US 20170264859A1

a2y Patent Application Publication (0 Pub. No.: US 2017/0264859 A1

a9 United States

DRUGEON et al.

43) Pub. Date: Sep. 14, 2017

(54) DATA GENERATION METHOD, DATA
REPRODUCTION METHOD, DATA
GENERATION DEVICE AND DATA
REPRODUCTION DEVICE

(71) Applicant: Panasonic Intellectual Property
Management Co., Litd., Osaka (IP)

(72) Inventors: Virginie DRUGEON, Darmstadt (DE);

Takahiro NISHI, Nara (JP); Tadamasa
TOMA, Osaka (JP)

(21) Appl. No.: 15/611,168
(22) Filed: Jun. 1, 2017

Related U.S. Application Data

(63) Continuation of application No. PCT/JP2015/
005894, filed on Nov. 27, 2015.

(60) Provisional application No. 62/087,035, filed on Dec.
3,2014.

(30) Foreign Application Priority Data

Nov. 9, 2015 (JP) weeeiviiciiiciice. 2015-219859

Publication Classification

(51) Int. CL
HO4N 7/01 (2006.01)
HO4N 21/236 (2006.01)
HO4N 21/2343 (2006.01)
(52) US.CL
CPC ... HO4N 7/0117 (2013.01); HO4N 21/2343
(2013.01); HO4N 21/23614 (2013.01)

(57) ABSTRACT

A data generation method is for generating video data that
covers a second luminance dynamic range wider than a first
luminance dynamic range and has reproduction compatibil-
ity with a first device that does not support reproduction of
video having the second luminance dynamic range and
supports reproduction of video having the first luminance
dynamic range, and includes: generating a video signal to be
included in the video data using a second OETF; storing,
into VUI in the video data, first transfer function information
for identifying a first OETF to be referred to by the first
device when the first device decodes the video data; and
storing, into SEI in the video data, second transfer function
information for identifying a second OETF to be referred to
by a second device supporting reproduction of video having
the second luminance dynamic range when the second
device decodes the video data.

110 120
/_/
DATA GENERATION DEVICE DATA REPRODUCTION DEVICE
111 112 113 121 122 123
ﬂ P Z
VID}TEA?L ENCODER MULTIPLEXER 0 /] X
GESIEIGE%ATOR > ED >~ MUL 2 DEMULTIPLEXER > DECODER |>{ REPRODUCER

1 DOLBY 1012



US 2017/0264859 Al

Sep. 14,2017 Sheet 1 of 10

Patent Application Publication

Q0T

HONVNINLT i

' HOLVIN
) ATIVILNVLISLNS

: ALAO ¥AS

HdLHO HAH

A
HOH 04 HHONVY HONVNINAT MMDAAQV Hd0D
ddS 404 HONVYE IONVNINN'T

g DId
YOLVIEINTD
HUDNAOUdHY < A dOD U (e U UXH T ILTANHA HAXATAILTANW < THAODN < ‘.WW/%HKH/@
=~ ~ ol ~ ~ ~
el (44 121 eIt 48 T11
HITATA NOLLONJOYdHY VILVA AOIAHA NOILLVIINED VILVA
~ ~
021 011

T D14




US 2017/0264859 Al

Sep. 14,2017 Sheet 2 of 10

Patent Application Publication

{
{
en SJJO00” XLIJeUI
|n SOT}SLISJORIBTD I9JSURI)
(8)n seLrewLid anojoo
b
( Seyjussard uondLISap T INO0[0d HIT
(Hn ey juesexd uorydusep anojoo
J03dLose(q 1 ()s1ojewrered ma

€ DI




US 2017/0264859 Al

Sep. 14,2017 Sheet 3 of 10

Patent Application Publication

DHIOST | L-NLI4q 981 80Ny 10,4 poATessy| GGa 8T
(¢T pue‘g ‘T sanjeaays se awres o] L[[euoijouny) 0=<"T<g737T,008F=A
020¢"Ld d-[1.LI 094 §=<"T=<TIOJ(I-D) -y TaD=A V1
(ST pue F1 ‘g sen[ASY) S oWIBS dY) A[[BUOTIOUN])
welsAs Jnuresd Inojod [euoryueatod 19¢1 L9 M-N.LI 094 0=<"T<gI07 7T, 00CF=A
¢-60LLd ¥-NLLI 994 g=<"1=< T2 (I-D)-a"TxP=A] T
QAVOST | I-NJI4q 8sn 2anjng 10, poadesay 0
{IeuIay] 9 AT} BULIOJU] OISO BIRYY) JOJSUBLY,| ON[BA
¥ OId




US 2017/0264859 Al

Sep. 14,2017 Sheet 4 of 10

Patent Application Publication

OMVOSI | L-NLI £49 #sn aanjng J0,] paatesay | €CZ IR
(EMUL-T) «
i m\« =d
=((1 - @z +I) xgdxe ,d=x
m:oﬂm:dm
a1} 03 wonynios ayj 3uteq d pue U ‘A pue
g=3 ﬁs»
$107 1990300 0€ Wolp H-6%€/09 Y-[1LI 0 =< =<+ M X0 Tip =
juswmnoop ut pesodoad s8 § = X YIIM JLH( eWWeY) PraqAg D Mxtd<T=<a0§d + (U, b= > 02
(@pyur - c dp=d
=(T-r D)« Oy
wgcﬂmswu
a3 03 uotynyos sy Suteq d pue It ‘d pue
9 = M [YIM
$102 1090390 08 Woxy H-67E/D9 H-(1.LI 0=<T=<¥ =110 Iap =
juaumoop ut pesodoad sg 9 = 3 [IIM J [ BWURY) PLIGAL] DI et T=c 13070+ (TOU , U= A 61
(@Mt 1) 5 =9
G+ .l..@( =
p=((1- (@ p+ 1) 5 A0 =%
wﬁosmzam
ay3 03 uoynjos ayj Suteq d pue U ‘i pue
P =¥ U
V102 3990300 08 WOy H-6V£/09 W-LLI 0 =< =< =l 1) i =
justunoop ur pesodoad 88 § = M Y3 [ HO ewwesn) pragiy O9g A T=c {1030+ ([Uu] , U= A ST
(ST pue ‘g ‘T sen[eA 9y} SE aWES 8] A[[RUOHOUNY) 0=<"T<gao; 7, oom = >
0202 L9 4-11L] 994 g=< T=<T I (T -D) - g T2 P = F1
(ST pu® ‘p1 ‘g senyea ay) sk auwres ayy m:mnoﬂoﬁsb o
W8)sAs MBS IMO[0d TRUOIUaAUD (92T L9 H-NLI 204 0=<"T<9g705°T . 008F = A
€-60.°Ld ¥-NLI 09y g=<"T=<T12J(1-D)-q"T«P=A| 1
DAVOST | L-[1LI 49 951 aaning 10,0 paatasay 0
JIBUIey 9AIJBULIOU] OIBLIOPBABYY) IOJSUBLL, | ONJEA
SO




