OOF

HIC|22| AtdZtE Srhstetr| 2{5k0 Z2Holl HDTVOIA] X|
Q5= H2tH|(dynamic range)2t A (color gamut)2C}

2 THAH|(HDR, High Dynamic Range) & 2 ZAHY

7ES = Aot AR SiskE GAEe] Qlo]
A, Full-HDe| 4] UHDZ 2] A= 5712} Tl o
sha FFARS )3t 117 9| (HDR, High—Dynamic

(WCG, Wide Color Gamuthg AIZ317] I3t ;;m sy ange) SUFHSWCG, Wide Color Gamut)2 &

RaEin Qlon) cltst BASY) ol Bas ol SO AR el el Al gln
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HDR/WCG H|C|2 MH|AE ¢

Ga1, AA| Ak ub) #g) 7], Qigto] & 4=
= gL tgF 10° ~ 10%nitso]H, =] g17]o]
2284 BAL Helal sk AJZF BRSSOl 3w
- %iol 2 5 gl YeE|E 100,000:1 230},
S, QI7to] AA| AgolA] AT 4= Q= M9
HO= (1Y 29 CIE 1931 M3-7k} Sds)c),

1 7t A Ushe 8

oHd, A A8 7 5 7ks W

] 15,000:1 ~ 100,000:1 ¢, A2 DCI
(Digital Cinema Initiative)ol A 2] T A EA]
vlate] A1edQl DOI P o]4folal, A T]AZH|o|
o] 9 715 4 ¥7]: 0.0Inits, Hof 9=
1,000nits’, -2 DCI P3 45=o|c}, whahA], SR

o} /e et sl dagdols v o, 7heet
HT) 9 AB|AL o 9] 1,000nits, § Y]
100,000:1, DCI P3 s=o]ekaL & 4= Qlet, &4,
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ool CIE 19319] 35.9%% Hde 4= 9l
T.709[1]o]l 4] HDTVE #3202 Aolsla
J2igt #2523 A Aol A CRT TV 9
A7 FA 7] s 1skgl] HiE
oz A 7het © T AE o7t A 7hsEt
T @ A AE Al Fsh=t] AoFAL & 285t
ch, 3HH, @A EZ2 02 QI3 AlfARRS s A5
$J8)4, UHDTV 322l BT.2020[2]014 @A) A
& taZg o]zt Al 7Hs3E DCI P3 o] 43¢l A9
(CIE 19319] 75.8%% & 715)S &0z AA
SHLoL), eku] ZHolA o) 87 100nits 014
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. or nits
Luminance Human
Sun Direct 10’ 1.6Billion RealWorld Visual System FutuuTV Current TV
Levels 10° 100 Milion -
Light units are in 10¢ 1 Million e
candela/m?, more ‘ ]
S >
conveniently spoken - 10° 10,000 — 3
"Nits” o
Indoor
Lighting o | 17 107 ,
10° 1 4 {
Moon
i @ |
10° 0.01 |
§
100! ‘ s
10° ) TV Standard:
OO0 120 Nits max
Visual (current TVs:
0 (obs, black) _— “Adaptation” 300~900 Nits max)
(&X: SMPTE annual conference 2013, Pat Griffis, Making Pixels Better)
(2D Hol +F Hlu

AlS{AL
E‘ID—_-I‘E

1) Full-HD C|AE3|0[2| HL zll:H
X| gt EEHE|O HQStRE

17| 4,000nitsS ME3H=

SEQ| CIAZ07FE
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C] 51931 (100%)
5 %)

BT.2020 (75.8%)

RCI P3 (53.6%)

EAE okt Qi)
Sl Al et = 7%1 AleFAkg; ke, @A) Al
ol Al HDR/WCG B|t] 2. AH|A A3 98t
s A ofof 8t Al &) Y nld| 7]&S st
HlEe AE B BE AROR, ol 913 Tkt
FZ37} ITU-R, SMPTE, MPEG, ATSC 5 o2]
HZ3} A o)A A3E| 2 Qi
E J0)| Al HDR/WCG BT 2 A H|AE 93]
a3} 7]% QAET} B _U_T,:g} EFS Abm R
-85t vy AfH|A

L

k

OI'

Il HDR/WCG H|C|2 AMH|A
7|1& QA BSSI

I.

