratio_wcg + 1) + 64

satGlobal2SegRatioSCG mapping

satGlobal2SegRatioSCG =7 X (sat_global_2seg_ratio_scg + 1) +~ 64

satlSegRatio mapping

satlSegRatio[ c ] =sat_1seg_ratio[c] + 8

sat2SegRatioWCG mapping

sat2SegRatioWCG[ c] =7 X (sat_2seg_ratio_wcg[c]+ 1) + 64

sat2SegRatioSCG mapping

sat2SegRatioSCG[ ¢ ] =7 X (sat_2seg_ratio_scg[c]+ 1) +~ 64

lightnessMappingMode mapping

lightnessMappingMode = lightness_mapping_mode

ImWeightFactor mapping

ImWeightFactor[ c ] = (Im_weight_factor[c] — 1) + 4

croppingModeSCG mapping

croppingModeSCG = cropping_mode_scg

cmWeightFactor mapping

cmWeightFactor[ ¢ ] =9 X cm_weight_factor[ c ] +~ 64

cmCroppedLightnessMappingEnabledFlag mapping

cmCroppedLightnessMappingEnabledFlag = cm_cropped_Im_enabled_flag
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A.2.3.9.14 hueAdjMode mapping

hueAdjMode = hue_adjustment_mode (A.44)

A.2.3.9.15 hueGlobalPreservationRatio mapping

hueGlobalPreservationRatio = hue_global_preservation_ratio + 8 (A.45)

A.2.3.9.16 huePreservationRatio mapping
for c€ [0,5]

huePreservationRatio[ ¢ ] = hue_preservation_ratio[c]+ 8 (A.46)

A.2.3.9.17 hueAlignCorrectionPresentFlag mapping

hueAlignCorrectionPresentFlag = hue_adjustment_correction_info_present_flag (A.47)

A.2.3.9.18 hueAlignCorrection mapping
for c€ [0,5]

hueAlignCorrection[ c ] = hue_alignment_correction[ c ] (A.48)

A.2.3.9.19 chromAdjPresentFlag mapping

chromAdjPresentFlag = chrom_adjustment_info_present_flag (A.49)

A.2.3.9.20 chromAdjParam mapping
for c€ [0,5]

chromAdjParam[ ¢ ] = (chrom_adjustment_param[c]+ 15) + 16 (A.50)

A.3  Mastering Display Colour Volume SEI message
mapping

A.3.1 Introduction

This clause specifies the mapping of HDR picture characteristics when a Mastering Display Colour Volume SEI
message is present in the same CVLS with a SL-HDR Information SEI message with a value of
src_mdcv_info_present_flag equal to 0. When src_mdcv_info_present_flag is equa to 0, the Mastering Display
Colour Volume SEI message shall be present and the mapping to hdrDisplayColourSpace, hdrDisplayMaxLuminance
and hdrDisplayMinLuminance shall be as specified in clause A.3.2. The mapping to hdrPicColourSpace is specified
inclause A.2.3.3.2.
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A.3.2 HDR picture characteristics

When src_mdcv_info_present_flag isequal to O, hdrDisplayColourSpace shall be mapped as specified in Table A.5.

Table A.5: Mapping to hdrDisplayColourSpace (MDCV)

MDCYV SEl syntax elements MDCYV SEI syntax hdrDisplayColourSpace Colour space primaries
elements value value
display_primaries_x[ 0] 15 000
display_primaries_y[ 0] 30 000
display_primaries_x[ 1] 7 500
display_primaries_y[ 1] 3000 0 Recommendation
display_primaries_x[ 2] 32000 ITU-R BT.709-6 [6]
display_primaries_y[ 2] 16 500
white_point_x 15635
white_point_y 16 450
display_primaries_x[ 0] 8 500
display_primaries_y[ 0] 39 850
display_primaries_x[ 1] 6 550
display_primaries_y[ 1] 2 300 1 Recommendation
display_primaries_x[ 2] 35400 ITU-R BT.2020-2 [7]
display_primaries_y[ 2] 14 600
white_point_x 15 635
white_point_y 16 450
display_primaries_x[ 0] 13 250
display_primaries_y[ 0] 34 500
display_primaries_x[ 1] 7 500
display_primaries_y[ 1] 3000 > SMPTE RP 431-2
display_primaries_x[ 2] 34 000 (DCI P3) [5]
display_primaries_y[ 2] 16 000
white_point_x 15635
white_point_y 16 450

NOTE: In case the SEI syntax elements retrieved from the bitstream do not exactly match with proposed values of
column 2, it is recommended to allocate a value to hdrDisplayColourSpace that is the closest match to the
column 2 values.

When src_mdcv_info_present_flag isequa to 0, hdrDisplayMaxLuminance and hdrDisplayMinLuminance shall be
mapped as specified below:

hdrDisplayMaxLuminance =
Min( 50 x (( max_display_mastering_luminance X 0,000 1 + 25) /50); 10 000 ) (A.51)

hdrDisplayMinLuminance =
Min( min_display_mastering_luminance X 0,000 1; 10 000) (A.52)
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Annex B (normative):
SL-HDR reconstruction metadata using AVC

This annex specifies the format of the SEI message that carries the SL-HDR reconstruction metadata for AVC
specification [3] as well as the mapping between the syntax elements of this SEI message and the dynamic metadata
variables provided in clause 6. The SL-HDR Information SEI message syntax, semantics and mapping for the AVC
specification are identical to those specified in clauses A.2.2 and A.2.3 for the HEV C specification except for the
SL-HDR Information SEI message persistence mechanism and the terminal provider oriented code message value that
are specificto AVC.

The SL-HDR Information SEI message shall be wrapped in an AV C "User data registered by Recommendation
ITU-T T.35" SEl message as specified in clauses D.1.5 and D.2.5 of AV C specification [3].

The value of terminal_provider_oriented_code_message_idc shall be equal to 0b00000001 (0x01).

Thesl_hdr_persistence_flag syntax element and descriptor of Table A.1 and the associated semantics are replaced as
follows.

sl_hdr_repetition_period specifies the persistence of the SL-HDR Information SEI message and may specify a picture
order count interval within which another SL-HDR Information SEI message with the same val ue of

d_hdr_mode value_minusl or the end of the coded video sequence shall be present in the bitstream. The value of
dl_hdr_repetition_period shall be in the range of 0 to 16 384, inclusive.

d_hdr_repetition_period descriptor is u(17).

dl_hdr_repetition_period equal to 0 specifies that the SL-HDR Information SEI message applies to the current decoded
picture only.

d_hdr_repetition_period equal to 1 specifies that the SL-HDR Information SEI message persistsin output order until
any of the following conditions are true:

e anew coded video sequence begins;

. apicturein an access unit containing a SL-HDR Information SEI message with the same value of
d_hdr_mode value_minusl is output having PicOrderCnt( ) greater than PicOrderCnt( CurrPic).

d_hdr_repetition_period equal to 0 or equal to 1 indicates that another SL-HDR Information SEI message with the
same value of d_hdr_mode value_minusl may or may not be present.

sl_hdr_repetition_period greater than 1 specifiesthat the SL-HDR Information SEI message persists until any of the
following conditions are true:

. anew coded video sequence begins,

. apicture in an access unit containing a SL-HDR Information SEI message with the same val ue of
d_hdr_mode_value_minusl is output having PicOrderCnt( ) greater than PicOrderCnt( CurrPic ) and less than
or equal to PicOrderCnt( CurrPic) +sl_hdr_repetition_period.

s_hdr_repetition_period greater than 1 indicates that another SL-HDR Information SEI message with the same value of
d_hdr_mode value minusl shall be present for a picture in an access unit that is output having PicOrderCnt( ) greater
than PicOrderCnt( CurrPic ) and less than or equal to PicOrderCnt( CurrPic) +sl_hdr_repetition_period; unless the
bitstream ends or a new coded video sequence begins without output of such a picture.
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Annex C (informative):
HDR-to-SDR decomposition principle

C.1 Introduction

C.1.1 Process overview

The HDR-to-SDR decomposition process aims at converting the input linear-light 4:4:4 HDR, to an SDR compatible
version (also in 4:4:4 format). The process also uses side information such as the mastering display peak |luminance,
colour primaries, and the colour space in which the HDR and SDR pictures are represented. The HDR and SDR pictures
are defined in the same colour gamut or space. When thisis not true, a preliminary gamut mapping process may be
applied to convert the HDR picture from its native colour gamut or space to the target SDR colour gamut or space.

The HDR-to-SDR decomposition process generates an SDR backwards compatible version from the input HDR signal,
using an invertible process that guarantees a high quality reconstructed HDR signal.

The process is summarized in Figure C.1. First, from the input HDR picture and its characteristics, mapping variables
are derived. Then the luminance signal is mapped to an SDR luma signal using the luminance mapping variables. Then
amapping of the colour to derive the chroma components of the SDR signal is applied. This step resultsin a gamut
shifting, which is corrected by afinal step of colour gamut correction.

picture - mapping
analysis parameters
derivation i
P luma l
) \J
mgiti;tt:rZR derivation - gamut - chroma osugngt
. .
RGB E— chroma uv, correction yyy | downsampling picture

Figure C.1: Synopsis of HDR-to-SDR decomposition process

Clause C.1.2 provides more details on the steps 2 to 4. Clause C.1.3 describes the actual implementation of the process.
Clause C.2 gives information on mapping and colour functions derivation. The first step (picture analysis) that derives
the mapping variables is described in clause C.3.

C.1.2 Theoretical decomposition process

Once the mapping parameters have been derived, as described in clause C.3, aluminance mapping function, noted
LUTrn, is obtained. Coefficients mup and mu; are mapping parameters of the model as well. The next steps can be
summarized as follows.

First, the lumasignal is derived from the HDR linear-light RGB signal and from the luminance mapping function:

. derivation of linear-light luminance L from linear-light RGB signal:

R
G
B

L=A; X (CH

with A = [4; A, A;]" being the canonical 3x3 R'G'B'-to-Y'C'bC'r conversion matrix (e.g. Recommendation
ITU-R BT.2020-2 [ 7] or Recommendation ITU-R BT.709-6 [6] depending on the colour space), A;, A,, A5
being 1x3 matrices.
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e  Thenthelinear-light luminance L is mapped to an SDR-like luma Yzxp, using the luminance mapping function:

1
thp = (LUTry(L))24 (C2
In the next step, the chroma components are built as follows:

e A pseudo-gammatization is applied and the resulting signal is converted to C',C', as follows:

R/
Utmp] Y [Az] x |g1v (C.3)
Vimpl 1y~ 143 B/

where 42, A3 are made of the second and third lines of coefficients of the conversion matrix from
R'G'B'-to-Y'C'vwC'.

In the final step, a colour correction is applied as follows:

. The chroma components are rescaled to correct the hue shift that results from the previous mapping step:

U R/Y
vl = s < vl = 7y T [2:] e c4
with B(Y,m,) a1D function (or look-up table) depending on Y;,,,,,.
e  Thenafinal adjustment of the luma component applies:
Year = Yimp — Max(0; mug X Usgyr + muy X V) (C5)

C.1.3 Reference implementation

The previous clause described the theoretical basics of the invertible HDR-to-SDR decomposition process that
generates an SDR version from the input HDR content. In this clause, a reference implementation of the processis
provided. Itsinverse process corresponds to what is described in clause 7.2.4.

In the implementation of the HDR-to-SDR decomposition, some operations are concatenated into the look-up table used
in the colour correction. The optimization is actually done directly for thislook-up table. Then this "optimized" look-up
table is used to derive the corresponding look-up table for the HDR reconstruction process (presented in clause 7.2.4).

The successive steps of the reference implementation are supplied by the following equations:

R
L=A,X|G (C.6)
B
1
Ypreo = (maxSampleVal — 1) X (LUTrpy(L))24 (C7)
1
The luminance is generated using the inverse function of (LUTyy, (L))2#: LYY = invLUT Yyre].-
NOTE 1: invLUTrsM Y] correspondsto the /utMapY[ Y ].
U R/Y
Vpreo] _ [22] x | g1 (C.8)
pre0 3 Bl/y
1/y
Uprel] 1 Upreo] 1 [Az] R
= X = X x |gi/v (OR¢)
[Vprel Bo (YPTEO) Vpreo Bo (YPTEO) A3 gl/y ( )

where By (Yemp.sor) = B(Yemp.spr) X LYY Bo(Yemp,spr ) IS defined in clause C.3.4.

NOTE 2: B(Yimp,spr) COrrespondsto the /utCC/ Y ].
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Uprez] _ [Clip3(—mid$ampleVal ; midSampleVal — 1; Uprer) (C.10)
Vore2l — |Clip3(—midSampleVal ; midSampleVal —1; V) '

Yoar = Ypreo — Max(0; mug X Uprep + muy X Vyrep) (C1y

Usar] _ [Uprez + midSampleVal C12

[Vsdr] a [Vpre2 + midSampleVal (C.12)

In the last step, the signal is down-sampled to 4:2:0 format then converted from Full-to-Narrow Range, to generate the
output SDR picture.

C.2  Mapping and colour functions derivation

C.2.1 Introduction

The mapping variables that are used to perform the HDR-to-SDR decomposition are derived in afirst step that can be
automatically, or manually driven. The variables are signalled in order, at the decoder side, to properly reconstruct,
when required, the HDR signal from the SDR signal. Two modes of conveying those metadata are supported. In
payload mode 0, alimited set of mapping variables are used to model the luminance mapping function (or look-up-
table). These variables also enable to derive the colour correction function (or look-up-table). In payload mode 1, both
functions are explicitly signalled using piece-wise linear functions. This gives more degrees of control of the mapping
and colour correction functions, and therefore more flexibility to control the HDR-to-SDR decomposition. On the other
hand, this requires an additional payload cost for those metadata.

The next clauses describe specifically the way the mapping function and colour correction functions are built for
payload mode 0. Clause C.2.2 focuses on the luminance mapping function derivation. Clause C.2.3 relates to the colour
correction derivation.

C.2.2 Computation of the function LUTTv(L) (payloadMode 0)

C.2.2.1 Overview of the computation of LUTtm(L)
The function LUT 74(L) performs the tone mapping. The tone mapping processis shown in Figure C.2.

Theinput signal Lisfirst converted to the perceptually-uniform domain based on the mastering display maximum
luminance, represented by hdrDisplayMaxLuminance. In thisdomain, after black and white stretching, it is processed
by the tone mapping curve, which in itself is controlled by the shadowGain, highlightGain and
midToneWidthAdjFactor. Next the Tone Mapping Output Fine Tuning function is applied, which output is then gain
limited. The gain limited signal is converted back to the linear-light domain based on the maximum luminance of the
targeted system display maximum luminance, which is SDR, so 100 cd/m?, yielding the output LZU T (L).

ETSI



67 ETSI TS 103 433-1 V1.3.1 (2020-03)
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Figure C.2: Tone mapping process

The blocks shown in Figure C.2 are described in detail in clauses C.2.2.2 to C.2.2.8.

C.2.2.2 Block "To perceptual uniform signal”

The purpose of this block is to transform the linear-light input signal L, which is normalized to 0..1, where 1
corresponds to the peak luminance, to output signal Yy, in the perceptually-uniform domain. It has the Mastering
Display Maximum Luminance, Lypr, as variable, in this version of the present document.

Y,us is calculated as specified by equations (C.13) and (C.14).
Ypus = v(L, Lypg) (Cl‘?’)

1
logyo (1 +(p(L)-1)xx ﬁ)

vl L) = 10810(P (1)

(C.14)

The valuefor p(Lypr) can be calculated using equation (C.15). Ly represents the peak luminance given by the
Mastering Display Maximum Luminance, and is stored in the variable hdrDisplayMaxLuminance in the structure
hdr_characteristics( ) of the reconstruction metadata as specified in clause 6.3.3.4).

1

p(L) =1 +(33—1)><( L )ﬂ (C.15)

10000

Figure C.3 depicts an example for Lypr, = 5000 cd/m?.
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Figure C.3: Example curve v(x, Lypg) for Lnuor = 5 000 cd/m?

C.2.2.3 Block "Black/white level adaptation”

The purpose of thisblock isto adapt the input signal Yy, by the black and white level offset to compute the output

signd Yy, .

The computations in this block are specified in equations (C.16), (C.17) and (C.18).

NOTE:

Ypus—blo
wa — _‘pus
1-wlo-blo
255XtmInputSignalWhiteLevel Offset
wlo =
510
blo = 255X tmInputSignalBlackLevelOffset

2040

Equation (C.16) isthe inverse of equation (15).

(C.16)
(C.17)

(C.18)

The parameters tminputSignalBlackLevel Offset and tmInputSignalWhiteLevel Offset are stored in the structure
luminance_mapping_variables( ) of the reconstruction metadata as specified in clause 6.2.5.

Figure C.4 shows an example black white correction curve.
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Black/White level offset example
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Figure C.4: Example curve for black and white level offset

C.2.2.4 Block "Tone mapping curve"

In this block, the Tone Mapping curve is applied on the input signal Y3, to compute the output signal Y,,;, according to
equation (C.19).

The basics of the curve are explained below and an example is shown in Figure C.5.

Local Slope Adjustment example 5000 [cd/m* ]

corresponding luminance value [ed/m* ]
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= E]
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2 =
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° 41 =
0.2} S
Mid-Tones
x Shadow Adjustment
\ Gain
‘J Control ;
0.0 L . -
0.0 0.2 0.4 0.6 0.8 1.0

input [Normalized Video]

Figure C.5: Tone mapping curve shape example

The tone mapping curveis applied in a perceptually-uniform domain and is a piece-wise curve constructed out of three
parts:

e  Thebottom sectionislinear, and its steepnessis determined by the shadowGain.

. The upper section is also linear, and its steepness is determined by the highlightGain.
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e  Themid-section isaparabola providing a smooth bridge between the two linear sections. The width of the
cross-over is determined by the mid ToneWidthAdjFactor.