US 2017/0264859 Al

Sep. 14,2017 Sheet 5 of 10

Patent Application Publication

/5 AIBSS909U JT JU3U00 Y (TH 9Y3
1noge UOIJRULIOJUT 1370 ASAUO0D PINOO 93BSSOW [HS 9Y T, »/

Lo [eA8] 9In301d 93BISAR TWINWIIXBUI

(Z)n 9SBaIOUT 93UBI OTUIRUAD
a103dLIoss(] } (ozigpeorded yewwes pLqAy YqH

LOId
{
/» ATBSS909U JT JU9IU00 Y (H 2Y3
IN0Qe UOIJRUIOFUT 1970 A2AUO0D PTNOD 35BSSOW [HS 9L, 4/

(|)n SOTJSTISJORIRYD AoJsURI) YAH

aoydrrose([ } (9zigpeolded yewrwres pLIqAY YO H

9 O




US 2017/0264859 Al

Sep. 14,2017 Sheet 6 of 10

Patent Application Publication

-

[ ATBS$IIOU JT JUSJUOD Y (TH O
JNOQE UOTJBULIOFUT 12T} 0
£0ATI00 PINOD UOTSUDIXS §JS UL, 4/

(Lo 1eA9] eanjord sFeIsse WNWIXRW
(@mn 98B8IOUTl adues oIWBUAp
ITogduiose(y }Quosueixs ewmes T praqAy Ipy~ sds

(In 3B[J B)BP UOISUSIX™ sdS
( (erep dsqr aIow )o[iym
( 8311qG uoIsu9Ixe sds I
Czoﬂmﬂmpxmﬂmﬁﬁm PLIGAY Jpy sds
( wmﬁlﬁoﬁwﬁmuxwlmgﬁmmlmmahn‘.%slmQm i
/v J ¥9UUY Ul pafgieds ,/ (JUOISUa)Xe IsAR[jnu sds
( Seyf uorsusyxo Jederrnu sds )JI
(yuorsuajxe” esuer sds
( 3B[j uolsuejxe oduet sds It
{
(9Hn S1IqG~ UoIsuelxe sds
(In ey uosuelxe ewiwes PLIqAY apy sds
(I)n e[y uorsuexe aederynur sds
(In e[} uorsus)xe” egues sds
Y (Sepy puesead UOISULIXY” sds )1
(DN de[y juesaxd uorsuolxe” sds
101411088 (] 1()dsqa jes” x9jemered bos
8 DId




US 2017/0264859 Al

Sep. 14,2017 Sheet 7 of 10

Patent Application Publication

{
{
Jq189 [ TUSIUOO Y H 243 Woqe
Jqswin L UeTETLIOFTT 13130 Aue 10 +/ PaATesOT
Jqswm m [eas] eanjord o8BI0AE WINTUIXBT
osBeIOUl eduBl OIWRUAD
79189 B } (T, ==8ef JLHO ewwed prqiy JdH )jt
poaxssax
JqIsq 1 Sell JLHO swured pLqAy J(H
Jqswin 8 18us] 103drIosep
Fqswin 3 ey xo3dLaosep
} (roydrmsep ewmesd prqdy YaH
OIUOWUIA] | §31q JO 'ON XBJUAQ
01 "OIA
{
{
/5 ATESSD9 JT U000 (T oYl Moqe
Jqswm UOTJR ULIOJUT IS0 £9AT00 PInod 103d1I0sap 8], 5/
8 SOTISIIOI0RIBYD™ J8JsuBI) YJH
19159 . } (T.==8e} ALHQ ewwes pLqAq ddH )
PoATesox
Jarsq L Sery A 1LHO ewwred pugly YIH
Jqswm 8 y18ue] x03drrosep
Jqswim 8 ey aojdrrosap
} (roydimsop ewwes puqiy JOH
STUOWAUA | $719 JO ON XRJUAG

6 OId




US 2017/0264859 Al

Sep. 14,2017 Sheet 8 of 10

Patent Application Publication

{
. { Jqsuwin g Xew pr [eaoduwrs) A
PoAIasox 4159 g __poaesal
Jarsq 4 poArasal Jqswm € utwr prTexoduey
Jaeq | g 9s[e 3q1sq g pasTesal
9SBaIOUT o8UBI OTWBUAP FGL==
jgswm | g 4t — ) - mm@lummnswl..ﬁm%ﬂJmHoQEmp T
3B} JUL8jU0d Pepod mEENWIEBEI%AV n P CIED C — POALOSOL
39189 1 Seuequod pepos e eS PLIqAY IpY @%E Jq189 T | 88 juoseld eanjold i4yg OAMH
B T gqsq | 1 Seyjueserd TS OATH
L (royduaosep DAHH Iq1sq I Fefyjesqns a1edel Terodwal
-
JTUOWBUIA wmez Nma,ﬁumm w O HO#Q‘“ 1080 DAHH
OTUOTISUTY mmﬁmz xe udg
T DId




US 2017/0264859 Al

Sep. 14,2017 Sheet 9 of 10

Patent Application Publication

HONVHD HONVHD
TONVHD HOd HIVdIHEd HDNVHD H04d HdVdHEd
S0E 40 MOLMOSAC 0 040 MOLAINOSHA J0
NOILdHDHY NOLLdADHY NOLLIHEDHY NOILAHOHY
A A A A
........... L A S )X o
L AR aas LI g L NOLLOA GO
" " NOLLYYHdO
E\wovssan s aariy]  N\DVSSEN 198 auaAH oY/ I RN —
— ! \ Z _ : — AMVININATI

| Rrasdsda/sdsisdabsody v N1 0 NSdd/sds/SIARSOTPEN #tdy - [z 11d {1 01d NIEsNSdd/sds/sds]  OAAIA
I T T

1= Al L0 Pues UGS | [0 2 B L0 v pd Ay | | =5 ALg0 veied ek aqn | ONITIVNDIS
ST e NP AR B DN B LB R NYIALS
QLA A S Jidy T dId | QI L é,m/m £ ard A AIdy ¥ @ld fLAS LN g0 dSNVAL SA
VIVA YAHLIO 40 AId QI1d 09PIA SATAVL GAT ANV SL-ZDAIN
¢l DIA

10



Patent Application Publication

Sep. 14,2017 Sheet 10 of 10

FIG. 13

‘ START ’

US 2017/0264859 Al

S101
S

GENERATE VIDEO SIGNAL USING HYBRID OETF

5102
S

ENCODE (STORE FIRST TRANSFER FUNCTION INFORMATION
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END

FIG. 14
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PREPARE FOR SWITCH

S123
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DECODE (OBTAIN SECOND TRANSFER FUNCTION
INFORMATION INCLUDED

IN HYBRID SEI MESSAGE)

5124
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REPRODUCE DATA FOLLOWING EOS USING SECOND
TRANSFER FUNCTION INFORMATION

END
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DATA GENERATION METHOD, DATA
REPRODUCTION METHOD, DATA
GENERATION DEVICE AND DATA

REPRODUCTION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. continuation application
of PCT International Patent Application Number PCT/
JP2015/005894 filed on Nov. 27, 2015, claiming the benefit
of priority of U.S. Provisional Patent Application No.
62/087,035 filed on Dec. 3, 2014 and Japanese Patent
Application Number 2015-219859 filed on Nov. 9, 2015, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to data generation

methods, data reproduction methods, data generation
devices, and data reproduction devices.

[0004] 2. Description of the Related Art

[0005] As a technique for generating, encoding, and mul-
tiplexing video, there are the techniques disclosed in non-
patent literature (NPL) 1: ITU-T H.265 “High efficiency
video coding”, October, 2014, NPL. 2: Recommendation
ITU-R

[0006] BT.709-5 (04/2002) “Parameter values for the
HDTV standards for production and international pro-
gramme exchange”, and NPL 3: Recommendation ITU-R
BT.2020-1 (06/2014) “Parameter values for ultra-high defi-
nition television systems for production and international
programme exchange”.

SUMMARY

[0007] For such video data generation, new methods have
always been devised, and there is a demand for backward
compatibility with existing devices.

[0008] Thus, an object of the present disclosure is to
provide a data generation method, a data reproduction
method, a data generation device, or a data reproduction
device with backward compatibility.