E

=
=35k
o

HDR/WCG H|T| Q. AH|AE 93l 7|4 84S
AAr3}7]of| 94 -4 HDR % WOG % 2of] o]
WA Ardslaizl gk, HDRS dvbz o2 &) v]
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2 oujspr|w sh, EEntch gkt Joit gol
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H 204 AlE = A2l BT.709 o]3e] M
SJujsh= Zlo] dutkzolut,

(E 1) MPEG Zoofl 2 Z2t] £

SDR (Standard Dynamic Range) <=1,000:1
EDR (Enhanced Dynamic Range) 1,000:1 ~ 100,000:1
HDR (High Dynamic Range) >100,000:1
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HDR/WCG H|C|2 AMH|AS 9ISt BESL 58 415

Viewing

EOTF

environment

Picture
monitoring/

Video Data

Scene Light

Display Light
(virtual) (a)

Decoder [Y’Cb’Cr’]
(GIAY@ " FIE)] (10 bits, integer)

(b) 21

Color grading

processing

>
It

Pre-
processing

[Y’Cb’Cr’] Encoder
(10 bits, integer) [{[a%a Y ETR )]

Video Data
(R'G’'B’)

Display Light

Gg 3 b2 Hsxz| SEE

U, EOTFS] S4o] 871 thgt Akghe] Q1A &
A3} dA|gtck= o= CRT TVZF Aekdl &
BT.1886(3] 3&=2.= Alg=]o] ARG-E|AL it ¢l
2 A2 o) B vr]of SUskA RIZSHA] AL B
F9l Zﬂz FLE oH] o} =2 gl AA % H
o Wizlo] v Rz /442 7HAIAL §lom,
& SDR A2l 9o o]2fdh EA4E& & R
ek, weps] 7ol 5% B]of vl
< HY e Alsof EOTF'E 4851 917k ¢l
AlZtol| vget AT & HetE]A| Eo 23315 9fa]
SRR Al 24 9] vl EE 2 7Rs5HA jith
EOTF9| &gkl EOTF '@} 7| etol A Z 53
A2 E oA AREEl= #7171 91(0.1~100nits)
& Hekght FAof B 4l S olA Hofx]=
@gol Hrp s 4 =i Hekst= OOTF
(Optical—to—Optical Transfer Function)S %3+
k= OETF+= BT.709 ¥ BT.20200] ALJEof Q)

¢
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r rlo

¢
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s

1o
o [

o

o}, gk o, gl A A
H BT.202000= 4] 5 Al Wy 2 2l
ej=lof glek,

HDR/WCG 8]t 2. A152] 49 HDR AT S 9]

3} W3kek4~(ORTF 2 EOTF), WCG A& 93t
Aol i A B olof| MAE] W SA2] HAE
3t 71& So] st dF 7|eEe] xEt
Z&=]an Qi

1. HEHE (EOTF ¥ OETF)

71& W&ol AHE-SH= BT.1886°] XLIEJ
EOTF= 2|t 100nits Bf7]of 219kt Hekeh
Zdg}7] 1,000nits ©]/4?] HDR A13.9] ¥Eksl=
2 AgelA] 47] wiell, QAXAIZ mdle] 7]k
g EOTFEo©] AIQtE|ol A AL Qle}, 1L Zof| x4
2l o] Dolby7t AlQkste] ‘149 8ol SMPTE
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ST2084[4]°] Y& ¥ PQ-EOTFZ Barten2] ¢14]
A2y md[slef 7]9kste] o ¥7] 10,000nitse]
2| Aste Fheeoltt, BHA, Philips7h Altbeh=
FOTF+= PQ-EOTFS} 545t/ Bartene] Q1%JA|
2} mdlof] 7|8k}l ot Xl ¥17] 5,000nitsol| 2]
A5t ghpolr}, (1% 4)+= PQ-EOTF2} Philips
o] ROTFE H|i8t 202 pqlOks PQ-EOTFE,
ph5k:= Philips EOTFE e W, pgbks PQ—
EOTFZ 9] ¥7] 5,000nitsZ, phl0k:= Philips
EOTFE &t ¥7] 10,000nits2 243t EOTFZ
Urepdt}, Dolby@t Philips®] BOTF= A& GAKSH