Equation (C.20) up to and including equation (C.29) are an overview of the calculationsin order to arrive at the piece-
wise constructed curve.

NOTE 1. These calculations are valid under the conditionthat Lypr > Legrget-

SGC X x, 0 <x < x56¢
TMO(x) = {ax? +bx +¢, Xsoe <X < Xyge (C.20)
HGCXx+1—HGC, xHGC stl
0, para =0
a= {—0,5 X SGC_HGC, otherwise
para
0, para =0
b= {1—HGC SGC+HGC otherwise (C.21)
para 2 ’
0, para =0
c= [ ((.S‘GC—HGC)xpara—Z(l—HGC))2 .
— otherwise
8X(SGC—-HGC)xpara
x _ 1-HGC para
SGC ™ sgc-HGC 2
_ 1-HGC | para (C.22)
*H6C = Sac_mec 2
exposure = m +0,5 (C.23
. L
expgain = v (ﬁ,Lmryet) (C.24)
Lypr = hdrDisplayMaxLuminance (C.25)
Ltarger = 100 cd/m? (C.26)
SGC = expgain X exposure (C.27)
HGC = highliiht(;ain (C28)
para = midToneWidthAdjFactor (C29)

2

The value of shadowGain, highlightGain and midToneWidthAdjFactor, as used in equations (C.23), (C.28) and
(C.29), are stored in the metadata structure luminance_mapping_variables( ) as specified in clause 6.2.5.

The value of hdrDisplayMaxLuminance, as used in equation (C.25), is stored in the metadata structure
hdr_characteristics( ) as specified in clause 6.3.3.4.

NOTE 2: It isthe objective to create an SDR picture and therefore avalue of 100 cd/m? isused for L;gyger-

C.2.2.5 Block "Adjustment curve"
In this block, the fine-tuning curve is applied on the input signal Y,,; to compute the output signal Y, according to

equation (C.30).

Yaaj) 0<Y, =1
Y}t — {fftlum( ad]) adj (C.30)

Yaaj otherwise

The ToneMappingOutputFine TuningFunction function frun( ), iS a piecewise linear function; see clause 7.3 for the
computation of fuum( ) from thelist of points.
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The samples explicitly defining the ToneMappingOutputFine TuningFunction function are the pairs
tmOutputFineTuningX[ i ], tmOutputFineTuningY[ i ], in the structure luminance_mapping_variables( ) of
reconstruction metadata as specified in clause 6.2.5, possibly extended with a point at the start and/or at the end, as
specified in clause 6.3.5.9.

An example fine tuning curve is shown in Figure C.6.

Custom Curve example
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0.0 0.2 0.4 0.6 0.8 1.0

input [Normalized Video]

Figure C.6: Example fine-tuning curve

C.2.2.6 Block "Gain limiter"

The purpose of this block isto correct the input signal ¥z for again that istoo low, but only if the value of the variable
tminputSignalBlackLevelOffset is hot equal to 0.

If the value of the variable tmInputSignalBlackLevelOffset is not equal to 0, the input signal ¥z and the input signal
Ypus from clause C.2.2.2 are used to compute the output signal Yei:m, according to equations (C.31) and (C.32), based on
the maximum display mastering luminance Lupz, which is equal to the variable hdrDisplayMaxLuminance that is
stored in the structure hdr_characteristics( ) of the reconstruction metadata (clause 6.3.3.4).

Yoiim = Max(Ye ; Yypus X 9) (C.31)
9 =v(0,1 + Lgpg, Lspr) + v(1 + Lypr, Lupr) (C32
with theinverse EOTF, v(x, y), taken from equation (C.14).
If the value of the variable tmInputSignalBlackLevelOffset is equal to 0, the output ¥z of thisblock is equal to the
input signal Yz
C.2.2.7 Block "To linear signal”

The purpose of this block isto convert the input signal Yz from the perceptually uniform domain to the linear-light
domain output signal ¥y, using the EOTF vimv(x,y). It is based on the SDR max luminance of 100 cd/m?, see equations
(C.33), up to and including (C.35).

Y = Viny (Yg1im, 100) (C.33)
x_q 2,4
Viny (X, ¥) = (%) (C.34)

NOTE: Equation (C.34) isthe mathematical inverse function for equation (C.14).

p(y) =1 +(33—1)x( Y )i (C.35)

10000

ETSI



72 ETSI TS 103 433-1 V1.3.1 (2020-03)

The curve v, (Y, 100) is shownin Figure C.7.
Perceptual ur_\iform example IOU [r-n‘,.-j'm"' ]

1.0

0.8 : /

/

0.4

output [Normalized Video]
e

0.2

0.0 0.2 0.4 0.6 0.8 1.0
input [Normalized Video]

Figure C.7: Perceptual to linear curve based on 100 cd/m?

C.2.2.8 Final output

The output LUT (L) isthe linear-light value Y.

C.2.3 Computation of the colour correction function

Clause 7.2.3.2 specifies the construction of the colour correction table. The default colour correction curve L(x) isthe

inverse of the normalized SDR luma: L(Yy,p5¢1) = W This default curve is scaled by the saturation gain
post1

function f,,,(). This clause proposes a method to determine parameters representative of asimple function fg, ().
The variables kCoefficient[ i ] and chromaToLumalnjection[ 0 ] are set to 0. chromaToLumalnjection[ 1 ]isset to 0,1.

Experiments show that in order to preserve the hue and saturation fidelity to the source picture, the colour correction is
of type:

WtCC|Ypost1] = L(Yposer) X Q (C.36)
where () is a constant that depends on the colour space of the source picture.

This value of Q may be conveyed by the function f,,,() which is defined by the variables saturationGainX[ i ],
saturationGainY[i] and saturationGainNumVal. As  is a constant number, only one pair of saturationGainX[i],
saturationGainY[i] isrequired.

From experiments, it can be determined that when the source picture colour spaceis Rec. 2020, Q = 1,2. Thisvalueis
coded asfollows:

saturationGainNumVal = 1 (C.37)
saturationGainX[0] =0 (C.38)
saturationGainY[0] = L = _1 —0417 (C.39)

RegpxQ  2x12

By mean of the f,,, (), saturation of the pre-processed picture can be controlled.
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C.3  Automatic parameter generation during encoding

C.3.1 Introduction

Clause C.3 describes one of the possible ways to calcul ate the tone mapping parameters used in clause C.2.2
"Computation of the function LUT 7s(L) (payloadMode 0)". This can be used during e.g. live HDR transmissions.

Clause C.3.2 describes a possible calculation of these parameters from a single HDR picture.
Clause C.3.3 describes a possible temporal filtering of these parametersin a sequence of pictures.

Clause C.3.4 describes a possible ssmplified process for deriving the colour correction function.

C.3.2 Automatic tone mapping parameter generation from only an
HDR picture

C.3.2.1 Introduction

Clause C.3.2 describes one of the possible ways to calculate the tone mapping parameters used in clause C.2.2
"Computation of the function LUT 7a(L) (payloadMode 0)". This can be used during e.g. live HDR distribution.

The tone mapping curve in clause C.2.2 is variable, depending at least on the parameters
tminputSignalBlackLevelOffset, tmInputSignalWhiteLevel Offset, shadowGain, highlightGain and
midToneWidthAdjFactor.

A way to calculate these parameters from an HDR pictureis described in clauses C.3.2.2 to C.3.2.4. The constants used
in these clauses are not necessarily the optimal ones and they can be subject to expert tuning.

C.3.2.2 Calculation of tminputSignalBlackLevelOffset,
tminputSignalWhiteLevelOffset

This clause describes a way to cal culate the parameters tminputSignalBlackLevel Offset,
tmInputSignalWhiteLevel Offset of the tone mapping curve of clause C.2.2.

First, let luminancePeakSDR be the peak luminance of the SDR picture in the normalized linear-light domain, and let
luminancePeakHDR be the peak luminance in the HDR picture in the normalized linear-light domain, as specified in
equations (C.40) and (C.41).

luminancePeakSDR = Lgpp + Lypr (C.40)
luminancePeakHDR = Lypg ~ Lypr = 1 (C.41)

The variables vMaxOut and vMax/n are the equivalent values of /luminancePeakSDR and luminancePeakHDR
converted to the perceptually uniform domain, see equations (C.42) and (C.43).

NOTE 1: Thevaueof 1 for /uminancePeakHDR |eadsto avalue of 1 for viMaxin.
vMaxOut = v(luminancePeakSDR, Lypr) (C.42)
vMaxIn = v(luminancePeakHDR, Lypr) (C.43)

where the OETF \(;) is defined in equations (C.44) to (C.45), and where Lipr, represents the Mastering Display
Maximum Luminance used to master the HDR content in cd/m?2.

1
log10(1 +(p(L)-1)xx ﬁ)

log1o(p(L))

v(x, L) = (C.44)

p(L) =1 +(33—1)><( L )i (C.45)

10 000
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The value for the unclipped black stretch bsu can be taken as the 0,01 % percentile of the value Y of al pixels of the
HDR picture, as defined in equation (C.46).
Y = U(L, LHDR) (C.46)

where L represents the pixel luminance value in the normalized linear domain, and where the OETF v(;) isdefined in
equations (C.44) and (C.45), and where Lipr, represents the Mastering Display Maximum Luminance in cd/m2.

The value of the clipped black stretch bs can be calculated as defined in equation (C.47).
bs = Clip3(0; 0,1; bsu) (C47)

The value for the unclipped white stretch wsu can be taken as the 99,999 % percentile of the value IVof al pixels of the
HDR picture, as defined in equation (C.48).

V =v(Max(Max(R ;G);B),Lypr) (C.48)

where R, G and B are the normalized linear-light values R, G, B per pixel and where the OETF v(;) isdefined in
equations (C.44) and (C.45), and where Lypr, represents the Mastering Display Maximum Luminance in cd/m?.

The value of the clipped white stretch ws can be calculated as defined in equation (C.49).
ws = Clip3(vMaxOut ; vMaxIn ;wsu ) (C.49

The black level is stretched for only 60 % and the white level is stretched for only for 80 %, yielding the variables bl
and wh, see equations (C.50) and (C.51).

bl = 0,6 X bs (C.50)
wh = 0,8 X ws + 0,2 X vMaxIn (C.51)

The parameters tminputSignalBlackLevel Offset, and tmInputSignalWhiteLevel Offset, can be derived according to
equations (C.52) and (C.53).

tmInputSignalBlackLevelOffset = bl ~ vMaxIn (C52)
tmInputSignalWhiteLevelOffset = 1 — wh + vMaxIn (C.53)

NOTE 2: Thevalueof 1isusualy taken for /luminancePeakHDR, which leadsto avalue of 1 for vMaxin.

C.3.2.3 Calculation of shadowGain
This clause describes a way to calculate the parameter shadowGain of the tone mapping curve of clause C.2.2.
Let LightnessHDR be the average value of V from equation (C.48) over all pixels of apicture.

NOTE 1: LightnessHDR can beindirectly computed from aMax(Max(R ; G) ; B) histogram.

The variable bg can be computed using equations (C.54) to (C.55).

LightnessHDR

bg = Min (nomGain X Max (1 ; (2 -
LightnessHDRHigh

)+ bwaain) ; 1) (C.54)
nomGain = vMaxOut + vMaxIn (C.55)

where LightnessHDRHigh is the highest accepted value (e.g. the value above which mainly highlights occur) of the
luminance of the HDR picture converted to the perceptually uniform domain, bwGain is defined in equation (C.56) and
where vMaxOut and vMaxIn are defined in equations (C.42) and (C.43).

bwGain = vMaxIn + wh (C.56)
where bl and wh are defined in equations (C.50) and (C.51).

NOTE 2: If thevalue of 1 istaken for /uminancePeakHDR, nomGain will become equal to viMaxOut.
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NOTE 3: Thevariable bg is limited between nomGain and 1. This means that variable bg reaches the minimum
value for e.q. LightnessHDRHigh = 0,7, which corresponds to an average luminance of 700 cd/m? when
luminancePeakHDR = 10 000 cd/m2. For scenes with an average luminance of 700 cd/n? or more, the
darkest tone mapping is applied. Thisis necessary for protecting white areas during MPEG compression
of the SDR.

Finally, the parameter shadowGain can be computed according to equation (C.57).
shadowGain = 4 X (bg — 0,5) (C57)
NOTE 4: A vaueof 1 for bg, so 2 for shadowGain will lead to cd/nm? out equals cd/m? in and may be used for dark

scenes.

C.3.2.4 The parameters highlightGain and midToneWidthAdjFactor

This clause describes a way to cal culate the parameters highlightGain and midToneWidthAdjFactor of the tone
mapping curve of clause C.2.2.

The parameter highlightGain can be automatically computed according to equations (C.58) to (C.59).

dg = Clip3(0,25 X nomGain ;0,5 X nomGain ; 0,375 — 0,25 X bg ) (C.58)
highlightGain = —>5L_ (C.59)

where dgisthe differential gain, nomGain is from equation (C.55) and bgisfrom equation (C.54).

The parameter midToneWidthAdjFactor can be computed according to equations (C.60) to (C.64).

xpl = Clip3(0,2;0,5; 1,12 —bg) (C.60)

xm = (vMaxOut — dg X vMaxIn) + Max(1078;bg — dg) (C.61)
xp2 = Min(2 X xm;2 x (vMaxIn — xm)) (C.62)

xp = Min(xpl;xp2) (C.63)
midToneWidthAdjFactor = 2 X xp +~ vMaxIn (C.69)

where bgistaken from equation (C.54) and dg istaken from equation (C.58).

NOTE: Equations (C.62) and (C.63) automatically reduce xp so that half of the mid-tones parabola can never be
wider than each half of the tone mapping curve: the left half with shadow gain running from O to xm, and
theright half with the highlights differential gain (whichis 0,5 running from xm to vMaxin).

C.3.3 Temporal filtering of tone mapping parameters

The parameters automatically generated in real-time from alive video stream should be temporally low-pass filtered to
reduce unrest and to avoid unnecessary responses to short-term changes.

An example temporal filter is shown in equations (C.65) to (C.67).

e=Y[i] - YF[i — 1] (C.65)
d = F(e) (C.66)
YF[i] =d + YF[i — 1] (C.67)

where Y/i/isthe raw parameter computed from picture j, YF/i]isthe temporally filtered parameter for picture 4 7isthe
index of the current picture, 7- 1 istheindex of the previous picture and £ (e) isafunction that is explained below.

The speed of the temporal filter is determined by the transfer of the function F(e). A deliberate asymmetry in the
response speed is introduced through atransfer that is different for negative and positive values of the input e, see
Figure C.8.
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e.g.
Y =shadow gain bg
YF = filtered gain bg

preferring a lower gain bg
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Figure C.8: Example temporal filter for the shadow gain parameter

In case the transfer of the function F(e) in Figure C.8 istaken asd = g, the green line, then the output Y7 follows the
input Yimmediately and there is no temporal filtering.

The more the transfer of the function #(e) movesto the right of d = e, the green line, and the closer to zero the value
d > 0is, for positiveinput e, the slower YFfollows Y for positive changes (increases of the raw parameter). Similarly,
the more the transfer of the function £ (e) movesto the left of d = e, and the closer to zero the valued < 0 is, the green
line, for negative input e, the slower YFfollows Y for negative changes (decreases of the raw parameter).

The knee marked "threshold" in the transfer of the function #(e) in Figure C.8 marks the value of the positive
difference e between the raw parameter values of two pictures above which the temporal filter starts responding
quickly. The value of F(e) for the horizontal part of the transfer of the function F(e), the part between e = 0 and the
knee marked "threshold" determines the slope of the temporally filtered output when the temporal filter responds
slowly. This horizontal part in Figure C.8 has avery small but non-zero value for d.

In the case of Figure C.8, the filter responds quickly to a decreasing shadow gain parameter shadowGain (increasing
lightness), and more slowly to an increasing shadow gain (decreasing lightness). It is alow-peak detector. This
asymmetric variant of the temporal filter should be used when alower value of the tone mapping parameter is deemed
safer. A parameter change in the "unsafe” direction (increasing lightness, decreasing gain) is deemed critical, and
should mostly be followed quickly. A large change in the "safe" direction (decreasing lightness, increasing gain) is
treated as a scene change, and should be followed more quickly.

For a practical temporal filter for the parameter shadowGain, the threshold can be taken as e = 0,1 for the positive part
and e =-0,1 for the negative part of the transfer of the function #(e) in the tempora filter. This meansthat the threshold
for responding quickly instead of slowly isthe same for increases and decreases in the input. The value for the transfer
of the function £ (e) for 0 < e < 0,1 can be taken as 0,002 and for -0,1 < e < 0, the value can be taken as -0,05, which
means that the temporal filter reacts more slowly for input changes between the thresholds of #(e) for increasing input
than for decreasing input.

The same filter can be applied to the calculated black level tminputSignalBlackLevel Offset, responding quickly to a
decreasing black level, and vice versa. For the calculated white level tminputSignalWhiteLevel Offset, the filter should
respond in the opposite way: quickly to an increasing white level, and slowly to a decreasing white level.
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These two responses areillustrated together in Figure C.9.

d e.g.
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Figure C.9: Example temporal filters for the shadow gain and white level parameters

Three separate temporal filters can be used for the parameters tminputSignalBlackLevel Offset,
tminputSignalWhiteLevelOffset, and shadowGain.