[0009] In order to achieve the aforementioned object, the
data generation method according to one aspect of the
present disclosure is a data generation method for generating
video data that covers a second luminance dynamic range
wider than a first luminance dynamic range and has repro-
duction compatibility with a first device that does not
support reproduction of video having the second luminance
dynamic range and supports reproduction of video having
the first luminance dynamic range, and the data generation
method includes: generating a video signal to be included in
the video data using a second opto-electrical transfer func-
tion (OETF) to be referred to by a second device when the
second device decodes the video data, the second device
supporting reproduction of video having the second lumi-
nance dynamic range; storing, into video usability informa-
tion (VUI) in the video data, first transfer function informa-
tion for identifying a first OETF to be referred to by the first
device when the first device decodes the video data; and
storing, into supplemental enhancement information (SEI)
in the video data, second transfer function information for
identifying the second OETF.
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[0010] Furthermore, the data reproduction method accord-
ing to one aspect of the present disclosure is a data repro-
duction method for reproducing video data that covers a
second luminance dynamic range wider than a first lumi-
nance dynamic range and has reproduction compatibility
with a first device that does not support reproduction of
video having the second luminance dynamic range and
supports reproduction of video having the first luminance
dynamic range, the video data including: video usability
information (VUI) storing first transfer function information
for identifying a first opto-electrical transfer function
(OETF) to be referred to by the first device when the first
device decodes the video data; and supplemental enhance-
ment information (SET) storing second transfer function
information for identifying a second OETF to be referred to
by a second device when the second device decodes the
video data, the second device supporting reproduction of
video having the second luminance dynamic range, and the
data reproduction method includes: obtaining the second
transfer function information included in the SEI; and repro-
ducing a video signal included in the video data by referring
to the second OETF identified in the second transfer func-
tion information obtained.

[0011] Note that these general and specific aspects may be
implemented using a system, a method, an integrated circuit,
a computer program, or a computer-readable recording
medium such as a compact disc read-only memory (CD-
ROM), or any combination of systems, methods, integrated
circuits, computer programs, or recording media.

[0012] The present disclosure can provide a data genera-
tion method, a data reproduction method, a data generation
device, or a data reproduction device with backward com-
patibility.

BRIEF DESCRIPTION OF DRAWINGS

[0013] These and other objects, advantages and features of
the disclosure will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
present disclosure.

[0014] FIG. 1 illustrates a configuration of a system
according to an embodiment;

[0015] FIG. 2 illustrates one example of an OETF accord-
ing to an embodiment;

[0016] FIG. 3 illustrates a configuration example of a VUI
according to an embodiment;

[0017] FIG. 4 illustrates an example of an OETF accord-
ing to an embodiment;

[0018] FIG. 5 illustrates an example of extension for
OETFs according to an embodiment;

[0019] FIG. 6 illustrates a configuration example of an SEI
message according to an embodiment;

[0020] FIG. 7 illustrates a configuration example of an SEI
message according to an embodiment;

[0021] FIG. 8 illustrates a configuration example of an
SPS according to an embodiment;

[0022] FIG. 9 illustrates a configuration example of a
hybrid descriptor according to an embodiment;

[0023] FIG. 10 illustrates a configuration example of a
hybrid descriptor according to an embodiment;

[0024] FIG. 11 illustrates a configuration example of an
HEVC descriptor according to an embodiment;

[0025] FIG. 12 illustrates a stream and an operation of a
data reproduction device according to an embodiment;

12
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[0026] FIG. 13 is a flowchart illustrating an operation of a
data generation device according to an embodiment; and
[0027] FIG. 14 is a flowchart illustrating an operation of a
data reproduction device according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0028] (Underlying Knowledge Forming Basis of the
Present Disclosure)

[0029] The high dynamic range (HDR) has been gaining
attention as a scheme covering a luminance range with an
increased maximum luminance value in order to represent
bright light such as mirror-reflected light, which cannot be
represented using current TV signals, with brightness closer
to its actual brightness while maintaining dark grayscale
values of existing video. Specifically, the scheme covering
the luminance range supported by the existing TV signals is
called the standard dynamic range (SDR) and has the
maximum luminance value of 100 nit, and the HDR is
expected to have an increased maximum luminance value of
at least 1,000 nit.

[0030] It is desired that video data covering such an HDR
be reproducible even by an existing reproduction device that
supports only the SDR. In other words, there is a demand for
video data that is reproducible as HDR video by a repro-
duction device supporting the HDR and reproducible as
SDR video by a reproduction device supporting the SDR.
[0031] The data generation method according to one
aspect of the present disclosure is a data generation method
for generating video data that covers a second luminance
dynamic range wider than a first luminance dynamic range
and has reproduction compatibility with a first device that
does not support reproduction of video having the second
luminance dynamic range and supports reproduction of
video having the first luminance dynamic range, and the data
generation method includes: generating a video signal to be
included in the video data using a second opto-electrical
transfer function (OETF) to be referred to by a second
device when the second device decodes the video data, the
second device supporting reproduction of video having the
second luminance dynamic range; storing, into video usabil-
ity information (VUI) in the video data, first transfer func-
tion information for identifying a first OETF to be referred
to by the first device when the first device decodes the video
data; and storing, into supplemental enhancement informa-
tion (SEI) in the video data, second transfer function infor-
mation for identifying the second OETFE.

[0032] Accordingly, a device that only supports reproduc-
tion of video having the first luminance dynamic range can
reproduce video data using the first transfer function infor-
mation, and a device that supports reproduction of video
having the second luminance dynamic range can reproduce
video data using the second transfer function information.
Thus, in the data generation method, video data having
backward compatibility can be generated.

[0033] For example, the data generation method may
further include storing, into a descriptor of a multiplexing
layer, hybrid information indicating whether or not the video
data is video data covering the second luminance dynamic
range.

[0034] Accordingly, in the data reproduction device that
reproduces video data, switching of reproduction schemes
can be prepared in advance using the hybrid information in
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the multiplexing layer. This allows smooth switching of the
reproduction schemes in the data reproduction device.

[0035] For example, the first OETF may be an OETF
defined by a linear term of luminance of the video data in a
first range of the luminance of the video data and defined by
an exponential term of the luminance of the video data in a
second range of the luminance of the video data which is
greater than the first range.

[0036] For example, the second OETF may be an OETF
defined by a linear term of luminance of the video data in a
third range of the luminance of the video data, defined by an
exponential term of the luminance of the video data in a
fourth range of the luminance of the video data which is
greater than the third range, and defined by a logarithmic
term of the luminance of the video data in a fifth range of the
luminance of the video data which is greater than the fourth
range.

[0037] For example, the first OETF may be an OETF
defined by an exponential term of luminance of the video
data.

[0038] For example, the second OETF may be an OETF
defined by an exponential term of luminance of the video
data in a sixth range of the luminance of the video data and
defined by a logarithmic term of the luminance of the video
data in a seventh range of the luminance of the video data
which is greater than the sixth range.

[0039] For example, the first OETF may be an OETF
defined in one of BT. 709 and BT. 2020, and the second
OETF may be a hybrid gamma OETF.

[0040] For example, the data generation method may
further include storing, into the SEI, dynamic range increase
information indicating a difference between a luminance
dynamic range of the video data and the first luminance
dynamic range.

[0041] For example, the data generation method may
further include storing, into the SEI, maximum average
picture level information indicating a highest average lumi-
nance value among average luminance values of all pictures
included in a video sequence.