E2]0 o 2
S 7He & ot

——palok
——— phsk

09 - —— ph10k 1
pask
08
/
/

Signal E’

1 i 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Luminance value (nits)

(22 4) PQ-EOTFE} Philios EOTF

ITU-ReJA = HDR w4l EIDR(Enhanced
Image Dynamic Range)©|2= 8015 ARE-517|2
a1, UHDTVe] EIDR B|t @& #-g317] $)dt
EIDRTV #3171 218 E]of, 151 74 3] 9Jof|A]
FIL 29 T doll o, el 3
Zoll A A= Qlet, EIDRTV #23follA] £2 =
o] 511 9l 7|58 OETFe} EOTFe] Tk 22
& NHK, BBC, Dolby, Philips 50| 7} At¢] 7|4
ghedstz] S1a] i Sl At Dolby} Philips®]

32 #&utojc|of M20 45

Aot Yg-2 oA Arst PQ-EOTFS} Philips
EOTFS} 543t Zlolt}, dutdog (19 3)(a)
A5 A (picture monitoring/color grading) T4l
A reference monitors £3 EOTFS ?ﬁ.%—t& Al
5.9] 3h4 9 Azto] el AR} Yol

o] Hieg HAS ggict. o] uf, A|tE EOTF

S nits T2 Aoigha}t HApA1 59 %it&ﬁw

3t gpo|u R A A EOTRE -85 A5
+ nits T 9] = 7HAA| Hof AT A ARE-
= gAaZ Yol 7} SAlTo| A ARSE]= reference

monitore} 4T Hd| B71E 7HAA] G 79
F7HAQ1 gk A of gtk
t}. o|& 59, reference monitor7} Ztj B}17]
1,000nitsQ] 7ol AAE Hte Al5e] Z 4
7]+= 1,000nits 2}l 798 4= Qlar, AH]El= o
AEdol7k A sk W717F 700nits?] 7--¢]
EOTFE AX Al Hof ¥7]E 700nits= ¥3H
ab7] 91k Hejapgo] HastA Het, o]2gh £A4
+ NHK®} BBCell oJf A7 =| %L, o] & s ash=
"ot o 2 NHKQ} BBCE: nits $H919] Aol vt
7] Fho] opd ZhHete] & o7 AlFE= A
QLA ¥7] gk& AME-sH= OETFE AIRbskeitt,
NHK2} BBC7} A|2Fe OETF= A A2 Fof A
SDR A13E ¢]3t OETFQl BT.709/BT. 202094
Gamma 2} FYdtaL 1A% FiofA] st
9] QIR AZHEASS 1 FThL AR = Log &
2 Gamma$} Log 37 Whv+=
FE2 s AAE =5 OETFE AASHiT,
I ol 42 A|9kE OETFE HLG(Hybrid Log—
Gamma) OETFztx d#AXt} HLG OETF=
7] A58 MRS 0,57

Al o] e

o
i)
o

“reference white”2] ¥
=2 g3} ar, “reference white” 51719 124) 517]
£ 7= AS7A] AR SR HE Thssle S



HDR/WCG H|E|2 MHIAS 9Iot #E=t S8 417

A =t NHKSF BBC7F Altet OETF=
Barten®] QIX|A|Z} mdllof] XA 3}e]o] Q17| ofct
+ @3 gEo], SDR A15.9] 7 BT.7099] 4
o]=lo] Q= OETF ZAHe AlA| Hlt)e A2 74

oA ARGEIAL QA ke A2 AL I,

= BT.709/BT.2020
Hybrid Log-Gamma OETF

_ Signal E”_

Luminance (relative to “reference” white, r, at E'=0.5)