From the calculation of clause C.3.2.3, equations (C.54) and (C.56), one can see that the value of the (unfiltered)
parameter shadowGain is dependent on the value of wh, from which the (unfiltered) parameter
tminputSignalWhiteLevelOffset is derived. If the parameters tminputSignalWhiteLevelOffset, and shadowGain are
filtered independently, the dependency of shadowGain ontminputSignalWhiteLevel Offset may cause flicker.
Therefore, it is better to perform atemporal filter on the variable bgUf instead of on shadowGain, and perform a
temporal filter on the variable wh instead of on tmInputSignalWhiteLevel Offset, see equations (C.68) to (C.75).

bgUf = nomGain X (2 - M%) (C.68)
bgUfCl = Min(Max(nomGain ; bgUf) ; 1) (C.69)
whTf = temporal_filter(wh) (C.70)
bwGainTf = vMaxIn +~ whT f (C.71)

bgTf = temporal_filter(bgUfCl) (C.72)
bgTfM = % (C.73)

bgTfCl = Min(Max(nomGain ; bgTfM) ; 1) (C.74)
WhTfCl = bITIL o yMaxin (C.75)

bgTf

where bg Tf is the temporally filtered bgUf, bg TfCl is the clipped and temporally filtered bgUf, bwGainTf is the bwGain
derived from filtered parameters, whTf is the temporally filtered parameter wh from clause C.3.2.2 and whTfCl isthe

clipped and temporally filtered parameter wh from clause C.3.2.2.

The temporaly filtered parameter shadowGain, shadowGainTf, can be computed according to equation (C.76).

shadowGainTf = 4 X (bgTfCl— 0,5)
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The temporally filtered parameter tminputSignalWhiteLevelOffset, tmIinputSignalWhiteLevel OffsetTf, can be
computed according to equation (C.77).
tmInputSignalWhiteLevelOffsetTf = 1 — whT fCl +~ vMaxIn (C.77)

The temporally filtered parameter tminputSignalBlackLevelOffset, tminputSignalBlackLevel OffsetTf, can be
computed according to equation (C.78).

tmInputSignalBlackLevelOffsetTf = temporal_filter(tmInputSignalBlackLevelOffset) (C.78)

The other parameters highlightGain and midToneWidthAdjFactor do not have to be filtered separately. Instead, the
temporally filtered parameter highlightGain can be computed according to equations (C.58) to (C.59) and the
temporally filtered parameter midToneWidthAdjFactor can be derived from equations (C.60) to (C.64), where bgTfCI
istaken for the value of bg in equations (C.58), (C.60) and (C.61).

C.3.4 Simplified process for colour correction function generation

C.3.4.1 Introduction

This clause provides a simplified process for generating the colour correction function typically for live environment
implementation purposes. The processis based on the usage of alimited set of pre-defined colour correction LUTs that
are used to derive the colour correction LUT used in the pre-processing.

Clause C.3.4.2 describes the pre-processing stage based on the ssmplified derivation of the colour correction LUT.

Clause C.3.4.3 describes the selection process of the colour correction LUT among different pre-defined LUTS.

C.3.4.2 Simplified colour correction derivation process

In practice, the colour correction function applied in the pre-processing, f3,, isimplemented asa 1D LUT that isactually
both linked to the colour correction LUT /utCC applied during the post-processing and to the luminance mapping LUT
lutMapY by the following equation:

Bo(Y) = lutMapY[Y] X lutCC[Y] (C.79

IutCCis mostly independent from the luminance mapping LUT /utMapY and is mainly dependent on colour properties
of the content, such as the saturation and hue. It is therefore possible to define alimited set of n pre-defined LUTs
IutCCrer;, for i=1..n, corresponding for instance to different categories of content, discriminated by their saturation and
hue characteristics.

Asillustrated in Figure C.10, the derivation of the colour correction LUT in the pre-processing stage consists of:
. identifying from the content properties the relevant LUT /utCCrerx ;

. optionally computing the saturation gain function £gr( ) that enables the generation of /utCCrer x from the
default colour correction LUT as documented in clause C.2.3;

. building the colour correction LUT /u£CC used in the post-processing stage;

. building the colour correction LUT £, used in the pre-processing stage.
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The pixel loop can then run using the luminance mapping LUT /utMapY and the colour correction LUT S, .
HDR

Luminance
i mapping params
picture Luminance
> .
” mapping >
b SDR
1utCC, > default color Conversion picture
: ’ .
G correction LUT L Pixel loop
A
IUtCCreLZ —» ‘-' -
| Selurstion gain .| Build lutCC then
> saf >
derivation Po
[ ]
fsgr params
o -

LA

LUT selection

Figure C.10: lllustration of the simplified colour correction LUT usage in the pre-processing stage

h 4

Typically, three different pre-defined LUTS /utCCrer; are defined. Examples of three LUTs are depicted in Figure C.11.
A possible process for the LUT selection is explained in clause C.3.4.3.

1000 ||

800

lutCC_ref3

Figure C.11: Examples of pre-defined colour correction LUTs

C.3.4.3 Selection of the colour correction LUT

The LUT selection is based on the analysis of the input HDR image characteristics, in particular related to its saturation,
hue, lightness properties. From this analysis, the relevant LUT is selected. The algorithm is summarized as follows:

Computation of the saturation histogram and mean luminance on the HDR linear-light picture.

Computation of the hue values, on the 5 %, 10 %, and 20 % most saturated pixels of the picture.
Choice of the LUTS /utCCrerx based on those metrics.

In order to compute the saturation and hue of the HDR signal, R, ¢, B'non linear-light values are computed from R, G,
Bvalues corresponding to the linear-light HDR signal as follows:

R' = fuu(R)
G' = fru(G) (C.80)
B" = fuu(B)
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wherethe f,,;; () function is defined as follows:

if (v <0,0031308), fru(v) = Max(0;v x 12,92)
nil { (C.81)

1
else f,,;(v) = 1,055 x v+ — 0,055
The saturation histograms are derived as follows.

From the minimum value minRGB and maximum value maxRGB among R, ¢'and B', the saturation .Sis computed as
follows:

maxRGB—minRGB

{ if (maxRGB > 0,01),S = e —— (C82)
else S is not defined, and maxRGB is set to 0

The histogram of S'is computed over the HDR picture. From the histogram, three sets of pixels Ss, S;¢, Sz are
determined, corresponding to the 5 %, 10 % and 20 % most saturated pixels. The corresponding average saturation

values S5, S;4, S,, and average luminance values meanLs, meanL,,, meanlL,, are computed. Similarly, the average
luminance of the HDR picture is computed.

Hue histograms are computed as follows.

The hue value is only defined when (maxRGB — minRGB < 0,000 1) asfollows:

(if maxRGB = R'), huey = (|-———="2—— 40| x 60) % 360
if (axRGB = G"), hue; = ([-———2——— 42| x 60) % 360 (C.83)
R -G’

\if (axRGB = B'), hue, = ( + 4] x 60) % 360

maxRGB-minRGB

Three histograms (one for each component), for each one of the three saturation sets S, S; ¢, S0, are computed. This
defines nine histograms Hyy, for X= R, Gor Band Y= 5, 10 or 20. The mean hue values are computed for each of the

9setsHyy, for X= R, Gor B,and ¥="5, 10 or 20. Nine colour ratios Ry, are also computed as follows.

. for X=R, Gor B,and Y=5, 10 or 20:

RXY size(Hyy) (C_84)

= size(Hry)+size(Hgy)+size(Hpy)
where size(") defines the cardinality of the associated histogram.

The selection of the LUT is based on the previously computed parameters representative of the HDR picture
characteristics (e.g. saturation, hue, etc.). An example algorithm for 1 000 cd/m? peak luminance content is provided
below.

. let kbetheindex of the pre-defined LUT /utCCrerx

o if(Abs(Hpyo) <T, andS; > T, and 22510 S T and Rpge > Rppe) k=3

size(Sz0)
else k=2

e if((L<5andS,, < 0,6)or(L<10and Rg,, < 0,7) or (L< 20 and Ry, < 0,8) or (L< 30 and Ry, < 0,9) )
k=k-1

where 77 =8, 72=0,95, 73=0,8, and L is the average luminance of the HDR picture.
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Annex D (informative):
Invertible gamut mapping

D.1 Introduction

This annex provides the description of an invertible gamut mapping process that could apply when the input SDR
picture of the SDR-to-HDR reconstruction processis provided in a SDR legacy standard colour gamut (e.g.
Recommendation ITU-R BT.709-6 [6]) as specified by the variable sdrPicColourSpace), and is different from the
target wide colour gamut of the HDR picture (e.g. Recommendation ITU-R BT.2020-2 [7] as specified by the variable
hdrPicColourSpace). In this annex, colour backwards compatibility is defined such that the SDR CE receiver only
supports Recommendation I TU-R BT.709-6 [6] colour space while the video to be distributed using SL-HDR1 can
support Recommendation I TU-R BT.2020-2 [7] colour space. When hdrPicColourSpace is not equal to
sdrPicColourSpace, at the HDR-to-SDR decomposition stage the WCG HDR video should be converted to a standard
colour gamut SDR video (plus metadata) while the inverse process at the HDR reconstruction side revertsthis
conversion by rendering the WCG HDR video from the standard colour gamut SDR video (plus metadata). The
cascading of those two-colour processes should be visually lossless, while the standard colour gamut SDR video should
entirely preserve the artistic intent of the original WCG HDR video with minimal impairments. Both colour
reconstruction (inverse gamut mapping) and compression (forward gamut mapping) conversions are designed to be
reciprocal.

Figure D.1 illustrates a typical scenario where (forward) gamut mapping and inverse gamut mapping are required. In
this example, the master HDR content coming from the production processis graded on a P3D65 HDR monitor
(signalled by hdrDisplayColourSpace), and represented in Recommendation ITU-R BT.2020-2 [7] colour space
(signalled by hdrPicColourSpace). In this scenario, the SDR backwards compatible version derived from the HDR
content is provided in Recommendation I TU-R BT.709-6 [6] container, in order to be directly viewable on legacy BT
709 SDR displays. Therefore, for distribution of the SDR signal, a (forward) gamut mapping from Recommendation
ITU-R BT.2020-2 [7] to Recommendation ITU-R BT.709-6 [6] is required in addition to the dynamic range mapping
from HDR to SDR before the distribution step. The distributed SDR content, represented in Recommendation ITU-R
BT.709-6 [6] colour space (signalled by sdrPicColourSpace), can then to be converted back to an HDR versionin a
Recommendation ITU-R BT.2020-2 [7] colour space or any other colour space with a wide colour gamut.

P3DE65 in

BT.2020

HDR HDR video
BT.2020 MDCY + reconstruction T -

master HDR
A

SDR or HOR
video

video

i > HDR Encoding Decoding
Production Fost-prad decomposition fe.g. HEVC B (e HEVC - >
Copure Main 10) SOR stream Main 10} SDR videa

L o
- =
metadsts  ojor grading I SDR . BT.709 in
VFX compositing video BT.709
Tone Mapping

Invarse Tone Mapping

Prod / Post-prod / Mastering HDR Decomposition / Encoding Distribution | Decoding / HDR Reconstruction

Figure D.1: Example of use case requiring a gamut mapping

The invertible gamut mapping described in this annex typically addresses such use cases (corresponding to
hdrPicColourSpace equal to 1, hdrDisplayColourSpace equa to 2 and sdrPicColourSpace equal to 0).

Asillustrated in Figure 2, the inverse gamut mapping process applies once the HDR picture has been reconstructed
from the SDR picture by the SDR-to-HDR reconstruction process described in clause 7. The process should apply when
hdrPicColourSpace ishot equal to sdrPicColourSpace.

The processes specified in Annex D work on signals represented in alinear-light YUV colour space which isalinear-
light colour space obtained from the conversion of alinear-light RGB colour space with the canonical RG'B'-to-Y 'C'vC'
matrix. Consequently, atristimulus sample in the linear-light Y UV colour space consists of a lightness sample with two
chrominance samples. The combination of these three samples constitutes a colour that belongs to at least one gamut.
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NOTE 1: The invertible gamut mapping process operates in alinear-light YUV colour space as this colour space
makes computational processes simpler than perceptual colour spaces (e.g. CIELab, IPT, etc.) with a
good invertibility/rendition quality trade-off.

NOTE 2: TheU and V chrominance components are represented with signed values typically contained in the
[- 1,0to 1,0] range. The Y component is also signed although itstypical rangeis[0,0 to 1,0].

Clause D.2 provides notations and definitions essential to the understanding of the processes specified in Annex D.
Clauses D.3 and D.4 respectively document the forward gamut mapping and the inverse gamut mapping processes.

D.2 Notations and definitions

D.2.1 Introduction

This clause provides the notations (clause D.2.2).and definitions (clause D.2.3) that are used to specify the forward
gamut mapping process (clause D.3) and the inverse gamut mapping process (clause D.4).

D.2.2 Notations

D denotes aline. A line may be indexed by a subscript (e.g. D,).

(AB) denotes aline passing by points A and B.

[AB] denotes a segment from point A (included) to point B (excluded).
(A + ji) denotes aline passing by A with the ji direction vector.

D, N D; denotes the intersection of line D, with line ®,. Similarly, the n symbol denotes an intersection of two
planes, or the intersection of avolume and a plane.

Plane,- Py) denotes the plane having a constant lightness of Py in the linear-light YUV colour space.

HalfPlane- p,) denotesthe half plane containing all colours of the same hue where the hue is defined as the angle Py
between Py and Ps.

The cross-product of vector o with vector ob isdenoted od x ob where:
94 X 0b = a, X b, — a, X by, (D.1)

Colour gamut (or gamut) isindicated by italics Cambria Math 10 points. A colour gamut of a colour space is denoted
with an uppercase letter (e.g. G). A gamut that is denoted with alowercase |etter (e.g. w) refersto a projection of a
gamut on a plane (e.g. projection of a gamut on the chrominance plane). A tilde on a gamut notation denotes a so called
"warped" gamut that isto say a gamut which faces are no planar (e.g. G) unlike usual planar faces gamut (gamut
notation without tilde).

W and K respectively denote the white point and the black point in alinear-light YUV colour space. W and K are
similar in al gamuts used by the invertible gamut mapping process.

R, G and B respectively denote the red, green and blue primary coloursin alinear-light YUV colour space.
NOTE 1: Video signal components are normalized with ablack level at 0 and a peak white level at 1.
M, C and J respectively denote the magenta, cyan and yellow secondary coloursin alinear-light YUV colour space.

NOTE 2: Jdesignates yellow secondary colour instead of Y, to avoid any confusion with Y of the linear-light Y UV
colour space. Similarly, K represents the black point to avoid confusion with the blue primary colour
notation B.
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Inalinear-light YUV colour space, the gamut can be represented by a hexahedron which vertices are defined by the
octuplet { K, R, M, B, C, G, ], W }. Anindex i is used as a superscript letter onto a gamut symbol to indicate a gamut
vertex in terms of primary or secondary colour. As an example, WX designates the red primary vertex of the wide
colour gamut W.

Each coordinate of a primary or secondary colour represented in the linear-light YUV colour space isindicated by a
subscript letter representative of a component. As an example, the Cartesian coordinates in the linear-light YUV colour
space of the red primary colour vertex R of the wide colour gamut W are denoted by WR, WE, WR, Cylindrical

coordinates are denoted by p and 6 where the angle representative of the hue in awide colour gamut is denoted W§ and
the radius representative of the chrominance WpR .

In computational loops, each of the six vertices corresponding to the primary and secondary coloursisindicated by an
index value c. Theindex value cequal to 0 should correspond to the red primary, ¢ equal to 1 should correspond to the
magenta secondary, ¢ equal to 2 should correspond to the blue primary, cequal to 3 should correspond to the cyan
secondary, cegual to 4 should correspond to the green primary, ¢ equal to 5 should correspond to the yellow secondary.

D.2.3 Definitions

D.2.3.1 Introduction

Clause D.2.3.2 to clause D.2.3.7 provide definitions of concepts and terms that are extensively used in the specification
of the forward and inverse gamut mapping processes.

D.2.3.2 Line defined by two points

In athree-dimensional space, the parametric definition of aline defined by two pointsis generally formulated as
follows.

Let A and B of coordinates represented by atriplet (y,u,v) denotes two separate points. If the point P belongs to the
(AB) line, the parameter t is specified as follows:

AP =t x AB (D.2)

As A and B are two separate points, at least one of their three coordinates are distinct. For example, if Ay # By, thentis
computed using the coordinates of A, B and P as follows:

¢ = vy (D.3)

T (By-4y)

In atwo-dimensional space, let A and B of coordinates represented by a duet (u,v) or (p, y); alineis defined by an
equation generally formulated as.

aXu+bXxv+c=0 (D.9)
where:
a=A,— B, (D.5)
b=B,— A, (D.6)
c= A4, X B,— A, X B, (D.7)

NOTE: Thisformulation enables the representation of vertical lines.

D.2.3.3 Intersections

The intersection of a segment (defined by a primary colour and a secondary colour) with a plane (defined by a given
constant lightness) is computed with equations (D.2) and (D.3) of clause D.2.3.2 considering that:

e thepoints A and B are respectively the primary colour and secondary colour which define the segment;
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e  thepoint P istheintersection of the segment and the plane.

Asthe primary and secondary colours have different lightness, t is computed using the lightness as illustrated by
equation (D.3).

The intersection of two linesin atwo-dimensional spaceis specified as follows.
Considering:

e afirstlineof equationa; X u+b; X v+c¢; = 0;

e asecondlineof equationa, X u+ by, X v+ cy; = 0;

. P, the intersection point of the first and second lines, represented by the homogeneous coordinate triplet (u, v,
w) with= =P, = =P, andw = 1.

NOTE: Homogeneous coordinates allows to compute the intersection of avertical line with a non-vertical line.

Then, the homogeneous coordinates of P are as follows:

u=>by Xc,— by X, (D.8)
V=a, X ¢ — a; XC, (D.9)
w=a; Xb,— a, X b, (D.10)

. If w = 0, thefirst and the second lines do not intersect (they are parallel).

. Otherwise, the first and the second lines intersect in P with:

p = byXcp— bypxcq (Dll)

u ag sz— az Xbl

P _ apzXcq—apXcey (D12)

v alxbz—aszl

D.2.3.4 Cusp

The cusp colour Cusp (P, G) of acolour sample P belonging to the gamut G is the most saturated colour (i.e. the colour
with the largest chrominance value in the linear-light YUV colour space).