[0042] Furthermore, the data reproduction method accord-
ing to one aspect of the present disclosure is a data repro-
duction method for reproducing video data that covers a
second luminance dynamic range wider than a first lumi-
nance dynamic range and has reproduction compatibility
with a first device that does not support reproduction of
video having the second luminance dynamic range and
supports reproduction of video having the first luminance
dynamic range, the video data including: video usability
information (VIA) storing first transfer function information
for identifying a first opto-electrical transfer function
(OETF) to be referred to by the first device when the first
device decodes the video data; and supplemental enhance-
ment information (SEI) storing second transfer function
information for identifying a second OETF to be referred to
by a second device when the second device decodes the
video data, the second device supporting reproduction of
video having the second luminance dynamic range, and the
data reproduction method includes: obtaining the second
transfer function information included in the SEI; and repro-
ducing a video signal included in the video data by referring
to the second OETF identified in the second transfer func-
tion information obtained.

13
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[0043] Accordingly, in the data reproduction method,
video data having backward compatibility can be repro-
duced.

[0044] For example, the video data may further include
hybrid information indicating whether or not the video data
is video data covering the second luminance dynamic range,
the hybrid information being stored in a descriptor of a
multiplexing layer, and the data reproduction method may
further include: obtaining the hybrid information from the
video data; preparing for switching between the reproduc-
tion of the video having the first luminance dynamic range
and the reproduction of the video having the second lumi-
nance dynamic range, based on the hybrid information
obtained; and switching the reproduction of the video having
the first luminance dynamic range and the reproduction of
the video having the second luminance dynamic range at a
timing of a change in a video sequence.

[0045] Accordingly, switching of reproduction schemes
can be prepared in advance using the hybrid information in
the multiplexing layer. This allows smooth switching of the
reproduction schemes.

[0046] For example, the first OETF may be an OETF
defined by a linear term of luminance of the video data in a
first range of the luminance of the video data and defined by
an exponential term of the luminance of the video data in a
second range of the luminance of the video data which is
greater than the first range.

[0047] For example, the second OETF may be an OETF
defined by a linear term of luminance of the video data in a
third range of the luminance of the video data, defined by an
exponential term of the luminance of the video data in a
fourth range of the luminance of the video data which is
greater than the third range, and defined by a logarithmic
term of the luminance of the video data in a fifth range of the
luminance of the video data which is greater than the fourth
range.

[0048] For example, the first OETF may be an OETF
defined by an exponential term of luminance of the video
data.

[0049] For example, the second OETF may be an OETF
defined by an exponential term of luminance of the video
data in a sixth range of the luminance of the video data and
defined by a logarithmic term of the luminance of the video
data in a seventh range of the luminance of the video data
which is greater than the sixth range.

[0050] For example, the first OETF may be an OETF
defined in one of BT. 709 and BT. 2020, and the second
OETF may be a hybrid gamma OETF.

[0051] For example, the data reproduction method may
further include obtaining, from the SEI, dynamic range
increase information indicating a difference between a lumi-
nance dynamic range of the video data and the first lumi-
nance dynamic range.

[0052] For example, the data reproduction method may
further include obtaining, from the SEI, maximum average
picture level information indicating a highest average lumi-
nance value among average luminance values of all pictures
included in a video sequence.

[0053] The data generation device according to one aspect
of the present disclosure is a data generation device which
generates video data that covers a second luminance
dynamic range wider than a first luminance dynamic range
and has reproduction compatibility with a first device that
does not support reproduction of video having the second
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luminance dynamic range and supports reproduction of
video having the first luminance dynamic range, and the data
generation device includes; a generator that generates a
video signal to be included in the video data using a second
opto-electrical transfer function (OETF) to be referred to by
a second device when the second device decodes the video
data, the second device supporting reproduction of video
having the second luminance dynamic range; a first storage
that stores, into video usability information (VUI) in the
video data, first transfer function information for identifying
a first OETF to be referred to by the first device when the
first device decodes the video data; and a second storage that
stores, into supplemental enhancement information (SEI) in
the video data, second transfer function information for
identifying the second OETF.

[0054] Accordingly, a device that only supports reproduc-
tion of video having the first luminance dynamic range can
reproduce video data using the first transfer function infor-
mation, and a device that supports reproduction of video
having the second luminance dynamic range can reproduce
video data using the second transfer function information.
Thus, the data generation device can generate video data
having backward compatibility.

[0055] The data reproduction device according to one
aspect of the present disclosure is a data reproduction device
which reproduces video data that covers a second luminance
dynamic range wider than a first luminance dynamic range
and has reproduction compatibility with a first device that
does not support reproduction of video having the second
luminance dynamic range and supports reproduction of
video having the first luminance dynamic range, the video
data including; video usability information (VUI) storing
first transfer function information for identifying a first
opto-electrical transfer function (OETF) to be referred to by
the first device when the first device decodes the video data;
and supplemental enhancement information (SEI) storing
second transfer function information for identifying a sec-
ond OETF to be referred to by a second device when the
second device decodes the video data, the second device
supporting reproduction of video having the second lumi-
nance dynamic range, and the data reproduction device
includes: an obtainer that obtains the second transfer func-
tion information included in the SEI; and a reproducer that
reproduces a video signal included in the video data by
referring to the second OETF identified in the second
transfer function information obtained.

[0056] Accordingly, the data reproduction device can
reproduce video data having backward compatibility.
[0057] Note that these general and specific aspects may be
implemented using a system, a method, an integrated circuit,
a computer program, or a computer-readable recording
medium such as a compact disc read-only memory (CD-
ROM), or any combination of systems, methods, integrated
circuits, computer programs, or recording media.

[0058] Hereinafter, an embodiment will be specifically
described with reference to the drawings.

[0059] Note that each embodiment described below shows
a specific example of the present disclosure. The numerical
values, shapes, materials, structural elements, the arrange-
ment and connection of the structural elements, steps, the
processing order of the steps etc. shown in the following
embodiment are mere examples, and are not intended to
limit the scope of the present disclosure. Furthermore,
among the structural elements in the following embodiment,
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structural elements not recited in the independent claims
indicating the broadest concepts of the present disclosure are
described as arbitrary structural elements.

[0060] Although detailed descriptions of terms, data con-
figuration, and processing, etc., may be omitted below,
specific examples thereof are based on the descriptions in
NPL 1, NPL2, and NPL 3, for example.

[0061] First, the configuration of a system according to the
present embodiment will be described. FIG. 1 is a block
diagram illustrating the configuration of the system accord-
ing to the present embodiment. The system illustrated in
FIG. 1 includes data generation device 110 and data repro-
duction device 120.

[0062] Data generation device 110 generates video data
that covers a second luminance dynamic range (for example,
the HDR) wider than a first luminance dynamic range (for
example, the SDR) and has reproduction compatibility with
a first device that does not support reproduction of video
having the second luminance dynamic range and supports
reproduction of video having the first luminance dynamic
range.

[0063] Data generation device 110 include video signal
generator 111, encoder 112, and multiplexer 113.

[0064] Image signal generator 111 converts a luminance
value of a source image covering the HDR into a code value
using an opto-electrical transfer function (OETF). The
OETF is a function for converting the luminance value of the
source image into the code value, as illustrated in FIG. 2.
Specifically, video signal generator 111 uses an SDR-com-
patible HDR OETF. This will be described in detail later.
Note that “luminance” herein is not limited to the weighted
sum of RGB components and may be the intensity of each
of the RGB components, may be the degree of brightness of
light, or may be the intensity of light.

[0065] Encoder 112 generates a video elementary stream
by encoding the obtained code values according to a video
coding standard such as the high efficiency video coding
(HEVC). Multiplexer 113 generates a transport stream (for
example, a DVB transport stream) by multiplexing video
elementary streams.