(22! 5) Hybrid Log—Gamma OETF

BT.20202 &% 220 7le] TEs 19
oto] @Al HaZdeo] 7leR H 7hs?t ¥
ool Mg Aolsiict. TUT WEo R, dAY
O] ARg- t] AZd0]7} BT.202004 A 2J3t M efe
HEFT S Qlokar shejEiE WOG Bt e Ass
A U8k & AHIE2 BT.2020004 7 of3t Alx

3. EX2|E {2 HIEICO|E]

1) M HEtH|0|E] (Static Metadata)
EOTF A Al dg38t%z0], SMPTE ST2084

ol4] HoI% PQ-BOTFE Aol Z5-of 441
Tl 4 FOTFE %83 vt e A58 e
Spa7 s o aseole] ) Yo R W
o1517] $JelA] MEA ThAof| A AR reference
monitor ¥l FE 9 A2 HH e 4135 9]
W71 JE7E dastA €, oS $fsl, SMPTE
ST2086[6]0A= AH|28kaLA} Sh= HIH 2 412
o] M A Ao A] ARE-H reference monitor?)
A (colour primaries), WA A (white point),
mEfEo]E = %
o5te] ‘149 10Y ®F 0 & ¥t 18l
CEA 861.3[7]ollA1= AJH|A 3hia} B B]L] <.
A15.9) Ao 917](Maximum Content Light Level)
oF 7t = Hd 9719 B+t gh(Maximum
Frame Average Light Level)2 w|Eld|o] g &
AoJsle] ‘154 19 ®F O 2 FH#3IUT} SMPTE
ST20867+ CEA 861,304 g 2|5t wetd|o] &)=
T HEVC E238}o] A|okE|ol HEVC EEo]A]
SEI(Supplemental Enhancement Information)
message= A= A,

g7] 9] (luminance range) S

2) S HIE}H|0|E] (Dynamic Metadata)

SMPTE ST2094¢) A4+ $=AIctoA] E%
HDR/WCG H|t) 2 Al&E SDR/BT.709 A< H]
U2 A58} gho] A-e- Myrto = wWekstr| 9|5
Zagh vt AT F44] vEtdo]E &0l Hiet
=97k AP e gl o]+ F=2 7|& SDR/
BT.709 A% A9 t] A& 1 W HDR/WCG H]
0o ATE HojZy o
Philips, Technicolor, AHd
A 7w BF F3o] ZFE AoE 454

o,
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4. H|C|2 253}

MPEGOI A= 154 2% HEVCZ|9} Blt] 2. s

3} 9FAl o) A HDR/WCG HIT] & A159] &3 A
5 T 7S LotR 7] 8l CfE(Call for
Evidence)E #7lelom, ‘154 69 3]2]ofA

CfE 22 & Dolby, Technicolor, Qualcomm,
Ericsson, Apple, Philips 52| 7|3ol|A] ¢kt
97He 71l sl B7HE Xkt Zﬂ ok 7
=] 2 aa2Ql -'T"j"—ﬁl‘* sl Ao 58S
W77 QiR AA Y] B A2 Ay} 2 7]
SE= PAITY] S42] oA Bagt JH
EH5H= SEI messages Attt whahA,

__4

Jlm
SN

=
=

HDR/WCG B|t] 2 415.9] §& A5 S gt

A, A 2o Fagt Joere AlT1EH
< AYs7| 2 AAstelon, o] fal Ak 7]
&5 A% H71E $J3t CE(Core Experiments)

2 Hgkste] SDR/BT.709 4l

HEVC %204 9% 21z Wy glo]  Fuoke vEAEYT HDR/WCG ulm NsE
SDR out
] HEVC decoder HDR HDR out
new bitstream 5 > g L %
(below slice level) | 4acoder reconstruction
output — &
— Color correction
metastream » Color space
(a) SDR/BT.7090] = 2t&E MEst= ZR
. HEVC decoder HDR HDR out
new bitstream > - - .
(below slice level) | 4ecoder reconstruction
output A
1
——» Adaptive reshaping
metastream —» Color enhancement
—_» Color space
(b) SDR/BT.7090f H=2t&E 61X L= E2