The cusp line G*5? isthe collection of all the cusp colours belonging to the gamut G (see Figure D.2).
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Figure D.2: lllustration of a cusp line of a gamut in linear-light YUV colour space
(thick black line)

The projection of acusp line G on the plane Plane, - is denoted (¢"g" ¢" g g% ¢’) and represented by a
hexagon with the primary and secondary colours as vertices (see Figure D.3). This hexagon is made of the following
segments ordered clockwise [GRGM[, [GYGP[, [GPGCL [GGC[ [6°G! [ and [¢/GR[.

" o o
-— = = Pu o = -

Figure D.3: lllustration of the projection of a cusp line on the UV plane
(black hexagon)
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D.2.3.5 Sector

The projection of the cusp line G*°F on the plane Plane, - ¢ is ahexagon. This hexagon can be partitioned in six
triangles which vertices are:

. the origin of the plane (black point);
. one primary colour; and
. one adjacent secondary colour.

The sector Sector (P, G*°7) of acolour sample P isthe triangle containing the projection of P on the plane Plane, - o),
see Figure D .4.

Figure D.4: lllustration of a sector of the UV plane (light green triangle with c, g, o as vertices)

The following variables and notation allow defining the sector Sector (P, G*P):
. P, acolour sample in the linear-light YUV colour space with:
- p, the projection of P onthe UV plane (e.g. Plane,-o));
- o, the origin of the UV plane;
o (gRgMgBgg%g’), aprojection of the cusp line G°¥P on the UV plang;
. B¢, the result of a cross-product;
NOTE: The cross-product helps determining the position of p against the line (og?).
e  beg and end, are the two vertices defining a sector.

Sector (P, G*P) computation is specified in the following pseudo-code.

for(i =0; i < 6; i++)
B =0p x ogh;
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end = 5;
for (i =0; i <6; i++) {
if( (B'20)&&(BM<0)) {

beg =i

The resulting Sector (P, G“*P) is defined or characterized by the [¢"°8g°"4[ segment.

D.2.3.6 Computing the cusp colour using a sector

Obtaining the cusp colour of P, with P being atri-stimulus colour sample (Py, P., Pv) belonging to gamut G, can be
achieved by finding first the sector to which P belongs to. This operation is performed in the UV plane (e.g.
Planey~)) using the projection of the cusp line (¢*¢" 2”44 g/) on this plane and the projection p of P on the UV
plane with o the origin of the UV plane.

The cusp colour of P can be computed as follows.
e  Computetheintersection y of the line (op) with the segment [gP®8gemd[:
y = (op) N [g"*8g°™[ (D.13)
NOTE: y istheprojection of Cusp(P, G) onthe plane Plane, —).

. Compute the parametric coordinate t as follows:

gbegy =t X gbeggend (D.14)
_ s>
t= W) (D15)

) Finally, determine the cusp of P(y, u, v) for each component:

Cusp(P,G)u = Vu (D.16)
Cusp(P,G)y = V» (D.17)
Cusp(P,G), = Gyex (1—t) + G x ¢ (D.18)

D.2.3.7 Boundary

The boundary line g(”;’;‘,’}yfg is defined as the collection of the most saturated colours for the gamut G intersected by the
plane Plane,p,,. Leveraging the boundary line gg’;:g;g, the sector Sector (P, g(”y“;‘,?;‘)) can be computed in a similar
way as for Sector(P, G**P) (see clause D.2.3.5).

The boundary colour Bound (P, G) computation is based on the same process as computing Cusp (P, §) (clause D.2.3.6)
by replacing G P with gg’;:g;g.

In the linear-light YUV colour space, the shape of a RGB gamut can be represented by a hexahedron. This shapeis
transformed during the conversions required by the gamut mapping process and its inverse process. During the gamut
mapping process (and its inverse process), the hue is rotated with a hue dependent rotation angle. Similarly, the
lightnessis shifted. Thisresultsin transforming the hexahedron in a dodecahedron, asillustrated in the Figure D.5.
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Figure D.5: Views of a hexahedron gamut (left) and a dodecahedron gamut (right)

Similarly to the cusp line, the boundary line is a polygon made of three to five segments when the gamut isa
hexahedron or five to ten segments when the gamut is a dodecahedron.

The vertices of g(”y";‘,?;’) are determined by computing the intersection of the gamut polygon edges (twelve for a

hexahedron and eighteen for a dodecahedron) with the Plane(yzpy) . The only edges to be considered are the edges
simultaneoudly having one vertex above Py and a second vertex below Py.

In practice, when the gamut is a hexahedron, the edges to be used to compute the edges intersection with the
Planey-p ) are documented in Table D.1. These intersections define the vertices of the boundary polygonin

Plane(y:py) .

Table D.1: Determination of boundary colour - hexahedron case

Value ofy | Edgel Edge 2 Edge 3 Edge 4 Edge 5
y = K - - - - -
K<y=sB KG KR KB - -
B<ysR MB BC KG KR -
R<y<M JR RM MB BC KG
M<ys<G JR WM BC KG -
G<y<C CG GJ JR WM BC
Csy<lJ wcC GJ JR WM -
JSy<W wC wWJ WM - -
y= W - - - - -
NOTE:  The notation XY should be read [G*G¥[ . Edges lists are
ordered clockwise.

In practice, when the gamut is a dodecahedron, the edges to be used to compute the edges intersection with the
Plane(y:py) are documented in Table D.2. These intersections define the vertices of the boundary polygonin

Plane(yzpy) .
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Table D.2: Determination of boundary colour - dodecahedron case

Value of y Edge 1 |Edge 2 |Edge 3 |Edge 4 |Edge 5 |Edge 6 |Edge 7 |Edge 8 |Edge 9 | Edge 10
y= K - - - - - - - - - -
K<y=sB KB KC KG KJ KR KM - - - -
B<ysR WB BC KC KG KJ KR KM MB - -
R<y<M WB BC KC KG KJ JR WR RM KM MB
M=sysG WB BC KC KG KJ JR WR WM - -
G<y<C WB BC KC CG WG GJ KJ JR WR WM
C=sy<J WB WC WG GJ KJ JR WR WM - -
Jsy<W WB WC WG WJ WR WM - - - -
y= W - - - - - - - - - -
NOTE:  The notation XY should be read [G¥GY[ . Edges lists are ordered clockwise.

D.3  Forward gamut mapping process

D.3.1 Introduction

This clause specifies the forward gamut mapping process enabling the generation of a standard colour gamut picture
from awide colour gamut picture according to a set of associated dynamic metadata.

The forward gamut mapping documented in this annex aims at compressing a wider mastering display colour gamut
(WCG) W into astandard colour gamut (SCG) §. For this purpose, the following colour gamuts are introduced during
the conversion stages: awide gamut W carried in a container gamut ¥, a preserved gamut P, arotated gamut R, a
lightness mapped gamut £, awarped lightness mapped gamut £ and a truncated gamut 7. The gamut is transformed
during the forward gamut mapping stages as described bel ow:

K->W->R—->L->T>S (D.19)

This processis defined for a4:4:4 chroma sampling and full range YUV linear-light signal. In atypical implementation
of a SL-HDR1 pre-processing stage with gamut mapping, the input of the systemisaY'C',C'r 4:2:2 chroma sampling
legal range with atransfer function such as SMPTE ST 2084 [1]. Several signal conversions are occurring to derive the
linear-light 4:4:4 YUV, notably:

o  4:2:2t04:4:4 chroma upsampling conversion;

. conversion to R'G'B' colour space;

. removal of the transfer function to obtain alinear-light RGB signal;

. conversion to linear-light YUV 4:4:4.

In Figure D.6 that depicts the gamut mapping process and the associated gamuts these conversions are called "video
content adaptation”.

Y
wide =
Video Content Hue P Lightness # Chrominance |-#| Interfacewith

»|  Adaptation > Mappin Mappin Mappin SL-HDR1 »
Yin Y wida ppIng —‘ > ppmg PPIE | Decomposition Re
Uin Uwidge G

7 Vige U B
v 422 th Vm dac

Viat
|
K w R L T S

Figure D.6: Overview of the forward gamut mapping process and the associated gamuts
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The forward gamut mapping process can be summarized by the following successive steps (for each pixel
x = 0..(picWidth - 1),y = 0..(picHeight - 1)).

. Theinput 4:2:2 Y'C',C'r signal is converted to alinear-light YUV signal (see clause D.3.2) and the colour
gamut is converted from K to W.

. The hue is compensated (see clause D.3.3) and the colour gamut is converted from W to R.
. The lightness is mapped (see clause D.3.4) and the colour gamut is converted from R to £.
e Thechrominance is compressed (see clause D.3.5) and the colour gamut is converted from £ to 7.

. The standard gamut mapped signal isinput in SL-HDR1 decomposition stage (see clause D.3.6) and the colour
gamut is converted from7 to §.

Due to the reversible design of the gamut mapping documented in Annex D, processes specified in the clauses D.3.3 to
D.3.6 are highly similar to those used by the reverse processes.

During the forward gamut mapping phase, parameters are stored in the variables specified in clause 6.3.9 while in the
inverse gamut mapping phase, parameters are derived from those variables.

D.3.2 Video content adaptation
This process takes as inputs:
. the luma and chromavalues Y,,,, U,,, and V,,, in the colour gamut ¥;

° the variables related to colour spaces: sdrPicColourSpace, hdrPicColourSpace and
hdrDisplayColourSpace.

The process generates as outpuit:
e theadapted lightness and chrominance componentsvaluesY,, s, Uy igze @d V.40 Of the colour gamut W.

The block diagram depicted in Figure D.7 summarizes the different processing blocks that may be used to prepare the
content to be ingested into the actual forward gamut mapping process. The video content adaptation processis
composed of bricks either documented in existing recommendations or standards. As an example, the draft
recommendation JCTVC-Z1017 [i.11] proposesin clause 10 details to adapt such a video content. KCG denotes the
container colour gamut K encompassing the wide colour gamut W.

4:2:2t0 4:4:4 3 X 3 matrix Inverse OETF 3 x 3 matrix 3 x 3 matrix
> chroma p| Y'CbCr-to-R'GB' > or EOTF — RGB (KCG) RGB (WCG)
i Y KCG R' R to to v .’
Yun upsampling 441 [3 in RGB (WCG) - YUV (SCG) wide
Ui Cbuys G's G G Usvide
Vin Crau Bl Bia B Viide

Figure D.7: Overview of the input video adaptation

e  Thefirst block entitled "4:2:2 to 4:4:4 chroma upsampling" isa 4:2:2 to 4:4:4 Y'C',C', chroma upsampling.
Theinput Y'C',C'y 4:2:2 signdl is contained in the K colour gamut (specified by hdrPicColourSpace) with W
(specified by hdrDisplayColourSpace) as a colour volume.

. The second block named " 3x3 matrix Y'C',C'i-to-R'G'B' WCG" isacanonical Y'C,C'r-to-R'G'B' matrix
operating in the colour space corresponding to the K colour gamut.

. The third block called "Inverse OETF or EOTF" isremoving the transfer function of the R'G'B’ signal to
produce a RGB linear-light (display-referred or scene referred) value. For instance, the input 4:2:2 HDR signal
transfer function isthe SMPTE ST 2084 [1] transfer function environment. However, it is worth noting that
there is not limitation in the HDR transfer function that can be used.

e  Thefourth block, "3x3 matrix RGB (KGC) to RGB (WCG)", consists of a concatenation of two canonical
matrices XY Z-to-RGB WCG and RGB KCG-to-XY Z followed by aclipping in the range [0, 1].
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The last block which name is " 3x3 matrix RGB (WCG) to YUV (SCG)" converts alinear-light RGB signal
represented in the colour space whose colour gamut is K to alinear-light YUV signal represented in a colour
space whose colour gamut is § (specified by sdrPicColourSpace). The fourth block matrix is acompilation of
meatrix that is detailed in the following equation:

1
Ywide Ryin
— s s w w %
Uwide | = Mgga—to-vuv X Mxyz-to-rce X Mrga—to-xvz X |Mxvz—to-res X MrGe—to-xvz X |Clin (D.20)
Viide Biin 0
where:

- M¥.p_i0-xvz iISacanonical 3x3 RGB to XY Z matrix (computed with hdrPicColourSpace and SMPTE
RP 177 [i.9]);

- M3yz_to_rcp iSacanonical 3x3 XY Z to RGB matrix (computed with sdrPicColourSpace and SMPTE
RP 177[i.9]);

- MY, io-rcp iSacanonical 3x3 XYZ to RGB matrix (computed with hdrDisplayColourSpace and
SMPTE RP 177 [i.9]);

- |M |} represents a clipping element-wise of the matrix M between 0 and 1;

- MY 5 _to—xyz iSacanonical 3x3 RGB to XY Z matrix (computed with hdrDisplayColourSpace and
SMPTE RP 177 [i.9]);

- M3cp_io-yuv iSacanonical 3x3 R'G'B' to Y'C',C', matrix (computed with sdrPicColourSpace. In this
version of the present document, this matrix is specified in Recommendation ITT-R BT.709-6 [6]).

NOTE 1: Unlike the conventional usage where the canonical RG'B' to Y'C'wC'r matrix (Mazp—1o—yuy) IS applied on

asignal that is compressed by atransfer function, in the process described in this clause and in
clause D.4.2 the matrix is applied on aon a RGB linear-light signal.

NOTE 2: The clipping operation has two purposes. it restricts colours to the designated gamut notably in case of

errors during production stage and it manages cases where the theoretical contained gamut goes over the
edge of the container gamut (e.g. P3D65 dightly sticks out BT.2020 gamut toward red hue).

All the computations that are documented in the clauses D.3.3 to D.3.6 are performed in the standard colour space
(frame of reference) even though the converted gamut and signals may exceed the gamut of the standard colour space.

D.3.3 Hue mapping

D.3.3.1 Introduction

This process takes as inputs:

the lightness and chrominance componentsvaues Y, ;4e, Uyige @d V,,;4. in the colour gamut W generated in
clause D.3.2;

the variables related to hue remapping: hueAdjMode, hueGlobalPreservationRatio and
huePreservationRatio[ ¢ ];

the variables related to hue alignment: hueAlignCorrectionPresentFlag and hueAlignCorrection[i];

the variables related to chrominance adjustment: chromAdjPresentFlag and chromAdjParam[i].

The process generates as output:

the hue mapped chrominance components values U,.,, and V,.,, which with the lightnessY,,,;4, residein the
colour gamut R.

The hue mapping process is designed to optimize the rendition of highly saturated colours when compressing them from
the wide gamut to the standard one. This process relies on a hue, chrominance and lightness dependent hue rotation.
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The hue mapping process consists in transforming the wide gamut W (specified by hdrDisplayColourSpace) into a
rotated gamut R. Because of the input video adaptation process (see clause D.3.2), the wide colour gamut W is
represented into the standard colour space which gamut is denoted by § (specified by sdrPicColourSpace).

In afirst time, the primary and secondary colours of the gamut W are rotated as specified in clause D.3.3.2. During the
forward gamut mapping phase, it is possible to define a preserved gamut P (specified in clause D.3.3.4) in which the
colours remain unchanged during the hue mapping process. Then, clauses D.3.3.3 and D.3.3.5 respectively specify the
hue mapping of coloursinside W without or with the consideration of a preserved area.

D.3.3.2 Deriving the rotated gamut

The parameters of the conversion of the wide gamut W into the rotated gamut R expressed in the standard colour space
are derived from the variables hueAlignCorrectionPresentFlag, hueAlignCorrection[i ], chromAdjPresentFlag and
chromAdjParam[i]. The hue rotation angle A8* as well as the chrominance gain €' are computed as follows.

. Compute for each primary and secondary colour A8¢, the hue rotation angle, as follows.

- Compute the hue angles W} and S}, (Cartesian coordinates to cylindrical coordinates conversion).

Derive the rotation angle A6¢, that enables the derivation of the rotated gamut R, from the hue angles W
and S as specified by the following pseudo-code.

for (i =0; i <6; i++){
i f (hueAlignCorrectionPresentFlag)

Hueinge, = hueAlignCorrection[i];
el se

Hueipgex = Huedefault[ i

. si—wi .
Agt = ¢ ¢ X (Hueindex - Hueoffset[ i ])!

Huergtiol 1]

with Huedefault[ i ], Huemtio[ i ] and Hueoffset[ l] SpeCIerd in TableD.3.

Table D.3: Hue alignment correction factors

P”miroyllslff?i?dary Hue, g0 [l] Hueoffset[i] Huedefault[i]
0(red) 2 2 4
1 (magenta) 4 1 5
2 (blue) 2 2 4
3 (cyan) 2 2 4
4 (green) 4 1 5
5 (yellow) 4 1 5

e Compute for each primary and secondary colour ¢, the chrominance gain, as specified by the following
pseudo-code.

for (i =0; i <6; i++){
i f (chromAdjPresentFlag)
et = chromAdjParam|[i]
el se
=1,

. Then, the rotated gamut R is derived as specified by the following pseudo-code.

for (i =0; i <6; i++){
i f (hueAdjMode){
RL = &l x (WL x cosA8! — W} x sinAg?)
RL = &' x (W] xsinAf' + Wi X cosAGY)

el sef
Ry =W,
R, = W}

}
with R = WXand R = wW.
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D.3.3.3 Hue mapping without preserved area
When this processis applied, it is stored ashueAdjMode equal to 1.

The hue mapping without preserved area process rotates the wide colour gamut W into the rotated colour gamut R (see
Figure D.8). The primary and secondary colours of W are respectively projected to the primary and secondary colours
of R as specified by the following pseudo-code.

for (i =0; i < 6; i++)
wi - R

The coloursin-between the primary and secondary colours are projected linearly depending on the hue and
chrominance as specified below.