[0066] The generated transport stream is transmitted to
data reproduction device 120 by broadcast waves or the like,
for example. Note that an example in which the broadcast
waves are used will be described herein, but a network or the
like may be used for transmission, or a recording medium
such as a Blu-ray Disc (BD) may be used for transmission.
[0067] Data reproduction device 120 generates the video
data generated by data generation device 110. Data repro-
duction device 120 includes demultiplexer 121, decoder
122, and reproducer 123.

[0068] Demultiplexer 121 generates a video elementary
stream by demultiplexing the video data (the transport
stream). Decoder 122 generates codes values by decoding
the obtained video elementary stream according to a video
coding standard such as the HEVC.

[0069] Reproducer 123 reconstructs video by converting
the obtained code values into luminance values using an
electro-optical transfer function (EOTF) corresponding to
the OETF stated above. The EOTF is the inverse function
which reverses the OETF and is used for converting the code
values into the luminance values. The obtained video is
displayed on a display, etc., included in data reproduction
device 120 or connected to data reproduction device 120.
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[0070] Signalling of the transfer function (OETF) accord-
ing to the present embodiment will be described below.
[0071] The transfer function is signalled using transfer_
characteristics within video usability information (VUI)
included in a sequence parameter set (SPS) in the HEVC and
AVC video coding standards.

[0072] The OETF alone is signalled, and the EOTF is not
signalled.
[0073] FIG. 3 illustrates the syntax of a VUI parameter. As

illustrated in FIG. 3, the VUI includes first transfer function
information (transfer_characteristics). FIG. 4 is a table indi-
cating the semantics of transfer_characteristics. Values 1 and
14 are assigned to SDR OETFs supported by digital video
broadcasting (DVB) ultra HD (UHD) phase 1 receivers.
[0074] As described in NPL 1 and the like, transfer_
characteristics indicates the opto-electrical voltage charac-
teristics (the opto-electrical transfer characteristics) of the
source image.

[0075] Note that signalling means including, in a transfer
signal, a signal for identifying desired information or a
signal indicating such information itself so that the receiver
side can obtain the desired information. For example, in the
example in FIG. 3 and FIG. 4, transfer_characteristics for
identifying the OETF is included in the transfer signal, and
the receiver side identifies the OETF on the basis of the
received transfer_characteristics.

[0076] An example of extension for new OETFs according
to the present embodiment will be described below.

[0077] The HEVC and AVC standards have reserved val-
ues for further extension. Thus, the reserved values can be
assigned to SDR-compatible HDR OETFs (hereinafter
referred to as hybrid OETFs). For example, as illustrated in
FIG. 5, the hybrid OETFs are assigned to values 18 to 20
which are the reserved values.

[0078] In this case, however, a legacy data reproduction
device (receiver) that does not support the HDR is not
capable of recognizing the new values and recognizes them
as the reserved values. Thus, there is the problem that when
a new value is used for the hybrid OETF, it is not possible
to provide the backward compatibility. The hybrid OETF is,
for example, an OETF including a part expressed as a power
of luminance and a part expressed as a logarithm of lumi-
nance, such as a BBC hybrid gamma OETFE.

[0079] In the present embodiment, the value of the first
transfer function information (transfer_characteristics) is set
to 1 (BT.709) or 14 (BT.2020) as in an existing SDR.
[0080] Furthermore, in order to identify the hybrid OETF,
the second transfer function information (HDR_transfer_
characteristic) is signalled separately from the first transfer
function information. Thus, in the data reproduction device
that does not support the HDR, the OETF for SDR can be
identified using the first transfer function information (trans-
fer_characteristics), while, in the data reproduction device
that supports the HDR, the OETF for HDR can be identified
using the second transfer function information.

[0081] The second transfer function information (HDR_
transfer_characteristic) is used for signalling of the OETF
for HDR. Specifically, the OETF for HDR has compatibility
with the OETF for SDR identified using the first transfer
function information (transfer_characteristics).

[0082] For example, the second transfer function informa-
tion (HDR_transfer_characteristic) indicates any of the three
hybrid OETFs indicated in FIG. 5. Note that the second
transfer function information may be information indicating
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whether or not to use the hybrid OETF. The number of
selectable hybrid OETFs may be any number greater than or
equal to one.

[0083] As illustrated in FIG. 2, the characteristics of the
hybrid OETF substantially match the characteristics of the
SDR OETF in a low luminance range. Specifically, in the
low luminance range, the luminance of video reproduced
using the hybrid OETF from the video signals generated
using the hybrid OETF and the luminance of video repro-
duced using the SDR OETF from the video signals gener-
ated using the hybrid OETF are almost the same. Thus, it is
possible to reduce the difference in luminance value between
when the video is reproduced by an HDR device and when
the video is reproduced by an SDR device, and therefore
video that is less likely to provide a feeling of discomfort can
be reproduced even when the video is reproduced using the
SDR OETF.

[0084] Methods of storing the second transfer function
information will be described below. The methods are
roughly classified as a method in which the second transfer
function information is stored into a video coding layer and
a method in which the second transfer function information
is stored into a multiplexing layer.

[0085] First, the method in which the second transfer
function information is stored into the video coding layer
will be described.

[0086] FIG. 6 illustrates the syntax of an HDR hybrid
gamma SEI message (hereinafter referred to as a hybrid SEI
message) according to the present embodiment. As illus-
trated in FIG. 6, the second transfer function information
(HDR_transfer_characteristic) is included in the hybrid SEI
message.

[0087] The hybrid SEI message is present only in an
TRAP NAL unit or an I-picture and is valid for the remain-
der of a coded video sequence.

[0088] Note that the hybrid SEI message may be a prefix
or a suffix SEI message.

[0089] The presence of this SEI message may be made
mandatory in application standardization bodies when
HDR_transfer_characteristic is a predetermined fixed value.

[0090] Furthermore, as illustrated in FIG. 7, the hybrid
SEI message may include, in addition to the second transfer
function information stated above or instead of the second
transfer function information, dynamic range increase infor-
mation (dynamic_range_increase) and maximum average
picture level information (maximum_average picture_
level).

[0091] The dynamic range increase information (dynami-
c_range_increase) is used to calculate coefficient k and has
value 0, 1, or 2 only. Coefficient k indicates a difference from
dynamic range SDR and is determined according to the
following Expression 1. Specifically, coefficient k indicates
a scaling factor for the dynamic range of current video with
respect to dynamic range SDR.

k=2xdynamic_range_increase+4

[0092] The maximum average picture level information
(maximum_average_picture_level) indicates the highest
average picture level among all the pictures included in a
video sequence. The average picture level means the average
value of pixel luminance expressed in percentage of the
maximum luminance.

(Expression 1)
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[0093] Thus, the use of the dynamic range increase infor-
mation and the maximum average picture level information
allows the difference from the SDR to be set within an
arbitrary range.

[0094] The presence of this SEI message may be made
mandatory in application standardization bodies when k is a
predetermined fixed value. For example, k is equal to 4 for
DVB, and k is equal to 8 for BDA.

[0095] FIG. 8 illustrates the configuration of an extended
SPS. As illustrated in FIG. 8, the dynamic range increase
information (dynamic_range_increase) and the maximum
average picture level information (maximum_average_pic-
ture_level) may be included in the SPS.

[0096] Next, the method in which the second transfer
function information is stored into the multiplexing layer
will be described.

[0097] FIG. 9 illustrates the configuration of a hybrid
descriptor (HDR_hybrid_gamma_descriptor) which is a
new descriptor at the MPEG2-TS level according to the
present embodiment.

[0098] As illustrated in FIG. 9, the hybrid descriptor
includes a hybrid OETF flag (HDR _hybrid_gamma_OETF_
flag) and the second transfer function information (HDR_
transfer_characteristic).

[0099] The hybrid OETF flag (HDR_hybrid_gamma_
OETF_flag) indicates whether or not the content is HDR
coded using the hybrid OETF. For example, when the hybrid
OETF flag is 1, the content is HDR coded using the hybrid
OETF.

[0100] Note that the hybrid OETF flag is not always
necessary, and it may be possible to use only the second
transfer function information.

[0101] The hybrid descriptor is stored into at least one of
a program map table (PMT) specified by the MPEG, a
service description table (SDT) specified by the DVB in the
DVB-SI standard, and an event information table (EIT)
specified by the DVB in the DVB-SI standard.

[0102] The PMT indicates the PID ofa TS packet in which
an image, audio, or the like is stored. By obtaining the PID
for a desired image, audio, or the like from the PMT, the data
reproduction device can extract the TS packet for the desired
image or audio.

[0103] The SDT indicates the name of a channel (a ser-
vice), the type of the EIT sent through each channel, digital
copy control information, and the like.

[0104] The EIT indicates information related to a pro-
gram, such as the title, the broadcast date and time, and the
broadcast content of the program.

[0105] When the hybrid descriptor is included in the PMT,
the hybrid descriptor is applied to the video elementary
stream only. In this case, however, a broadcaster needs to
control modification of the PMT, and this modification may
be difficult.

[0106] When the hybrid descriptor is included in the SDT,
the content of the hybrid descriptor is not updated often.
Thus, the SDT is preferred when the content of the hybrid
descriptor is applied to the whole service.

[0107] When the hybrid descriptor is included in the EIT,
it is advantageous that the content of the hybrid descriptor
can be changed on an event basis.

[0108] FIG. 10 illustrates another configuration example
of the hybrid descriptor according to the present embodi-
ment. As illustrated in FIG. 10, the hybrid descriptor may
include, in addition to the second transfer function informa-
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tion stated above or instead of the second transfer function
information, dynamic range increase information (dynamic_
range_increase) and maximum average picture level infor-
mation (maximum_average_picture_level).

[0109] FIG. 11 illustrates the configuration of an HEVC
descriptor (HEVC_descriptor) according to the present
embodiment. The HEVC descriptor is a descriptor at the
MPEG2-TS level. As illustrated in FIG. 11, the reserved
values of the HEVC descriptor are replaced with a hybrid
coded flag (hdr_hybrid_gamma_coded_content_flag) and
dynamic range increase information (dynamic_range_in-
crease). Note that the hybrid coded flag is the same as or
similar to the hybrid OETF flag (HDR_hybrid_gamma_
OETF_flag) described above. Furthermore, other informa-
tion described above (the second transfer function informa-
tion and the maximum average picture level information)
may be included in the HEVC descriptor.

[0110] The same or like extension may be applied to an
AVC descriptor (AVC_video_descriptor).

[0111] The hybrid descriptor (HDR_hybrid_gamma_de-
scriptor) described above may be combined with signalling
of the OETF to the video elementary stream (the HDR
hybrid gamma SEI message). This allows smooth switching
of parameters in the data reproduction device.

[0112] Hereinafter, this operation will be described in
detail. FIG. 12 illustrates the configuration of the stream and
the operation of the data reproduction device.

[0113] Transmission of the hybrid descriptor (HDR_hy-
brid_gamma_descriptor) including the hybrid OETF flag
(HDR_hybrid_gamma_OETF_flag) starts slightly before an
actual change. The data reproduction device that received
this hybrid OETF flag prepares for the change between the
SDR and the HDR.

[0114] An end of sequence (EOS) indicating the end of a
video sequence is inserted into the video elementary stream
in order that the parameter change becomes active. The
hybrid SEI message adapted to the last signalled hybrid
descriptor may be or may not be stored at a random access
point (RAP) following the EOS.

[0115] The data reproduction device detects whether or
not the EOS and the hybrid SEI message are present and
makes a change according to the detection result.

[0116] In the example illustrated in FIG. 12, the data
reproduction device obtains the hybrid descriptor containing
HDR_hybrid_gamma_OETF_flag=0 in the HDR operating
state. This allows the data reproduction device to start
preparing for switching operations from the HDR to the
SDR. Next, the data reproduction device switches the HDR
to the SDR at the timing when the EOS is obtained. The
hybrid SEI message is not present within a SDR video
elementary stream, and thus the data reproduction device
does not obtain the hybrid SEI message.

[0117] Next, the data reproduction device obtains the
hybrid descriptor containing HDR_hybrid_gamma_OETF_
flag=1 in the SDR operating state. This allows the data
reproduction device to start preparing for switching opera-
tions from the SDR to the HDR. Next, the data reproduction
device switches the SDR to the HDR at the timing when the
EOS is obtained.

[0118] Hereinafter, the operations of data generation
device 110 and data reproduction device 120 based on the
above description will be described.

[0119] FIG. 13 is a flowchart of an operation of data
generation device 110 according to the present embodiment.
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Data generation device 110 generates HDR video data
having reproduction compatibility with the first device that
does not support reproduction of HDR video and supports
reproduction of SDR video.

[0120] First, video signal generator 111 generates a video
signal by converting a luminance value of a source image
into a code value using the second OETF (S101). Next,
encoder 112 generates a video elementary stream by encod-
ing the video signal. At this time, encoder 112 stores, into the
VUI in the video data (the video elementary stream), the first
transfer function information for identifying the first OETF
to be referred to by the first device supporting only the SDR
when the first device reproduces the video data. Further-
more, the second transfer function information for identify-
ing the second OETF to be referred to by the second device
supporting the HDR when the second device decodes the
video data is stored into the SEI in the video data (S102).
[0121] The VUI and the SEI belong to the video coding
layer. The first OETF is, for example, the OETF defined in
BT.709 or BT.2020, and the second OETF is, for example,
a BBC hybrid gamma OETF.

[0122] Furthermore, encoder 112 may store, into the SEI,
dynamic range increase information indicating a difference
between the luminance dynamic range of the video data and
luminance dynamic range SDR. Moreover, encoder 112 may
store, into the SEI, maximum average picture level infor-
mation indicating the highest average luminance value
among the average luminance values of all the pictures
included in the video sequence.

[0123] Next, multiplexer 113 generates a transport stream
by multiplexing video elementary stream data. At this time,
multiplexer 113 stores, into the hybrid descriptor of the
multiplexing layer, hybrid information (a hybrid OETF flag)
indicating whether or not the video data is HDR video data
(5103).

[0124] Note that although the example in which the hybrid
descriptor includes at least the hybrid OETF flag is illus-
trated in FIG. 12, the hybrid descriptor may further include
the second transfer function information, the dynamic range
increase information, or the maximum average picture level
information.

[0125] Likewise, it is sufficient that the hybrid SEI mes-
sage include at least one of the hybrid OETF flag, the second
transfer function information, the dynamic range increase
information, and the maximum average picture level infor-
mation.

[0126] Furthermore, although each of the hybrid OETF
flag and the second transfer function information is stated as
individual information in the above description, the second
transfer function information may be used instead of the
hybrid OETF flag. This means that it is not necessary to use
the hybrid OETF flag. For example, whether or not the video
data is the HDR video data (whether or not to use the hybrid
OETF) can be signalled according to whether or not the
second transfer function information is included in the video
data. Alternatively, whether or not the video data is the HDR
video data may be signalled according to whether the second
transfer function information indicates the hybrid OETF or
the SDR OETF.