Assuming an input YUV triplet (£, Pu, Pv) equal to (Ywide, Uwize, Vwiae), the computation is as follows:

e  Compute the cusp line WP (see clause D.2.3.4 and D.2.3.6). Thisis a hexagon resulting of the projection on
aPlane, - o) of the six segments [WRWM [, [WMWE[, [WEWC[, [WEWE, [WEW/[, [W/ WR]. Lowercase
notation denotes the projected segment: e.g. [WP W€ is projected as [w®w €[ on the Plane, - o).

. Determine to which sector Sector (P, W%*P) of this«w hexagon the hue of P belongs to.

NOTE 1: This meansthat if the hue of P is between blue and cyan, the sector will be [« 2w ¢[. More generally this
hue-sel ected sector is denoted by [wrPe8ur 0|,

In Plane, - o), o denotes the origin of the plane of coordinates o. = 0 and ov = 0. Lowercase notation denotes
the projection of P on this plane.

Compute the intersection q of the line (op) with the segment [«wP®8.4-#74[ (see clause D.2.3.3) asfollows:
q = (op) N [wPeBywend| (b.21)

. Compute the parametric coordinates of q, t and k such that:

op=t X oq (D.22)
wheeqg = k x wbegyrend (D.23)

. The cusp displacement vector & is determined as follows:
§ = k X wendyend 4 (1—k) x 100080 (D.24)

. Compute h the rotation of p such that:

—

oh =0p +

o+ | ol

(D.25)

NOTE 2: Asthe cusp does not pass by the origin o, t cannot be equal to 0.

e  The output of this hue mapping process without preserved areaisthe triplet ( Yivige, Uror, Vior) such that:

Ywide = Py (D26)
Uror = hu (D27)
Viot = hv (D28)
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Figure D.8: Principle of the hue mapping without preserved area

D.3.3.4 Deriving the preserved gamut

The preserved gamut P, preserving the hue domain, is derived per colour from the wide gamut W and from
hueAdjMode, hueGlobalPreservationRatio and huePreservationRatio[ i ] variables, asfollows.

switch (hueAdj Mbde){
case 1: // no preserved area
br eak;
case 2:// global preservation ratio
for(i =0; i < 6; i++)
hPR[ i ]= hued obal Preservati onRati o;
br eak;
case 3: // preservation ratio per primary/secondary col our
for(i =0; i < 6; i++)
hPR[i]= huePreservationRatio[ i ];
br eak;

}

Then, assuming an input YUV triplet (G, C., Cv), computation to preserve the hue of thistriplet is as follows.

e  Compute the boundary line W(’;O;‘;ly"g (see clause D.2.3.7) asfollows:
W@,";‘ﬁy‘g =W N Plane, - p,) (D.29)

where W(”y":”ﬁy‘g is aconvex polygon with between three and ten edges depending on the value of Py. Some

edges may be collinear because W is a hexahedron considered as a dodecahedron and all the vertices from the
dodecahedron are necessary in the computation.

NOTE 1: Inthelinear-light YUV colour space, W is considered as a degenerated dodecahedron defined by its
height corners { WX, Wk wM WE w¢ wé w’/, W"} and itstwelve faces {(KRM), (KBM), (KBC),
(KGC), (KR)), (KG)), (WCB), (WMB), (WJR), (WMR), (W]G), (WCG) } where the notation of the
quadrilaterals and triangles have been simplified by removing the related gamut notation e.g. from
(R*RYR?) to (XYZ).

e Determine to which sector of the polygon W(’;O;‘;ly"g p belongs to (see clause D.2.3.5).
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NOTE 2: A sector of the polygon W(”;;‘;ly"g is defined by the triangle (o, «r¢8, w74), o being the origin of the
Plane, - Py)-
e  Thepreservationratio "pr" for thetriplet (¢, C., Cv)iscomputed asfollows:
pr =t x (hPR[W®4] — hPR[W"?¢9]) + hPR[W?e9] (D.30)
where
t = (C, — W) /(W — W) (D.31)

Eventually, the preserved hue for the triplet (G, C., Cv)isdefined by the triplet (7, Pu, Pv) such that:

P,=C, (D.32)
P.=Cy X pr (D.33)
P,=C, X pr (D.34)

D.3.3.5 Hue mapping with preserved area

When this processis applied, it is stored ashueAdjMode equal to 2 when the hue mapping process occurs with a
globally preserved area or 3 when the hue mapping process occurs with preservation of areas per primary and secondary
colours.

The hue mapping (also known as hue adjustment) with preserved area process rotates the wide colour gamut W into the
rotated colour gamut R while leaving unchanged colours belonging to a preserved area that is named the preserved
colour gamut P (see Figure D.9). Note that the rotated colour gamut R is represented by a dodecahedron in the linear-
light YUV colour space due to the rotation with preservation of a colour area. This dodecahedron has the same height
corners than the hexahedron representing the rotated colour gamut without preserved areai.e. { R¥, RE,

RM,RB R, RE, R/, R} but its faces are no longer six coplanar quadrilaterals {(KRBM), (KBGC), (KRG]), (WCMB),
(WJMR), (WJCG)} but twelve triangles {(KRM), (KBM), (KBC), (KGC), (KR)), (KG]), (WCB), (WMB), (WJR), (WMR),
(W]G), (WCG) }.

NOTE 1: The notation of the quadrilaterals and triangles has been simplified by removing the related gamut
notation e.g. from (R*RYR?) to (XYZ).

In this clause, both the wide colour gamut W and the preserved colour gamut P are considered as dodecahedrons, even
if they actually are hexahedron.

Assuming an input YUV triplet (7, Py, Pv) equal to (Viide, Uwide, Vivize), the computation is as follows.
e Compute the boundary line W(”y":”ﬁy‘g (seeclause D.2.3.7) asfollows:
WEZES =W n Planeg, - p,) (D.35)

where W(’;O;‘;ly"g is a convex polygon with between three and ten edges depending on the value of Py. Some

edges may be collinear because W is a hexahedron considered as a dodecahedron and all the vertices from the
dodecahedron are necessary in the computation.

e Determine to which sector of the polygon W(’;O;‘;ly"g p belongs to (see clause D.2.3.5).
. Compute the boundary line of R asfollows:
Ré’;’:‘}}y‘i) =R N Planey - p) (D.36)

. Determine the vertices -2°8 and #~¢9 that define the sector of which p projection of P belongs to where beg
and end are two vertices of the dodecahedron intersected by the plane Plane, - p) (see clause D.2.3.5).

NOTE 2: The gamut boundari&sw(’;,";‘ﬁy‘g and ﬁfy"’:‘{}f) are polygons with the same number of vertices.

ETSI



96 ETSI TS 103 433-1 V1.3.1 (2020-03)

The vertices of the preserved area »°°& and p°"¢ are determined by applying clause D.3.3.4 to «w°°8 and
wend_

Check if p isin the preserved area, by computing a cross-product as follows:

k = pbegp X Wbegpend (D_37)

- If (k = 0), the projection p isin the preserved area. Then, the rotated projection of the colour h, isthe
projection (h = p) and the computation stops for the current projection p.

- Otherwise (p is not in the preserved area), the computation continues as follows:
*  Compute the anchor o in the Plane,- p, astheintersection of line (p"87~"°8) and (p°" +-"%):
o= (Wbeg,r,beg) n (;’end ,},.,end) (D38)

" Compute the rotation centre q that is the intersection of line (op) with the preserved sector
segment:

q=(op) N [p 8| (D-39)

L] Compute the projection direction 5 inthee steps as described by the following equations:

B = (oq) N [wPesyurend| (D.40)
y = (aq) N [#Pe8send| (D.41)
5=7y (D.42)

" Compute, the projection h as follows:
h = (aq) N (p+8) (D.43)

The output of the hue mapping with preserved area processisthe triplet (Yuide, Uror, Vior) SUch that:

Yuide = Py (D.44)
Urot = hu (D45)
Vrot = hv (D46)
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Figure D.9: Hue mapping with preserved area

D.3.4 Lightness mapping

D.3.4.1 Introduction

This process takes as inputs:

e  thelightnessY,,;,. and the hue rotated values U,.,; and V,.,; in the colour gamut R generated in clauses D.3.2
and D.3.3;

. the variables related to lightness mapping and cropping: lightnessMappingMode, ImWeightFactor[i],
croppingModeSCG, cmCroppedLightnessMappingEnabledFlag and cmWeightFactor[i].

The process generates as output:
e thelightness mapped value Y., which combined with U,,, and V,,, residein the gamut L.

The lightness mapping stage aims at achieving a trade-off between saturation and lightness for the saturated colours of
the wide colour gamut in order to get a better preservation of the intent of the wide colour gamut source. The higher the
chrominance the stronger the lightness correction. In this process, the lightness is corrected while keeping the hue and

chrominance unchanged.

The lightness mapping parameters offer the possibility to either do aglobal remapping, or to differentially remap warm
and cold colours or to weight the remapping of each individual primary and secondary colour.

First, the lightness cropping process specified in clause D.3.4.2 derives, from the standard gamut §, alightness cropped
gamut 7", which is used as an intermediate gamut for the lightness mapping and the chrominance mapping processes.

Then, the lightness mapping weighting factors are computed in clause D.3.4.3.

Finally, the pixel processing is specified in clause D.3.4.4.
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D.3.4.2 Deriving the lightness cropped gamut

To avoid or minimize saturation inversion, a cropping of the gamut § is performed thus resulting in a new gamut 7,
contained in §. T is primarily used during the chrominance mapping process (see clause D.3.5) and depending on
cmCroppedLightnessMappingEnabledFlag, 7 may also be used during the parabolic lightness mapping process,
especially to derive the warped lightness mapped rotated gamut £ (see clause D.3.4.4).

Thisisdone asfollowsfrom R, §, croppingModeSCG and cmWeightFactor([ i ].

for (i =0; i <6; i++){
switch (croppingModeSCQG) {
case 0: // no cropping

Ty = Su;
T = S
br eak;
case 1: // gl obal cropping
Tl — RCUS}J. ;
Y e=sh)y
if (7= 8)){

i i, (=7,

[ — L
:T‘;L - Su X (1_531'/)1

i iy (5T,
TS Xy

el se{

. . T
Tu=Su X5
Ti=six 2

v
}
br eak;

case 2: // cropping for cold colours only

: cusp i
H(RGT 2 S

7= 5y
Tu = Su;
T = S
el se{
Tl' — :Rcusp. :
7= Rlo=st)y

. . T
Ti= 8L x 2.
u u 5)1.‘/
Ti=six 2
v

}
br eak;
case 3: // weighted cropping
— peusp  _ gi.
8 =R Ty~ S

7} = S+ & x cmWeightFactor[i];

if (%= s)H{
; ; 1-T
7= shx (o
; ; 1-7}
7= s x
el se{
Ti=shx 2
4
= s x %
v
}
br eak;

D.3.4.3 Deriving the lightness mapping weighting factors

The gamut W has been transformed by the hue mapping process (clause D.3.3) and it has resulted in the rotated gamut
R. Inthis clause, the actual lightness mapping weighting factors mG[i] are derived from the lightnessMappingMode,
the ImWeightFactor[i] and thegamuts R, S and 7.

ETSI



99

The derivation process of wGJi] is specified by the following pseudo-code.

for (i =0; i <6; i++){

swi tch (lightnessMappingMode) {
case 0: // no lightness mapping

odi] = 0;
br eak;
case 1: // global |ightness mapping
odi] = 1;
br eak;
case 2: // lightness mapping for warm col ours only
i cusp
O = Szl
if (RL> ol)
odi] = 1;
el se
odi] = 0;
br eak;

case 3: // weighted |ightness mappi ng
odi] = ImWeightFactor[i];
br eak;

D.3.4.4 Parabolic lightness mapping

ETSI TS 103 433-1 V1.3.1 (2020-03)

The lightness mapping is done using a parabolic equation, transforming the gamut into a new warped gamut.

Assuming L the input colour with coordinates (Ly, Ly, LU) equal to (Yyiger Urots Vot ), the parabolic lightness mapping
processis as follows.

Determine to which sector Sector (P, R€“SP) = [+~P¢84~ed] the hue of L belongsto. Thisis done similarly as
in clause D.3.3.3, replacing the 2 hexagon by the #~ hexagon and the point "p" by the point "I" (projection of
L on the cusp plane), see equations (D.21), (D.22) and (D.23), ending up with the computation of the "k" ratio,

that will be used to interpolate the weighting factor.

Using "k", compute the weighting factor "wL" corresponding to L as follows:

oL = wG[beg] x (1 —k) + wG[end] X k (D.47)
. Compute the cusp colours of L relative to the relevant gamuts as follows:
N = (cmCroppedLightnessMappingEnabledFlag) ? To27 )+ 2] (D.48)
7= ngi”Le) (D.49)
e  Then derive L the lightness mapped value of the cusp colour of L asfollows:
8L=(Z,—N,) x oL (D.50)
o Finaly, Q represents the lightness mapped value of L, calculated as follows:
L 2
Qy = Ly — 8L x (Z—P) (D.51)
[
This process output is as follows (see Figure D.10):
Ysta = Qy (D.52)

ETSI



100 ETSI TS 103 433-1 V1.3.1 (2020-03)
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Figure D.10: Parabolic lightness mapping

D.3.5 Chrominance mapping

D.3.5.1 Introduction

This process takes as inputs:

e  thelightness Y, and the hue rotated values U,.,; and V,.,; in the colour gamut R generated in clause D.3.3 and
lightness mapped in clause D.3.4.4. £ represents the gamut resulting from the lightness mapping of R;

e thevariablesrelated to chrominance mapping (also known as saturation compression): satMappingMode,
satGloballSegRatio, satGlobal2SegRatioWCG, satGlobal2SegRatioSCG,
sat1SegRatio[ ¢ ],sat2SegRatioWCG[ ¢ ] and sat2SegRatioSCGJ ¢ ].

The process generates as output:

e  the mapped chrominance components values Ug;; and V., which combined with Y., reside in the colour
gamut S.

The chrominance mapping process consists in compressing the wide gamut that has been transformed by the preceding
steps (hue mapping D.3.3 then lightness mapping D.3.4), denoted £ into the gamut 7° without changing the lightness of
the input signal. Chrominance mapping is also referred as saturation compression.

The boundary of the warped gamut is computed in clause D.3.5.2. Then the chrominance mapping process parameters
are derived from metadata in clause D.3.5.3. The pixel-loop representative of the chrominance compression is
documented in clause D.3.5.4.

D.3.5.2 Computing the boundary of a warped gamut

The lightness mapping process is a parabolic transformation (see clause D.3.4.4). The parabolic transformation reshapes
the gamut by replacing the linear edges of the gamut by fragments of parabolas and the planar faces by warped faces.
The parabolic transformation preserves the hexagonal shape of the cusp line. However, lightness mapped colours have
their boundary lines passing by the white and black points replaced by a parabola (that is defined by a second-degree
equation).
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The lightness mapping transforms the rotated gamut R into £ (see clauses D.3.4.3 and D.3.4.4) using parabolic
transformations. During the chrominance mapping process, the warped gamut £ is transformed into the truncated gamut
T which is a dodecahedron or a hexahedron (depending on the value of croppingModeSCG and cmWeightFactor[i])
with planar faces. During chrominance mapping process, the boundary lines of both £ and 7" should be computed. The
computation of 7 boundary lines s specified in clause D.2.3.7 while the computation of £ boundary lines s specified in
this clause.

The boundary lines of £ are fragments of parabolas following a second-degree equation:
y=axpi+BXp+y (D.53)
where a, B and y are the coefficients of the equation, p the unknown and y the lightness.
The computation of the colour boundary for a given colour P in the parabolic gamut £ is specified as follows:
. The second-degree eguation (D.53) is solved as described by the following equations.

The coefficients «, f and y are computed as follows (where s designates the sign) reusing 5L from (D.50):

-6L

a= I (D.54)
NOTE: When §L isequal to 0, the boundary lines are straight lines (see clause D.2.3.7).
If (y = Cusp(P,R), — L)
b= ©39
y=1 (D.56)
s=1 (D.57)
Otherwise:
B = % (D.58)
y=0 (D.59)
s=-1 (D.60)

. Compute the boundary colour Bound (P, £) i.e. the intersection between the boundary line Eé’;ﬁ{}g‘) and theline

defined by y = P, asfollows:
Bound(P, L) = P, (D.61)

Bound(P, L), = Py (D.62)

1
—2Xa

Bound(P,L) = <B+s X Jsz -4 X a X (y—Py)) X (D.63)

D.3.5.3 Deriving the compression parameters from the metadata
The chrominance mapping behaviour is derived from satMappingMode.

. When satMappingMode is equal to 0, the chrominance mapping process is by-passed (output sample equal to
the input sample).
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e  WhensatMappingMode is greater than 0, the compression curve consists of up to three linear segments that
are defined by three parameters: ratioPresArea, ratioFIWCG and ratioEISCG (see Figure D.11). These three
parameters are derived (inverse gamut mapping phase) from or stored (forward gamut mapping phase) in
variables specified in clause 6.3.9:

- When satMappingMode is equal to 1, the three parameters are global to the gamut and are derived from
the variables satGlobal1SegRatio, satGlobal2SegRatioWCG and satGlobal2SegRatioSCG as
specified in the following equations:

ratioPresArea = satGloballSegRatio (D.64)
ratioEIWCG = satGlobal2SegRatioWCG (D.65)
ratioElSCG = satGlobal2SegRatioSCG (D.66)

- When satMappingMode isequal to 2, the three parameters are defined per primary/secondary colours of
the wide gamut and are derived from the variables sat1SegRatio[ ¢ ], sat2SegRatioWCGJ[ ¢ ] and
sat2SegRatioSCG[ ¢ ].

—o— Compression Curve Max Sat WCG Max Sat 5CG

sat1SegRatio — sat2SegRatioSCG  — sat2SegRatioWCG

Figure D.11: Shape of the compression curve

Assuming Q the input colour, with (Qy, Qu, Q) equal to (Ysw, Urot, Vior).

- Determine the sector Sector (Q, L%**P) which the hue of Q belongsto. Sector(Q, L) resultsin
the [£P°8¢°nd[ segment. Since ¢! is equivalent to #~¢, in the following 7~ will be used.