[0127] Note that the example in which the second transfer
function information indicates the hybrid OETF is described
above, but when HDR video and SDR video are mixed in
video data, as illustrated in FIG. 12, the second transfer
function information may indicate the SDR OETF for the
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SDR video as well. Accordingly, the data reproduction
device supporting the HDR may always refer to the second
transfer function information regardless of whether the
video data has the SDR or the HDR. In other words, said
data reproduction device does not need to refer to the first
transfer function information. This allows the process of the
data reproduction device to be simplified.

[0128] FIG. 14 is a flowchart of an operation of data
reproduction device 120 according to the present embodi-
ment. Data reproduction device 120 reproduces HDR video
data having reproduction compatibility with the first device
that does not support reproduction of HDR video and
supports reproduction of SDR video. This video data is the
video data generated by data generation device 110, for
example.

[0129] First, demultiplexer 121 generates a video elemen-
tary stream by demultiplexing the video data (the transport
stream). At this time, demultiplexer 121 obtains hybrid
information (for example, the hybrid OETF flag) from the
hybrid descriptor of the video data (S121). Note that demul-
tiplexer 121 may further obtain at least one of the dynamic
range increase information and the maximum average pic-
ture level information from the hybrid descriptor.

[0130] Next, data reproduction device 120 prepares for
switching between reproduction of SDR video and repro-
duction of HDR video on the basis of the obtained hybrid
information (S122).

[0131] Next, decoder 122 generates a video signal (a code
value) by decoding the video elementary stream. When the
last hybrid OETF flag indicates the use of the hybrid OETF,
decoder 122 obtains the second transfer function informa-
tion included in the hybrid SEI within the video elementary
stream (S123). Note that decoder 122 may further obtain at
least one of the dynamic range increase information and the
maximum average picture level information from the hybrid
SEL

[0132] Reproducer 123 reproduces a video signal included
in the video data by referring to the second OETF identified
in the obtained second transfer function information (S124).
Furthermore, reproducer 123 switches reproduction of SDR
video and reproduction of HDR video at the timing of a
change in the video sequence. Specifically, reproducer 123
reproduces data following the EOS by the scheme after the
change. When the dynamic range increase information or the
maximum average picture level information is obtained, this
information is used for the reproduction.

[0133] Note that when the last hybrid OETF flag indicates
that the hybrid OETF has not been used, decoder 122 obtains
the first transfer function information included in the VTJI
within the video elementary stream in Step S123. In Step
S124, reproducer 123 reproduces a video signal included in
the video data by referring to the second OETF identified in
the obtained first transfer function information. Note that as
described above, when the second transfer function infor-
mation selectively indicates the first OETF or the second
OETF, decoder 122 may always obtain the second transfer
function information, and reproducer 123 may refer to the
first OETF or the second OETF indicated in the second
transfer function information.

[0134] As described above, in addition to the first transfer
function information which is stored into the VUI, the
second transfer function information is stored into the SEI
message in the present embodiment. This makes it possible
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to implement HDR coding in which the hybrid OETF such
as the BBC hybrid gamma OETF is used.

[0135] Specifically, whether the content is HDR coded
using the hybrid OETF can be indicated through signalling
to the multiplexing layer using a descriptor.

[0136] Furthermore, the combination of a new SEI mes-
sage and a new descriptor allows the data reproduction
device to smoothly switch between the HDR and the SDR.
[0137] The first OETF may be the function determined
according to Expression 2 below.

Math. 1]

(Expression 2)

al(0<L<p)
‘{m_p(ﬁSLS 1)

[0138] In the expression, L is the luminance of an image
and is standardized as O<L<1 at a reference white level, V
is a numerical value corresponding to an electric signal, and
a, B, v, d and p are each a constant and specific numerical
examples thereof are a=4.5, $=0.018, y=1.099, 6=0.45, and
p=0.099.

[0139] In other words, as represented by Expression 2, the
first OETF may be an OETF defined by a linear term of the
luminance of video data in a first range of the luminance of
the video data and defined by an exponential term of the
luminance of the video data in a second range of the
luminance of the video data greater than the first range.
[0140] Furthermore, the first OETF may be the function
represented by Expression 3 below.

Math. 2]

{ aEO0<E<p) (Expression 3)
=\

-(r-DB=E=l)

[0141] In this expression, L is the luminance of an image
and defined as O<[L<1, E is a numerical value corresponding
to the voltage standardized at a reference white level and is
proportional to the absolute light intensity detected in ref-
erence camera color channels RGB, resulting in E' being a
non-linear signal, and o, f3, y, dand p are each a constant and
specific numerical examples thereof are a=4.5, =0.018 (for
10-bit system) or 0.0181 (for 12-bit system), y=1.099 (for
10-bit system) or 1.0993 (for 12-bit system), 3=0.45, and
p=0.099.

[0142] Furthermore, the second OETF may be the func-
tion determined according to Expression 4 below, and in this
OETFE, a conversion function is defined by a logarithmic
term in the range of high luminance.

[Math. 3]

aL(0<L<p)
V={yLl—(y-DB=L=p
7in(L) + p(L > p)

(Expression 4)

[0143] In the expression, L is the luminance of an image
and standardized at a reference white level, where V may
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exceed 1, meaning that this conversion function also sup-
ports luminance greater than the reference white, V is a
numerical value corresponding to an electric signal, i is a
breakpoint between a gamma curve and a logarithmic curve
and determines the maximum value of L where Vis 1 or less,
and o, B3, y, dand p are each a constant and specific numerical
examples thereof are a=4.5, §=0.018, y=1.099, 6=0.45, and
p=0.099.

[0144] In other words, as represented by Expression 4, the
second OETF may be an OETF defined by a linear term of
the luminance of video data in a third range of the luminance
of the video data, defined by an exponential term of the
luminance of the video data in a fourth range of the
luminance of the video data greater than the third range, and
defined by a logarithmic term of the luminance of the video
data in a fifth range of the luminance of the video data
greater than the fourth range.

[0145] The first OETF may be the function determined
according to Expression 5 below.
[Math. 4]
[0146]

V=L (Expression 5)
[0147] In this expression, L is the luminance of an image

and standardized as O<L<]1 at a reference white level, V is
a numerical value corresponding to an electric signal, and a
is a constant and a specific numerical example thereof is
a=0.5.

[0148] In other words, as represented by Expression 5, the
first OETF may be an OETF defined by an exponential term
of the luminance of the video data.

[0149] The second OETF may be the function determined
according to Expression 6 below. In this OETF, a conversion
function is defined by a logarithmic term in the range of high
luminance.

[Math. 5]
{ [F0=L<y (Expression 6)

nin(L) + p(L > )

[0150] In this expression, a is a constant and a specific
numerical example thereof is a=0.5.

[0151] In other words, as represented by Expression 6, the
second OETF may be an OETF defined by an exponential
term of the luminance of video data in a sixth range of the
luminance of the video data and defined by a logarithmic
term of the luminance of the video data in a seventh range
of the luminance of the video data greater than the sixth
range.

[0152] Although the data generation device (the data gen-
eration method) and the data reproduction device (the data
reproduction method) according to one or more aspects are
described thus far based on the embodiment, the present
disclosure is not limited to this embodiment. Various modi-
fications of the present embodiment as well as embodiments
resulting from combinations of structural elements of the
different embodiments that may be conceived by those
skilled in the art may be included within the scope of one or
more aspects as long as these do not depart from the essence
of the present disclosure.
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[0153] For example, in each embodiment described above,
each of the structural elements may be configured in the
form of an exclusive hardware product such as a circuit, or
may be realized by executing a software program suitable
for each of the structural elements. Each of the structural
elements may be realized by means of a program executing
unit, such as a central processing unit (CPU) and a processor,
reading and executing the software program recorded on a
recording medium such as a hard disk or a semiconductor
memory.