= Compute the intersection e of line (oq) with [#~P84~¢d[, o being the origin of the UV plane
(Plane(,-¢) and q the projection of Q on this UV plane:

e = (op) N [r~Pees~end[ (D.67)
" Compute the interpolation ratio t:
rbe8g = t x pbegsend (D.68)
" Interpolate the variables to obtain the parameters for each primary and secondary colour:
ratioPresArea = sat1SegRatio[ beg] +t x (sat1SegRatio[ end ] — sat1SegRatio[ beg])(D.69)
ratioEIWCG = sat2SegRatioWCG[ beg] +t X (sat2SegRatioWCG| end ] — sat2SegRatioWCG| beg ])(D.70)

ratioElSCG = sat2SegRatioSCG[ beg] + t x (sat2SegRatioSCG[ end ] — sat2SegRatioSCG[ beg ])
(D.71)
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D.3.5.4 Compressing the chrominance

This stage aims at fitting the input colour to the cropped (or truncated) gamut T (included in the standard gamut §) as
depicted in Figure D.12.

Assuming Q the input colour, with (Q,, Q., Q) equal to (Ystd, Urot, Vior).
. Compute T, the boundary colour of Q inthe gamut 7"
T = Bound(Q,7) (D.72)
. Compute L, the boundary colour of Q in the gamut £ from clause D.3.5.2:
L = Bound(Q L) (D.73)
. Compute preservedArea, the preserved arearatio:

preservedArea = ratioPresArea X T, (D.79)

. Determine the compressed chrominance F as follows.

i f (Q <preservedArea)
Fp = Qs

elbowWCG = preservedArea + (Lp - preservedArea) X ratioEIWCG;
elbowSCG = preservedArea + (Tp - preservedArea) X ratioElSCG,
if (Q <elbowWCG)

F, = preservedArea +
el se

F, = elbowSCG +

elbowSCG — preservedArea

X — preservedArea);
elbowWCG — preservedArea (QP p )i

Tp — elbowSCG
Ly — elbowWCG

%X (Q, — elbowW CG);

e  Theoutput of the chrominance compression is (Ysw, Usw, Vseq) Such that:

(Ystd, Usad, Vstd) = (Fy, Fu, Fv) (D-75)

1.2

YUV BT.709 Colour Space

Lightness

Chroma
Standard Gamut Ligthness Mapped Rotated Gamut @  Q (Input Colour)
® T (Boundaryof QinT) ® L (Boundary of Qin £) ®  Preserved Chroma Upper Limit
@® F(OutputColour)  -------- Yline

Figure D.12: Chrominance compression
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D.3.6 Interfacing with SL-HDR1 decomposition
This process takes as inputs:

e thelightness mapped Y;., and the chrominance components mapped U, and V., in gamut generated in
clausesD.3.4 and D.3.5;

. the variable related to the standard colour space: sdrPicColourSpace.
The process generates as output:
e  the RGB 4:4:4 linear-light Rec, Gaec @nd Bgec in gamut S.

The SL-HDR1 HDR-to-SDR decomposition (see Annex C) starts from linear-light 4:4:4 RGB as documented in

clause C.1.2. Since clause D.3.6 is producing linear-light 4:4:4 YUV, acanonical Y'C,C'-to-R'G'B' matrix operating in
the § colour spaceis required to interface the forward gamut mapping with SL-HDR1 decomposition process, as
follows:

Rdec Y:std
Gaec| = MPyy_to-rn X |Usta (D.76)
Bdec Vstd

where My _so_rep i1Sacanonical 3x3 Y'C'yC'--to-R'G'B' matrix (e.g.as specified in Recommendation
ITU-R BT.709-6 [6]).

D.4  Inverse gamut mapping process

D.4.1 Introduction

This clause specifies the colour reconstruction (or gamut expansion or inverse gamut mapping) process enabling the
generation of awide colour gamut picture from a standard colour gamut picture with associated dynamic metadata.

This processis defined for a 4:4:4 chroma sampling and full range YUV linear-light signal normalized by
hdrDisplayMaxLuminance. The input YUV signal comes from the conversion of an input RGB linear-light signal
(output of the SDR-to-HDR reconstruction process specified in clause 7) to alinear-light YUV colour space thanksto
the canonical R'G'B'-to-Y 'C',C'y matrix (computed thanksto SMPTE RP 177 [i.9]).

The inverse gamut mapping processis reversing all the processes operated during the forward gamut mapping. The
gamut is transformed during the inverse gamut mapping stages as described below:

S>T>L->R->W->X (D.77)

The inverse gamut mapping process and the associated gamuts are depicted in Figure D.13.

Y Y

e . map
Interface with Chrominance |'—#| Lightness > Hue > Adaptation to
b HieHDR Remapping Remapping Remapping [~ | output format | %

Riec reconstruction L > N Gw.a.
G ¥ Foide
= iroad Buide
B"c \"‘map B

UAII

‘\".'All
o T L R w %

Figure D.13: Overview of the inverse gamut mapping process and the associated gamuts
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The inverse gamut mapping process can be summarized as follows (for each pixel x = 0..(picWidth - 1),
y = 0..(picHeight - 1)):

. The input of the inverse gamut mapping process is the output of the SL-HDR1 reconstruction processi.e. a
RGB 4:4:4 linear-light signal represented in the standard colour space. This RGB signal is converted to a Y UV
4:4:4 linear-light signal as documented in clause D.4.2. During this process, the gamut changes from the
standard gamut S to the cropped (or truncated) gamut 7° specified in clause D.3.5.

. Then, the chrominance remapping stage is operated on the chrominance (see clause D.4.3). During this
process, the gamut changes from the cropped (or truncated) gamut T to the lightness mapped gamut £
specified in clause D.3.4.

. The next step consists in remapping the lightness (see clause D.4.4). During this process, the gamut changes
from the lightness remapped gamut £ to the chrominance hue mapped (or rotated) gamut R specified in
clause D.3.3.

e  Thelast inverse gamut mapping step is the hue remapping (see clause D.4.5). During this process, the gamut
changes from the chrominance hue mapped (or rotated) gamut R to the wide gamut W specified in
clause D.3.2.

. Eventually, the remapped Y UV is converted to the wide colour space and atransfer function is applied (see
clause D.4.6). During this process, the gamut changes from the mastering display gamut W to the wide gamut
K specified in clause D.3.2.

D.4.2 Interfacing with SL-HDR1 reconstruction

This process takes as inputs:

. the linear-light standard § gamut 4:4:4 Rec, Grec @nd Brec Samples of the standard gamut S generated in
clause 7.2.4 and normalized by hdrDisplayMaxLuminance;

e thevariablereated to the SDR colour space: sdrPicColourSpace.
The process generates as output:
e thelinear-light standard 4:4:4 Yeq, Usd and Vg Samples that reside in the gamut 7.

The process converts alinear-light RGB sample into alinear-light YUV sample as follows:

Y:std Rrec
Usta| = MRgp—to-vuv X |Grec (D.78)
Vstd Brec

where M3 ;5 _;o_yyy iSacanonica 3x3 R'G'B' to Y'C',C', matrix that depends on sdrPicColourSpace. In this version of
the present document, the R'G'B' to Y'C',C'r matrix should be as specified in Recommendation
ITU-R BT.709-6 709 [6].

D.4.3 Chrominance remapping
This process takes as inputs:

e  thelightness and chrominance components values Yy, Us:q @nd Vg, inthe cropped gamut I° generated in
clause D.4.2;

e thevariablesrelated to chrominance remapping (also known as saturation expansion): satMappingMode,
satGloballSegRatio, satGlobal2SegRatioWCG, satGlobal2SegRatioSCG, sat1SegRatioli],
sat2SegRatioWCG[ i ] and sat2SegRatioSCG[ i ;

. the variables related to the cropped (or truncated) gamut conversion: croppingModeSCG and
cmWeightFactor[ i ].
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The process generates as output:

e the chrominance components remapped values U,,; and V,,; which with the lightness sasmple Y;;, arein the
lightness mapped rotated gamut Z.

The chrominance remapping process aims at re-expanding the standard gamut § back to the lightness mapped rotated
gamut £, thus reversing the gamut compression made during the chrominance mapping process (see clause D.3.5) of the
forward gamut mapping phase. Compression and expansion stages are performed without changing the lightness of the
signal.

The expansion is using the same parameters as for the compression (i.e. satMappingMode, satGlobal1SegRatio,
satGlobal2SegRatioWCG, satGlobal2SegRatioSCG, satlSegRatio[ i ], sat2SegRatiowCG[ i ] and
sat2SegRatioSCG][ i ]) to control the chrominance remapping either in a global manner or independently per primary
and secondary colour. The cropped gamut is derived thanks to the variables croppingModeSCG and
cmWeightFactor[ i ] as specified in clause D.3.4.2. The variables are used to derive the shape of the expansion curve
that is expanding the input chrominance into an output chrominance as shown in Figure D.14.

The chrominance remapping process is quite similar to the chrominance mapping process specified in clause D.3.5.
The processis as follows.
Assuming F the input colour, with (F, F., Fv)equa to (Y, Usta, Vsia).
. Derive the gamut £ as specified in clauses D.3.4.2 or D.3.4.4.
. Derive the expansion curves ratioPresArea, ratioEIWCG and ratioFISCG as specified in clause D.3.5.3.
. Compute T, the boundary colour of F in the gamut 7
T = Bound(F,T") (D.79)
. Compuite L, the boundary colour of F in the gamut £, asin clause D.3.5.2:
L = Bound(F, L) (D.80)
. Compute preservedArea, the preserved arearatio:
preservedArea = ratioPresArea X T, (D.81)
. Determine the expanded chrominance Q as follows.
i f (Fo<preservedArea)
Qp = Fy;
el se{
elbowWCG = preservedArea + (L, — preservedArea) x ratioEIWCG,
elbowSCG = preservedArea + (T, — preservedArea) X ratioEISCG,

if (F,<elbowSCG)

elbowWCG — preservedArea
Q, = preservedArea + P

X (F, — preservedArea);
elbowSCG — preservedArea

el se
Q, = elbowW(G +

Ly — elbowWCG

T~ elbowSCG X (F, — elbowSCG);

e  The output of the chrominance remapping is (s, Usa, Vsar) Such that:
(Ystay Usat, Vsat) = (Qy, Qu, Qu) (D.82)
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YUV BT.709 Colour Space

Lightness

Chroma

Standard Gamut Ligthness Mapped Rotated Gamut [ ] Q (Output Colour)

@® Sbound ® Lbound

® F(lnputColour) =eeeeee Yline

Figure D.14: Chrominance remapping

D.4.4 Lightness remapping

This process takes as inputs:

. the lightness value Y;;; generated in clause D.4.2 which with the chrominance components remapped values
Usqe and V,, generated in clause D.4.3 are located in the lightness mapped rotated gamut £Z;

° the variables related to lightness remapping: lightnessMappingMode,
cmCroppedLightnessMappingEnabledFlag and ImWeightFactor[i];

e thevariablesrelated to hue rotation: hueAlignCorrectionPresentFlag, hueAlignCorrection(i],
chromAdjPresentFlag and chromAdjParam[ i ].

The process generates as output:

e thelightness remapped value Y,,,,, which with the chrominance components remapped values U, and Vs,
are located in the hue mapped (rotated) gamut R.

Asdepicted in Figure D.15, The inverse gamut mapping reverts the lightness mapping of the forward gamut mapping
process specified in clause D.3.4. The lightnessis corrected while leaving the hue and chrominance of the processed
sample unchanged.

The lightness remapping converts the lightness mapped gamut £ back to the hue mapped gamut R. The gamut £ is
derived from clause D.3.4.4 and lightnessMappingMode and ImWeightFactor[ i ] variables. The hue mapped gamut R
is derived from hueAlignCorrectionPresentFlag, hueAlignCorrection[i], chromAdjPresentFlag variables and
chromAdjParam(i] as specified in clause D.3.3.2.

Assuming Q the input colour to this process with coordinates (Q,,, Q,,, Q,,) equal to (Ys¢4, Umap, Vinap ). the lightness
remapping process operates similarly as the lightness mapping (see equations (D.47) to (D.51)) inclusive replacing L by
Q), only the final mapping changes as follows:

2
L, = Q +8Q x (3—2) (D.83)

6Q iscomputed as 6L in equation (D.50) with ®Q being calculated as wL in equation (D.47).
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This process output is as follows:

Ymap = Ly (D.84)

YUV BT.709 Colour Space

"\ -
./ 0 (Input Colour)

\\_)“ L {Qutput Colour

Figure D.15: Lightness remapping

D.4.5 Hue remapping

D.4.5.1 Introduction

This process takes as inputs:

e thelightness remapped value Y,,,,, generated in clause D.4.4 and the chrominance components remapped
values Uy, and Vg, generated in clause D.4.3 which are located in the hue mapped (rotated) gamut R;

. the variables related to hue remapping: hueAdjMode, hueGlobalPreservationRatio and
huePreservationRatio[ ¢ ];

° the variables related to hue alignment: hueAlignCorrectionPresentFlag and hueAlignCorrection[ ¢ J;
. the variables related to chrominance adjustment: chromAdjPresentFlag and chromAdjParam[ ¢ ].
The process generates as output:

e the hue remapped chrominance components values Uy, ,,, and V4, Which with Y, ,,, reside in the wide gamut
w.

The hue remapping process leaves the lightness unchanged. This process is equivalent to a gamut rotation based on a
hue and chrominance dependent angles. This process enables the preservation of a portion of the input gamut when
hueAdjMode > 2.

The hue remapping process converts the hue mapped (rotated) gamut R back to the wide gamut W using the same
variables than those of usein clause D.3.3. The gamut R is derived from clause D.3.3.2 while the preserved P gamut is
derived from hueAdjMode, hueGlobalPreservationRatio and huePreservationRatio[ i ], as specified in

clause D.3.3.4.
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Clause D.4.5.2 specifies the hue remapping without preserved area process and applies when hueAdjMode isequal to 1.
gl ause D.4.5.3 specifies the hue remapping with preserved area process and applied when hueAdjMode isegual to 2 or
D.4.5.2 Hue remapping without preserved area
This clause applies when hueAdjMode isequal to 1.
The same process as specified in clause D.3.3.3 applies with the following changes:

e theinput of the processisthe YUV triplet (Vinap, Usat Viar),

e theoutput of the processisthe YUV triplet (Viap, Unap, Vinap);

e thegamuts R and W aswell astheir derivations are swapped;

e thecolour Pand H aswell astheir derivations are swapped.

Figure D.16 represents the hue remapping without preserved area process.

YUV BT.709 Color Space

vl
Red " K

Magenty

V (Projection)

Yellow

Green Cyan

U [projection)

- Pl - - -

Figure D.16: Hue remapping without preserved area

D.4.5.3 Hue remapping with preserved area
This process applies when hueAdjMode isequal to 2 or 3.

The process specified in this clause differs by some aspects from the dual process (hue mapping) specified in
clause D.3.3.5. Notations simplifications are the same asin clause D.3.3.5.

NOTE 1: The process specified in this clause is still the reversible part of clause D.3.3.5. The differencein
processing between hueAdjMode equal to 2 or 3isexplicated in clause D.3.3.4.

The hue remapping with preserved area rotates the gamut R (see clause D.3.3.4) into the gamut W, while preserving
the gamut P that is a portion of the gamut R, thus reverting the hue mapping (rotation) performed during the forward
gamut mapping phase.
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Assuming an input YUV triplet (H;, Hy, Hy)equal t0 (Yinap, Umap, Vinap), the first step isto determine whether H isin the
preserved gamut P or in the modified portion of the gamut R. The preserved gamut P is derived from the gamut W

using the following computation:

e Compute the boundary line wg’;’:gj) asfollows:

W(b;’:;;j) =W N Plane, - ) (D.85)

where wg;":gj) is aconvex polygon with between three and ten edges depending on the value of Hy.

NOTE 2:

In the linear-light YUV colour space, the gamut W is a dodecahedron defined by its eight vertices { WX,

WR, WM WE W WE W, WW} and its twelve faces { (KRM), (KBM), (KBC), (KGC), (KRJ),

(KGJ), (WCB), (WMB), (WJR), (WMR), (WJG), (WCG) }.

e Determine to which sector of the polygon wg;":gj) or Ré’;’;‘}};’l) h belongs to as follows:

Assuming n the number of vertices (or sectors) of W(”;;‘{{f) and [w 7w D% that characterizes the current
sector of WP2%n4 ' compute for each sector the following pseudo-code to determine the sector which h belongs

to.

for(o =

(y=Hy)’

0; o <n; ot+) {

¢7 = (oh x 0w? > 0) && (0 x 0w < 0) && (wh x ww @ > 0)

if(¢° == TRUE){

beg = ¢
end = (beg + 1)9%n
br eak;

where the 1 vertices are ordered clockwise, ¢ isalogical variable stating the presence or not of h in the
sector characterized by [ww V%[, h is the projection of H on Plane(y -y, and o isthe origin of this

plane:

NOTE 3:

If (¢° ==TRUE), the point h isin the preserved area. Then the rotated projection of the colour p, isthe
projection h (i.e. p = h) and the computation stops for the current projection h.

If (p?==FALSE) for every o (i.e. h does not belong to the preserved area), determine the sector of

Rf’;’;‘};;‘) which h belongs to as follows:

=  Compute Ré’;’;",}‘y‘) asfollows:

RSy = RN Planey, - u,) (D.86)

where Ré’y";‘ﬁfy‘) isaconvex polygon with between three to ten edges depending on the value of Hy.

In the linear-light YUV colour space, the rotated gamut R is a dodecahedron defined by its eight vertices
{ RX, RR, RM, RE,RC, RS, R/, RW} and itstwelve faces { (KRM), (KBM), (KBC), (KGC), (KRJ),
(KGJ), (WCB), (WMB), (WJR), (WMR), (WJG), (WCG) }.