INDUSTRIAL APPLICABILITY

[0154] The present disclosure can be applied to a data
transmission device or a data reproduction device such as a
BD device.

What is claimed is:
1. A data generation method for generating video data that
covers a second luminance dynamic range wider than a first
luminance dynamic range and has reproduction compatibil-
ity with a first device that does not support reproduction of
video having the second luminance dynamic range and
supports reproduction of video having the first luminance
dynamic range, the data generation method comprising:
generating a video signal to be included in the video data
using a second opto-electrical transfer function (OETF)
to be referred to by a second device when the second
device decodes the video data, the second device sup-
porting reproduction of video having the second lumi-
nance dynamic range;
storing, into video usability information (VUI) in the
video data, first transfer function information for iden-
tifying a first OETF to be referred to by the first device
when the first device decodes the video data; and

storing, into supplemental enhancement information
(SEI) in the video data, second transfer function infor-
mation for identifying the second OETF.

2. The data generation method according to claim 1,
further comprising

storing, into a descriptor of a multiplexing layer, hybrid

information indicating whether or not the video data is
video data covering the second luminance dynamic
range.

3. The data generation method according to claim 1,

wherein the first OETF is an OETF defined by a linear

term of luminance of the video data in a first range of
the luminance of the video data and defined by an
exponential term of the luminance of the video data in
a second range of the luminance of the video data, the
second range being greater than the first range.

4. The data generation method according to claim 1,

wherein the second OETF is an OETF defined by a linear
term of luminance of the video data in a third range of
the luminance of the video data, defined by an expo-
nential term of the luminance of the video data in a
fourth range of the luminance of the video data, and
defined by a logarithmic term of the luminance of the
video data in a fifth range of the luminance of the video
data, the fourth range being greater than the third range,
the fifth range being greater than the fourth range.

5. The data generation method according to claim 1,

wherein the first OETF is an OETF defined by an expo-
nential term of luminance of the video data.
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6. The data generation method according to claim 1,

wherein the second OETF is an OETF defined by an
exponential term of luminance of the video data in a
sixth range of the luminance of the video data and
defined by a logarithmic term of the luminance of the
video data in a seventh range of the luminance of the
video data, the seventh range being greater than the
sixth range.

7. The data generation method according to claim 1,

wherein the first OETF is an OETF defined in one of BT.

709 and BT. 2020, and

the second OETF is a hybrid gamma OETF.

8. The data generation method according to claim 1,
further comprising

storing, into the SEI, dynamic range increase information

indicating a difference between a luminance dynamic
range of the video data and the first luminance dynamic
range.

9. The data generation method according to claim 1,
further comprising

storing, into the SEI, maximum average picture level

information indicating a highest average luminance
value among average luminance values of all pictures
included in a video sequence.

10. A data reproduction method for reproducing video
data that covers a second luminance dynamic range wider
than a first luminance dynamic range and has reproduction
compatibility with a first device that does not support
reproduction of video having the second luminance dynamic
range and supports reproduction of video having the first
luminance dynamic range, the video data including: video
usability information (VUI) storing first transfer function
information for identifying a first opto-electrical transfer
function (OETF) to be referred to by the first device when
the first device decodes the video data; and supplemental
enhancement information (SEI) storing second transfer
function information for identifying a second OETF to be
referred to by a second device when the second device
decodes the video data, the second device supporting repro-
duction of video having the second luminance dynamic
range, the data reproduction method comprising:

obtaining the second transfer function information

included in the SEI; and

reproducing a video signal included in the video data by

referring to the second OETF identified in the second
transfer function information obtained.

11. The data reproduction method according to claim 10,

wherein the video data further includes

hybrid information indicating whether or not the video

data is video data covering the second luminance
dynamic range, the hybrid information being stored in
a descriptor of a multiplexing layer, and

the data reproduction method further comprises:

obtaining the hybrid information from the video data;

preparing for switching between the reproduction of the
video having the first luminance dynamic range and the
reproduction of the video having the second luminance
dynamic range, based on the hybrid information
obtained; and

switching the reproduction of the video having the first

luminance dynamic range and the reproduction of the
video having the second luminance dynamic range at a
timing of a change in a video sequence.
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12. The data reproduction method according to claim 10,

wherein the first OETF is an OETF defined by a linear
term of luminance of the video data in a first range of
the luminance of the video data and defined by an
exponential term of the luminance of the video data in
a second range of the luminance of the video data, the
second range being greater than the first range.

13. The data reproduction method according to claim 10,

wherein the second OETF is an OETF defined by a linear
term of luminance of the video data in a third range of
the luminance of the video data, defined by an expo-
nential term of the luminance of the video data in a
fourth range of the luminance of the video data, and
defined by a logarithmic term of the luminance of the
video data in a fifth range of the luminance of the video
data, the fourth range being greater than the third range,
the fifth range being greater than the fourth range.

14. The data reproduction method according to claim 10,

wherein the first OETF is an OETF defined by an expo-
nential term of luminance of the video data.

15. The data reproduction method according to claim 10,

wherein the second OETF is an OETF defined by an
exponential term of luminance of the video data in a
sixth range of the luminance of the video data and
defined by a logarithmic term of the luminance of the
video data in a seventh range of the luminance of the
video data, the seventh range being greater than the
sixth range.

16. The data reproduction method according to claim 10,

wherein the first OETF is an OETF defined in one of BT.
709 and BT. 2020, and

the second OETF is a hybrid gamma OETF.

17. The data reproduction method according to claim 10,
further comprising

obtaining, from the SEI, dynamic range increase infor-
mation indicating a difference between a luminance
dynamic range of the video data and the first luminance
dynamic range.

18. The data reproduction method according to claim 10,

further comprising

obtaining, from the SEI, maximum average picture level
information indicating a highest average luminance
value among average luminance values of all pictures
included in a video sequence.

19. A data generation device which generates video data
that covers a second luminance dynamic range wider than a
first luminance dynamic range and has reproduction com-
patibility with a first device that does not support reproduc-
tion of video having the second luminance dynamic range
and supports reproduction of video having the first lumi-
nance dynamic range, the data generation device compris-
ing:

a generator that generates a video signal to be included in
the video data using a second opto-electrical transfer
function (OETF) to be referred to by a second device
when the second device decodes the video data, the
second device supporting reproduction of video having
the second luminance dynamic range;

a first storage that stores, into video usability information
(VUT) in the video data, first transfer function infor-
mation for identifying a first OETF to be referred to by
the first device when the first device decodes the video
data; and
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a second storage that stores, into supplemental enhance-
ment information (SEI) in the video data, second trans-
fer function information for identifying the second
OETFE.

20. A data reproduction device which reproduces video
data that covers a second luminance dynamic range wider
than a first luminance dynamic range and has reproduction
compatibility with a first device that does not support
reproduction of video having the second luminance dynamic
range and supports reproduction of video having the first
luminance dynamic range, the video data including: video
usability information (VUI) storing first transfer function
information for identifying a first opto-electrical transfer
function (OETF) to be referred to by the first device when
the first device decodes the video data; and supplemental
enhancement information (SEI) storing second transfer
function information for identifying a second OETF to be
referred to by a second device when the second device
decodes the video data, the second device supporting repro-
duction of video having the second luminance dynamic
range, the data reproduction device comprising:

an obtainer that obtains the second transfer function
information included in the SEI; and

a reproducer that reproduces a video signal included in the
video data by referring to the second OETF identified
in the second transfer function information obtained.

* * * #* #*
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