" For each value of index ¢ derive p? from w? using clause D.3.3.4.

= Assuming 7 the number of vertices (or sectors) of .’Ré’;’;‘ﬂfy‘) and W(”y":”}?yd), and [# 9~ @+D%N[ the

current sector of Ré’y";‘ﬁfy‘), compute for each sector the following pseudo-code to determine the
sector h belongs to.

for(o = 0; o <n; o ++)
9% = (r B x r7p7 < 0) && (r D x 5@+ D% p+ D > 0) && (p7h x p7p D% < 0)

where the 1 vertices are ordered clockwise, ¢ isalogical variable stating the presence or not of h
in the sector characterized by [+ *V%1, h isthe projection of H on Plane(, - y,y and o isthe

origin of this plane.
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The projection h isin the sector characterized by [+P¢84~"4[ with beg defined by @& == TRUE
and end defined by end = (beg + 1)%n.
Figure D.17 showsthe Plane,, - Hy) with the different sectors depicted by pentagons that are defined by

(0, p%, 7, 1 (T+D%N 4 (a+ D)%) |n the example below the sector corresponding to h has its beg vertex set to WR and
itsend vertex set to RM.

wB

BC

NG

NI

IR

—WR

RM

NM

0.6

Figure D.17: Sectors decomposition in the gamut R

e  Then, the next steps are similar to those specified in clause D.3.3.5 of the forward gamut mapping process:

- Compute the anchor a as follows:

o= (pbeg,’,beg) n (Wend ,’,end) (D.87)
- Compute the rotation centre q that is the intersection of line (ah) with the preserved sector segment as
follows:
q = (ah) n [pPeEp] (D.8g)
- Compute W(’;,":”;}yd) asfollows:
wg;oggg) =W n Plane, - u,) (D.89)

Using lowercase, the sector of W corresponding to his defined using beg and end coordinates computed from

bound . beg ,,, end
SD(yzHy).[w w Y.

NOTE 4: Inthelinear-light YUV colour space the colour gamut W is considered as a degenerated dodecahedron
defined by its eight vertices{ WX, WR WM wE w¢ we W/, W"} and itstwelve faces { (KRM),
(KBM), (KBC), (KGC), (KRJ), (KGJ), (WCB), (WMB), (WJIR), (WMR), (WJG), (WCG) }.
- Compute the projection direction & inthree steps as described by the following equations:

B = (0oq) N [wPwrend] (D.90)
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y = (aq) N [#Pe8send[ (D.91)
5= 75 (D.92)

- Compute, the projection p as follows:
p=(aq)n (h+3) (D.93)

. The output of this hue remapping with preserved areaisthe triplet (Ymap, Umap, Vinap) Such that

Ymap = Hy (D94)
Umap =hu (D95)
Vmap =hy (D96)

The rotation and different parameters representative of the hue remapping with preserved area process are depicted in
Figure D.18.

' YUV BT.709 Colour Space

V (Plane y =Py)

Figure D.18: Hue remapping with preserved area

D.4.6 Adaptation to output format

This process takes as inputs:

e thelightnessvalue Y,,,, generated in clause D.4.4 and the chrominance components values U, q,, and V.4,
generated in clause D.4.5 and that are located in the gamut W;

. the variables related to SDR colour space and the mastering display colour volume: sdrPicColourSpace, and
hdrDisplayColourSpace.

The process generates as output:
. linear-light values R,,;4¢, Gwige @Nd B,yiqe 1N the wide gamut .

The colour space conversion is performed in linear-light domain using the canonical 3x3 matrix conversions.
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The process converts alinear-light YUV sampleinto alinear-light RGB sample as follows:

Ruide Ynap

_ X s s
Gwige| = Mxyz—to-reB X MRep-to-xvz X Myyv—to—rep X |Umap (D.97)
Bwide Vmap

where:

e M$yy_to_res iSacanonica 3x3 Y'C,C' to RG'B' (computed with sdrPicColourSpace. In this version of the
present document, this matrix is specified in Recommendation ITU-R BT.709-6 [6]);

o  Mi:p_to-xyz isacanonical 3x3 RGB to XY Z matrix (computed with sdrPicColourSpace and SMPTE
RP 1771i.9]);

o  M¥ . .,_recp isacanonical 3x3 XYZ to RGB matrix (computed with hdrDisplayColourSpace and SMPTE
RP 177 [i.9]).

According to the downstream system connected to the SL-HDR system and the associated negotiation relating to the

signal to be carried on the interface, a possible next step is the application of atransfer function, which is out-of-scope
of the present clause.
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Annex E (informative):
HDR-to-HDR display adaptation

E.1 Introduction

A video stream accompanied with metadata is generated with the system according to the present document and targets
consumer HDR displays. Using the metadata standardized in the present document, an HDR output can be
reconstructed with the original mastering display colour volume. The values of the minimum and maximum display
luminance of the original mastering display are present in the metadata standardized in the present document
(hdrDisplayMaxLuminance and hdrDisplayMinLuminance, see clause 6.3.3).

Display adaptation is the process that adapts the HDR output to a colour volume that has a different, typically lower,
dynamic range than the dynamic range of the HDR mastering display.

Clause E.2 describes a display adaptation method that tries to maintain the artistic intent of the HDR and SDR images
as much as possible in the image for the presentation display.

Clause E.3 describes how to set the MaxCLL and MaxFALL parameters defined in CTA-861-G [i.1] when display
adaptation is used and the presentation display is connected by HDMI.

Clause E.4 describes display adaptation tuning, which is away to accommodate for personal preferences when
performing display adaptation.

Clause E.5 describes the minimum and maximum values to be used for Lpgisp When performing display adaptation.

E.2  Display adaptation maintaining creative intent

In this clause, a display adaptation method is described that uses recal culated metadata val ues based on the ratios
between the original HDR peak luminance Lxpx. targeted SDR peak luminance (100 cd/m?) and the presentation display
maximum luminance, while maintaining the creative intent captured in the mapping between SDR and HDR as best as
possible.

In the decoder, the linear-light value ¥ coming out of the block "To linear signal", see clause 7.2.3.1.8, but before
entering the block "Inverse EOTF" in the decoder, see clause 7.2.3.1.9, isfirst processed by atone mapping process as
described in clause C.2.2 and see also Figure E.1.

NOTE 1: Itispossibleto create one LUT to implement the full process depicted in Figure E.1.

NOTE 2: The display adaptation may be tuned to accommodate to personal preferences by using values of the
output variables of the process specified in clause E.4 instead of the ones stored in the structure
luminance_mapping_variables( ) of the reconstruction metadata as specified in clause 6.2.5 for the
luminance mapping variables tminputSignalBlackLevelOffset, tminputSignalWhiteLevel Offset,
shadowGain, highlightGain, and midToneWidthAdjFactor.
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mastering display
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Figure E.1: Display adaptation process

The block "Tone mapping" in Figure E.1 consists of all of the blocks shown in Figure C.2 and is shown in Figure E.2.

presentation

mr::;e;-:]ﬁi:;[::y black/white local slope tone mapping output display max
SMPTE ST 2086 level offset adjustment fine tuning function luMminance
Y Yus | Blackiwhite | v, Tone Yadj . ,
S ol | el el mapang e Ament [y Toe
9 adaptation curve Yie g
Ydeﬂ'sp
Y,
e p- Gain limiter |-
Switch paosition in gain limiter depends
on value of Yai

tmiInputSignalBlackLevelOffset
Figure E.2: Tone mapping process for display adaptation

The parameters to be used in the process "Tone mapping" in Figure E.2 can be recomputed based on the maximum
luminance of the presentation display Lya:sp, as described below.

First, the scaling factors scale, scaleHor and scaleVer are computed, see equations (E.1) to (E.5).

L

K=V (Lt::;:t' Ltarget) (E1)
L

A1=v (ﬁ L,,disp) (E2)
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(A-1)x(xk+1)

scale = e Dx(e—D) (E.3)
_1-(1=4)

scaleHor = R (E.9)
1-1

scaleVer = Max (ﬁ’ 0) (E.5)

where:

e Lypg isthe maximum display mastering luminance from the variable hdrDisplayMaxLuminance in the
structure hdr_characteristics( ) of the reconstruction metadata (clause 6.3.3.4);

®  Ligrger iSthe maximum SDR luminance (100 cd/n);
®  Lygisp iSthe maximum luminance of the presentation display;
. and v(x, y) istaken from equations (2) and (3).

The block "To perceptual uniform signal” in Figure E.2 can be used as described in clause C.2.2.2 with the parameters
specified there.

NOTE 3: The operation in the block "To perceptua uniform signal” in Figure E.2 isthe inverse of the block "To
linear signal” in Figure E.1. Therefore, these two operations can be omitted in an implementation.

The block "Black/white level adaptation™ in Figure E.2 can be used as described in clause C.2.2.3 with the parameters
as recomputed according to equations (E.6) to (E.7).

TMWLOp, = TMWLO X Max(scaleHor;0) (E.6)
where;

. TMWLOisthetminputSignalWhiteLevelOffset as stored in the structure luminance_mapping_variables( ) of
the reconstruction metadata as specified in clause 6.2.5; and

. TMWILOpa is the recomputed tminputSignalWhiteLevel Offset to be used in the block "Black/white level
adaptation” in Figure E.2.

TMBLOp, = TMBLO X Max(scaleHor;0) (E.7)
where:

. TMBLOisthetminputSignalBlackLevelOffset as stored in the structure luminance_mapping_variables( ) of
the reconstruction metadata as specified in clause 6.2.5; and

. TMBLOp4 is the recomputed tminputSignalBlackLevel Offset to be used in the block "Black/white level
adaptation” in Figure E.2.

The block "Tone mapping curve" in Figure E.2 can be used as described in clause C.2.2.4 with the parameters as
recomputed according to equations (E.8) to (E.16) and with using the value of L,4;s,, the maximum luminance of the
presentation display, for L4 instead of 100 cd/m? in equation (C.26).

1-HGC

MIDX = (E.8)
SGC—-HGC

MIDX, = "2 o (1 — scale) + MIDX (E.9)

MIDYp, = —1 x MIDX,,, + MIDX x (SGC + 1) (E.10)
_ MIDYpa

SGCha = gl (E.11)
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where:

. SGCand HGC are computed according to equations (C.27) and (C.28) using the unmodified metadata and
using Ly q;s, €qual to 100 cd/m?.

parap, = v(Abs(scale), Lypr) X para (E.12)
where:
e  paraiscomputed according to equation (C.29) using the unmodified metadata;

. and v(x, y) istaken from equations (2) and (3).

0, lfMIDXDA_l =0
HGCps = Max (M ;0), otherwise (E13)
MIDXpa—1
shadowGainp, = (@ - 0.5) X 4 (E.14)

where;
. shadowGainpa is the recomputed shadowGain to be used in the block "Tone mapping curve" in Figure E.2.
highlightGainp, = HGCp, X 4 (E.15)
where;
. highlightGainoa is the recomputed highlightGain to be used in the block " Tone mapping curve" in Figure E.2.
midToneWidthAdjFactory, = parap, X 2 (E.16)
where;

e  midToneWidthAdjFactorpa isthe recomputed midToneWidthAdjFactor to be used in the block "Tone
mapping curve" in Figure E.2.

The block "Adjustment curve" in Figure E.2 can be used as described in clause C.2.2.5 with the pairs
tmOutputFineTuningX[ i ], tmOutputFineTuningY[ i ] asrecomputed according to equations (E.17) to (E.19).

First, the points tmOutputFineTuningX[ i ], which are valuesin the perceptual uniform domain of the SDR image, are
scaled to the corresponding values for the HDR image at the mastering display by 'going backwards' through the block
"Tone mapping curve" and the block "Black/white level adaptation™ in the encoder, Figure C.2. Going backwards
means that first the inverse tone mapping should be applied and then the inverse black/white adaptation, see

equation (E.17).

Xiypr = BWADiyy (TMOiny (%)) (E.17)

where:

° x;isthetmOutputFineTuningX[ i ] as stored in the structure luminance_mapping_variables( ) of the
reconstruction metadata as specified in clause 6.2.5,

. x_; = 0, in case an additional inferred point (0; 0) isrequired, as specified in clause 6.3.5.9;

® X imoutputFineTuningvumval = 1, IN Case an additional inferred point (1; 1) isrequired, as specified in clause
6.3.5.9;

Xipr 1S the scaled x;, including if applicable the valuesfor i = —1 and { = tmOutputFineTuningNumVal,
corresponding to the HDR image at the mastering display;

. TMO0;,,, (x) istaken from equation (7), using the values of the variables shadowGain, highlightGain and
midToneWidthAdjFactor in the structure luminance_mapping_variables( ) of the reconstruction metadata
(clause 6.2.5); and

o BWADy,(Yaaj) = Y, ascomputed by equation (15).
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Next, the corresponding values for the HDR image at the mastering display, x;,,, ., are scaled to correspond to the
image at the presentation display, using the block "Black/white level adaptation” and the block "Tone mapping curve"
in the encoder, see equation (E.18).

xiDA = TMODA (BWADDA(xiHDR)) (E18)
where;

. X; s the recomputed x;, including if applicable the valuesfor i = —1 and

i = tmOutputFineTuningNumVal, to be used in the block "Adjustment curve" in Figure E.2;

e BWADp, (Ypus) = Y, 8 computed by equations (C.16), (C.17) and (C.18) and using the recomputed
tminputSignalBlackLevelOffset and tminputSignalWhiteLevel Offset from equations (E.6) to (E.7);

. and TMOp,(X) isTMO(X) from (C.20) up to and including equation (C.29), with the parameters as
recomputed according to equations (E.8) to (E.16).

Last, the points tmOutputFineTuningY[ i ], are scaled to what they should be for the image at the presentation display
with equation (E.19) using the scaling factor scaleVer derived with equation (E.5).

Yipy = Min ((Yi —x;) X scaleVer +x;, ,; 1) (E19)
where:

e  yiisthetmOutputFineTuningY[ i] as stored in the structure luminance_mapping_variables( ) of the
reconstruction metadata as specified in clause 6.2.5;

. y_1 = 0, in case an additional inferred point (0; 0) is required, as specified in clause 6.3.5.9;

®  YimoutputFineTuningNumval = 1, iN Case an additional inferred point (1; 1) isrequired, as specified in
clause 6.3.5.9; and

. Yipa is the recomputed y;, including if applicable the valuesfor i = —1 and i =
tmOutputFineTuningNumVal, to be used in the block "Adjustment curve" in Figure E.2.

In case the x-coordinate of the starting point of the list of pairs (x; , ,; ¥i,,) islarger than zero, or if the x-coordinate of
the ending point is smaller than one, the list is extended before it is used in the block " Adjustment curve" with one or
two inferred points, such that the starting point of the list is always (0; 0) and the end point isaways (1; 1).

Theblock "Gain limiter" in Figure E.2 is used as described in clause C.2.2.6.

The block "To linear signal" in Figure E.2 is used as described in clause C.2.2.7 with the value of L, 4;s, for the
parameter Lypg-.

The output of the tone mapping process, the signal Yipaisy from the block "To linear signal” in Figure E.2, is then used
asinput signal ¥z for the block "Inverse EOTF" in the decoder, see clause 7.2.3.1.9.

In the processing specified in clause 7.2.3.1.9, clause 7.2.3.2 and clause 7.2.4, the value for modFactor is set according
to equation (E.20).

modFactor = (Lygisp — 100) + (Lypg — 100) (E.20)

NOTE 4: modFactor = 1 in case no display adaptation is performed.

E.3  Display adaptation and HDMI

In case the display adaptation process that is described in clause E.2 is performed and the presentation monitor is
connected by HDM I, the values of the maximum content light level MaxCLL and the maximum picture average light
level MaxFALL in the Dynamic Range and Mastering InfoFrame, as specified in the CTA-861-G specification [i.1]
should be set to 0.

ETSI



119 ETSI TS 103 433-1 V1.3.1 (2020-03)

E.4  Display adaptation tuning

The display adaptation specified in clause E.2 can be tuned in order to accommodate to personal preferences by using
tuned versions of a subset of the metadata input variables to the display adaptation specified in clause E.2. This tuning
is done by means of defining an alternate display adaptation tuning profile. With such an aternate profile, one can put
more or less emphasis on desired areas of the tone mapping curve depending on the presentation display maximum
luminance capability.

In order to be able to use the display adaptation tuning, the metadata input variables to the process specified in
clause E.2, tmInputSignalWhiteLevel Offset, tminputSignalBlackLevel Offset, shadowGain, highlightGain, and
midToneWidthAdjFactor, need to be replaced by the output variables of this clause,
tunedTmInputSignalWhiteLevelOffset, tunedTmInputSignalBlackLevelOffset, tunedShadowGain,
tunedHighlightGain, and tunedMidToneWidthAdjFactor respectively.

This clause specifies the process to determine the tuned metadata input variables.
This process takes as inputs:

. the dynamic metadata, i.e. the luminance mapping variablestminputSignalBlackLevelOffset,
tminputSignalWhiteLevelOffset, shadowGain, highlightGain, and midToneWidthAdjFactor, as stored in
the structure luminance_mapping_variables( ) of the reconstruction metadata as specified in clause 6.2.5;

. the alternative metadata, i.e. altTminputSignalWhiteLevel Offset, altTmInputSignalBlackLevelOffset,
altShadowGain, altHighlightGain, and altMid ToneWidthAdjFactor that are variables that have the same
properties and range restrictions as their respective counterparts with the exception that they are local variables
not received via the dynamic metadata channel;

e the maximum luminance of the presentation display, L,qisp;
e theluminance limits L,,;;, and L,q,, Suchthat Lgpr < Liin < Limax < Lupr;
where:

- Lypg isthe maximum display mastering luminance from the variable hdrDisplayMaxLuminance in the
structure hdr_characteristics( ) of the reconstruction metadata (clause 6.3.3.4);

- Lgpr isthe maximum SDR luminance (100 cd/n?); and
e  theblending factor a, suchthat 0 < a < 1.
The process generates as output:
. tunedTminputSignalWhiteLevel Offset;
° tunedTminputSignalBlackLevelOffset;
° tunedShadowGain;
. tunedHighlightGain; and
. tunedMidToneWidthAdjFactor.

The output variables of this process are computed from itsinputs as specified by equations (E.21) up to and including
(E.25).

tunedTmInputSignalWhiteLevelOffset =

a X altTmInputSignalWhiteLevelOffset + (1 — @) X tmInputSignalWhiteLevelOffset (E.21)
tunedTmInputSignalBlackLevelOffset =

a X altTmInputSignalBlackLevelOffset + (1 — a) X tmInputSignalBlackLevelOffset (E.22)

tunedShadowGain = a X altShadowGain + (1 — ) X shadowGain (E.23)

tunedHighlightGain = a x altHighlightGain + (1 — «) X highlightGain (E.24)

ETSI



120 ETSI TS 103 433-1 V1.3.1 (2020-03)
tunedMidToneWidthAdjFactor =
a X altMidToneWidthAdjFactor + (1 — a) X midToneWidthAdjFactor (E.25)
where;
e theblending factor aissuchthat 0 < a < 1.

The blending factor « may be determined as a function of the maximum luminance of the presentation display in the
following way.

An example value for L,,;,, may be L,,;, = 100 cd/m?.
An example value for L,,q,, may be 0,5 X Lypg, or 50 % of the maximum luminance of the HDR mastering display.

The luminance limits L,,,;, and L,,,,., ae converted to their counterparts in the perceptual uniform domain according to
equations (E.26) and (E.27).

Lmi

Umin = U(—L:D:; yLupr) (E.26)
Lmax

Umax = U(LHDR , LHDR) (E-27)

where;
e v(x,y) istaken from equations (2) and (3).

Finally, the blending factor « is computed according to equation (E.28).
(o, U(m s Lupr) < Vin
Lupr

Lpdisp
o« = 1, U(LHDR »Lupr) 2 Vinax (E.28)
Lpdisp
lky( LHDR
UYmax~Vmin

\LHDR)=Vmin

, elsewhere

where;
®  Lpgsp iSthe maximum luminance of the presentation display, with Lspr < Lygisp < Lppr-

NOTE 1: Inthe display adaptation tuning specified in this clause, the dynamic metadata from clause 6.2.5 are used
asisfor display adaptation to Lg,,. With increasing maximum luminance of the presentation display from
Lgpr, the display adaptation from clause E.2 is gradually changing from using the dynamic metadata from
clause 6.2.5 to using the alternative metadata, where for display adaptation at L,,,,, and above, the
alternative metadataisused asis.

NOTE 2: The alternative metadata may be derived from the dynamic metadata from clause 6.2.5.

E.5 Minimum and maximum value of Lygisp fOr display
adaptation

In case Lyq;sp, 1S anywhere in between 100 cd/m? and the maximum luminance of the HDR grading monitor,
hdrDisplayMaxLuminance (clause 6.2.3), the metadata recomputation for display adaptation of clause E.2 isin effect
an interpolation.

It is possible to recompute the metadata using the same procedure of clause E.2 to perform display adaptation for a
presentation display with avalue of L, s, that is higher than the maximum luminance of the HDR grading monitor.

Because thisis now an extrapolation, care should be taken not to use values for L, 4;, that are too high.

This clause offers arecommendation for the lower and upper boundary of L,;s, for applying the procedure of
clause E.2 for display adaptation.
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Display adaptation should not be used for avalue of L,4;, lower than or equal t0 Ly, 45, min, OF higher than Ly,qisp max»
see equations (E.29) and (E.30).
Lpdisp,min =100 Cd/mz (E29)

Lupr X 2, if Lypr < 1000 cd/m?

L _ E.30
pdisp_max {Min(Max(LHDR % 1,25;2 000); 10 000), otherwise (E-30)

where:

. Lypr isthe HDR mastering display maximum luminance hdrDisplayMaxLuminance.
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Annex F (informative):
Error-concealment: recovery in post-processor from
metadata loss or corruption

F.1 Introduction

SL-HDR1 streams are designed to be supported by legacy and future video distribution workflows. In the present
document, SL-HDR1 parameters are conveyed in SEI messages that are seamlessly embedded in the coded video
bitstream. In the unlikely event that a portion or al the SEI messages related to SL-HDR1 are pruned by a distribution
equipment (e.g. when an SL-HDR1 stream is decoded, mixed, re-encoded, redistributed etc. by certain affiliate
networks), this annex provides means to recover parameters default values for use in the SL-HDR1 post-processor.
Dynamic metadata | oss affects the reconstructed picture fidelity to the source picture. However, unlike blind inverse
tone mapping operators, the recovered values of SL-HDR1 parameters allow containing a portion of the artistic intent of
the source picture as the source picture was decomposed with an SL-HDR1 pre-processor which processing
characteristics are very close to the SL-HDR1 post-processor (invertibility property). The methods proposed in this
annex are also applicable in case that a corruption of metadata is detected.

It is expected that a distribution network leveraging an SL-HDRL1 stream indicates an SL-HDR-enabled service at the
system layer level. Thus, aloss of metadata related to the SL-HDR1 stream could be detected.

Recovery values helpful for reconstructing the HDR picture are provided in clause F.2.
A recovery procedure for the variable shadow_gain_control is documented in clause F.3.

In case an inverse gamut mapping is detected as being necessary after the HDR reconstruction process and relating
metadata are lost or corrupted, it is recommended to apply a reverse colour space conversion as described in SMPTE
RP 1771i.9].

F.2  Metadata values for recovery mode

The metadata used for obtaining the HDR reconstructed picture may have their values recovered in case of loss or
corruption. The following Table F.1 proposes recovery val ues for the syntax elements of the SL-HDR Information SEI
message that are involved in the SDR-to-HDR reconstruction process.

It is noted that matrix_coefficient_value[ i ] default values correspond to the canonical coefficients of the Y'C',C'-to-
R'G'B' conversion matrix for either BT.2020 or BT.709 colour space.

Typically, the values of matrix_coefficient_value[ i ] provided in Table F.1 are computed as follows:
matrix_coefficient value[i] = Floor(c(i) X 256 + 512 +0,5) (F.1)

with ¢(i) = {1,4746; —0,1646; —0,5714; 1,8814}, if BT.2020 primaries (coefficients computed from
Recommendation ITU-R BT.2020-2 [7]),

or c(i) = {1,5748; —0,1874; —0,4681;1,8556}, if BT.709 primaries (coefficients computed from Recommendation
ITU-R BT.709-6 [6]).

By default, the BT.2020 matrix coefficients may be selected for the recovery procedure. However, it is possible that the
service layer provides information on the colour space in which the SDR pre-processed picture is represented.
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Table F.1: Default metadata values for recovery mode

Syntax element Recovery value
sl_hdr_payload_mode 0
matrix_coefficient_value[ i ] {889; 470; 366; 994}, if BT.2020 [7]
{915; 464, 392; 987}, if BT.709 [6]
chroma_to_luma_injection[i] {0;1638}
k_coefficient_value[i] {0; 0; 0}
tone_mapping_input_signal_black_level_offset 0
tone_mapping_input_signal_white_level_offset 0
shadow_gain_control See clause F.3
highlight_gain_control 255
mid_tone_width_adjustment_factor 64
tone_mapping_output_fine_tuning_num_val 0
saturation_gain_num_val 1
saturation_gain_x[ 0] 0
saturation_gain_y[ 0 ] 118, if BT.2020 [7]
115, if BT.709 [6]

F.3 Recovery of shadow_gain_control

Itislikely that at the service level information or for a specific workflow the value of hdrDisplayMaxLuminance is
known. If it isnot, hdrDisplayMaxLuminance is set to the maximum luminance of the presentation display when
available, otherwiseit is arbitrarily set to avalue of 1 000 cd/n2. The latter value corresponds to the currently observed
reference maximum display mastering luminance in most of the HDR markets.The value of hdrDisplayMaxLuminance
that is obtained in this way can be input in equation (F.2) in order to compute the recovery value of
shadow_gain_control.

shadow_gain_control = Clip3(0 ;255 ; Floor(r (hdrDisplayMaxLuminance) X 127,5+0,5)) (F.2)

withr,(x) = —2> 2 (F.3)

1
1n(1+4,7x(%)ﬁ)
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Annex G (informative):
ETSI TS 103 433 signalling in CTA-861-G

G.1 Introduction

CTA-861-G [i.1] and CTA-861.4 [i.2] specify how ETSI TS 103 433 multi-part deliverable metadata can be carried on
CE digital interfaces (e.g. HDMI). SL-HDR metadata may be delivered over a CTA-861-G interface to an SL-HDR
capable sink in case an upstream source is not able to process SL-HDR metadata. This annex documents additional
signalling and mapping for the HDR Dynamic Metadata Block (clause G.2) and the HDR Dynamic M etadata Extended
InfoFrame (clause G.3) specified in CTA-861-G [i.1] and CTA-861.4[i.2].

G.2 HDR Dynamic Metadata Data Block

The HDR Dynamic Metadata Data Block is used for signalling a sink device's specific HDR dynamic metadata support
capabilities to a source device. ETSI TS 103 433 metadata support is signalled by a sink when the Supported HDR
Dynamic Metadata Type has a value of 0x0002.

In the byte specified as Support Flags for Supported HDR Dynamic Metadata Type 0x0002, the bits 0-3 define the
ts 103 433 spec_version syntax element and the bits 4-6 define the s_hdr_mode_support syntax element.

The present ETSI TS 103 433 multi-part deliverable specifies several modes that use the same SEI messages (SL-HDR
Information and Mastering Display Colour Volume SEI messages) to carry SL-HDR metadata. The processing
associated to the different parts may be different and is specified in each part of ETSI TS 103 433. In order to signal
sink capability with regards to the support of each part of this version of the multi-part deliverable ETSI TS 103 433,
the new s_hdr_mode _support syntax element is used.

Thets 103 433 _spec_version syntax element val ue should be mapped to the value of s_hdr_spec_major_version_idc
(specified in clause A.2.2) to indicate the SL-HDR specification version supported by the sink. The
ts 103 433 spec_version value should be equal or greater than 1.

Thed_hdr_mode _support syntax element value should be mapped bitwise as specified in Table G.1.

Table G.1: Mapping of sl_hdr_mode_support bits
for Supported HDR Dynamic Metadata Type 0x0002

sl_hdr_mode_support Value
bitfield
ba sl_hdr_mode value_minus1==0?1:0
bs sl_hdr_mode value_minusl==1?1:0
bs sl_hdr_mode_value_minusl ==27?1: 0

. b4 should be equal to 1 when thesink iSETSI TS 103 433-1 capable. bs should be equal to O whenthesink is
not ETSI TS 103 433-1 capable.

. bs should be equal to 1 whenthe sink isETSI TS 103 433-2 [i.12] capable. bs should be equal to 0 when the
sink isnot ETSI TS 103 433-2 [i.12] capable.

. bs should be equal to 1 when thesink isETSI TS 103 433-3 [i.13] capable. bs should be equal to 0 when the
sinkisnot ETSI TS 103 433-3 [i.13] capable.

G.3 HDR Dynamic Metadata Extended InfoFrame

In CTA-861-G [i.1] and CTA-861.4[i.2], the HDR Dynamic Metadata Extended InfoFrame is used by a source device
for identifying and delivering HDR dynamic metadata to a sink device.
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HDR Dynamic Metadata for ETSI TS 103 433 are delivered by the source device using the Extended InfoFrame Type
value egual to 0x0002 indicating "HDR Dynamic Metadata carried in Supplemental Enhancement Information (SEI)
messages according to ETS| TS 103 433". The Application-specific Datain Data Bytes 1-n of the Extended InfoFrame
is a concatenation of the Supplemental Enhancement Information (SEI) messages described in the Annex A of the
present document and, if present, the Mastering Display Colour Volume (MDCV) SEI message as defined in
Recommendation ITU-T H.264 [3] and Recommendation ITU-T H.265 [4], in any order.

The sink device should interpret and use ETSI TS 103 433 multi-part deliverable metadata with its SL-HDR processing
mode based on the value of s_hdr_mode value_minusl syntax element present in the SL-HDR Information SEI message
as specified in clauses A.2.2 and A.2.3.
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Annex H (informative):
SL-HDR metadata indication for CMAF based applications

SL-HDR reconstruction metadata may be included in CMAF AV C or CMAF HEV C video tracks (specified in

I SO/IEC 23000-19 [i.14], clause 9.4) according to the method specified in Annex A for HEVC and Annex B for AV C,
respectively. To indicate the presence of SL-HDR reconstruction metadata in the video tracks, the following
four-character SL-HDR compatibility brands have been defined:

'shl' toindicate presence of SL-HDR1 reconstruction metadata specified in the present document (part 1);
'sth2'  to indicate presence of SL-HDR2 reconstruction metadata specified in part 2 [i.12]; and
'slh3'  to indicate presence of SL-HDRS3 reconstruction metadata specified in part 3 [i.13].

The applicable four-character SL-HDR compatibility brand should be added to the CMAF file brand for video tracks
that contain SL-HDR reconstruction metadata.

Examples of CMAF media profiles with related file brands and SL-HDR compatibility brands are listed in Table H.1.

Table H.1: Examples of CMAF media profiles

Media Codec Profile Level Transfer Max CMAF File SL-HDR
profile Characteristic Resolution Brand Compatibility
(see NOTE 1) (see NOTE 2) Brand
HD AVC High 4.0 1 (BT.709 OETF) HD ‘cthd’ 'slhl’
HDHF AVC High 4.2 1 (BT.709 OETF) HD ‘chdf’ 'slhl’
HHD8 HEVC Main 4.1 1 (BT.709 OETF) HD ‘chhd’ 'slhl’
Main tier
8-hit
HHD10 HEVC Main 10 4.1 1 (BT.709 OETF) HD ‘chhl’ 'slhl’
Main tier
10-bit
UHD8 HEVC Main 5.0 1 (BT.709 OETF) UHD ‘cud8’ 'slhl’
Main tier
8-hit
UHD10 HEVC Main 10 5.1 1 (BT.709 OETF) UHD ‘cudl’ 'slhl’
Main tier 14 (BT.2020 OETF)
10-bit
HDR10 HEVC Main 10 5.1 16 (BT.2100 PQ UHD ‘chdl’ 'slh2'
Main tier OETF)
10-hit
HLG10 HEVC Main 10 5.1 18 (BT.2100 HLG UHD ‘clgl’ 'slh3'
Main tier OETF)
10-bit 14 (BT.2020 OETF)
NOTE 1: Values of 1 and 14 for transfer characteristics are functionally equivalent. If the value of 14 is used for
HLG10, the alternative_transfer_characteristics SEI message defined in HEVC or AVC specifications
indicates HLG (value of 18).
NOTE 2: The HD maximum resolution corresponds to a picture size of 1920 pixels (horizontal) by 1080 pixels
(vertical). The UHD maximum resolution corresponds to a picture size of 3840 pixels (horizontal) by 2160
pixels (vertical).
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Annex | (informative):
Use of SL-HDR in DVB Services

The Digital Video Broadcasting (DVB) specification ETSI TS 101 154 [i.17] contains implementation guidelines and
conformance points for the use of audio-visual coding utilizing MPEG-2 Systems in satellite, cable and terrestrial
broadcasting systems and in | P-based networks, and for the use of video coding for adaptive bitrate delivery over | P-
based networks. To provide the user of DVB hitstreams with information about services and/or events within the
bitstream, DVB bitstreams contain Service Information (Sl) data specified in ETSI EN 300 468 [i.15] with associated
guidelinesin ETSI EN 101 211 [i.16].

SL-HDR metadata can be included in DV B bitstreams according to the method, syntax and semantics specified in
Annex A of the present document for HEV C bitstreams and Annex B of the present document for AV C bitstreams.
Requirements for inclusion of SL-HDR dynamic metadata are specified in ETSI TS 101 154 [i.17] for specific cases.
For instance, requirements for SL-HDR2 dynamic metadatain HEVC HDR UHDTYV bitstreams are specified in
clause 5.14.4.4.3.4.4[i.17].

The presence of SL-HDR metadata in the DVB bitstream should be signalled in DVB Service Information by including
component descriptors in compliance with ETS|I EN 300 468 [i.15]. Depending on the kind of bitstream and the kind of
SL-HDR dynamic metadata, a predefined component descriptor may have been specified in clause 6.2.8 of ETSI

EN 300 468 [i.15]. For instance, the presence of SL-HDR2 dynamic metadatain HEVC HDR UHDTYV bitstreamsis
indicated by means of a component descriptor with a value of OxB for stream_content, OxF for stream_content_ext and
0x07 for component_type.

If a predefined component descriptor is not specified in ETSI EN 300 468 [i.15], a user defined component descriptor
should be used with parameter values according to Table |.1, preceded by a private data specifier descriptor with the
private_data_specifier field set to 0x00000B 10.

Table I.1: SL-HDR user defined component descriptors for private data use

stream_content stream_content_ext component_type Description
OxE OxF 0x31 ETSI TS 103 433-1
dynamic metadata
OxE OxF 0x32 ETSI TS 103 433-2 [i.12]
dynamic metadata
OxE OxF 0x33 ETSI TS 103 433-3 [i.13]
dynamic metadata
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Annex J (informative):

Change History

Date Version Information about changes

Early draft:
Plan of the specification

February 2017 1.1.2 Revise foreword (enabling multi-part deliverables)
New annexes F, G, H, |
Foreword

March 2017 1.1.3 Stable draft

May 2017 1.1.4 Second stable draft

June 2017 1.1.5 Draft for approval

July 2017 1.1.6 Draft for approval: addressing Edithelp! comments

June 2019 1.2.2 Early draft

August 2019 1.2.3 Stable draft

November 2019 1.2.4 Final draft for approval
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