(18 5) MPEG CE LS 7|59 25 otE 49 7=

34 &0t o|c|of ®i20H 45



SDR/BT.709 A5 & W3}sl7] ¢35t vletd|o] el &
ZEsto], RAITOIA] % % UﬂEMlOIEiE o]-g-3}
o] E9% SDR/BT.709 4% E HDR/WCG H]|
Tl Az g Wkl 714 % A= 4ot
Technicolor®} Philips7} A|¢Fst W41 © & SMPTE
ST20940] At 7eeS AA g ol 285
Aokl Hojzlct, J53dS AlFsiA] s 71E
£ HDR/WCG BT 2 4155 F533ke] 3lof
A, Hd| 97] 4,000nitsq] AF GAkol Hdf g7
10,000nitse]] 2 A3HEl SMPTE ST20845 #-4-3}
L Ao|| oa sl v T84S MfAles 7)<,
YR Host a8 WA Ve 55 2RI

ll., HDR/WCG H|C|2 A{H|A

2Es S

DVB % ATSCOl|A] HDR/WCG H]T] Q. HF4 A]
HAE Qg =97} Y=L gk, DVB=
UHDTV ¥%3}2 UHD-1 Phase 1, UHD-1
Phase 2, UHD-22] 3tHA| 2 331 Zof 9low, 1
7he-H] 1TA~18Y AH|AE HRER SHIL Q=
UHD-1 Phase 2= dA QFA Ao THA=2
HDR % WCG A|¢do] 8 Y-&-2o& =)=l §
T}, ATSC= ATSC 3.0 7|42 HDR/WCG Ht]
9 AuA AFE gt 7[EES 154 9Y 39
A AR ko w | 7145710 4T HlaE flgh A
HYd 2 s 7 T =oE AR
stolct, th=9] A’k 7|52 MPEGS] CfE -8
7]#E9l NHK/BBC, Dolby, Technicolor,
Qualcomm, Ercisson %-©] A|¢tst 21 & MPEG
off ARkt 7151t Tt 7IsEol

W AUIAE Slat B2t ol9le] FelSs o

A Arget 7ls
WCG YL AB|A 2 FAES 2TE50] U3
Skl Qlok, 2L Fofl 7H =}
FE9 2 JerE 7};‘“]’E§ s E R
Alejel DECE(Digital Entertainment Content
Ecosystem)ol| A ‘15% 29 HF% 38 HDRIO Media
Profile[8]s T A0] A2 thea 7t}

+ Colour container/primaries: BT.2020

* Transfer Function: SMPTE ST2084

* Representation: Non—Constant Luminance
(NCL) defined in BT.2020

* Sampling: 4:2:0

* Bit—Depth: 10bits

+ Core Codec: HEVC Main 10 Profile

BDA(Blu—ray Disc Association)= Ultra HD
Blu—ray ¥ & HDRIO Media Profileo]] Z7}&
SMPTE ST2086%} CEA861.3% AMEaH= AL 2
42 Aolstglon], HDMI ForumS HDMI 2,0a
o] 45 thaat #o] skl

+ Colour container/primaries: BT.2020

* Transfer Function: SMPTE ST2084

* Representation: Non—Constant Luminance
(NCL) defined in BT.2020

 Sampling: 4:2:0

* Bit—Depth: 10bits

+ CEA 861.3

ol A BAE olslel Bel 9= GG

I} A So| &5 o]& UHD Alliance= HDR
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(DECE) LLC, Feb. 2015
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[11 BT. 709-5, “Parameter Values for the HDTV Standards for Production and International Programme Exchange.”
Recommendation ITU-R, BT Series Broadcasting service, April 2002

[2] BT. 2020, “Parameter Values for Ultra-High Definition Television Systems for Production and International Programme
Exchange,” Recommendation ITU-R, BT. Series Broadcasting service, Aug, 2012

[38] BT. 1886, “Reference electro-optical transfer function for flat panel displays used in HDTV studio prodiction,”
Recommendation ITU-R, BT. Series Broadcasting service, March 2011

[4] SMPTE ST2084:2014, “High Dynamic Range Electro-Optical Transfer Function of Mastering Reference Displays,” the
Society of Motion Picture and Television Engineers Journal, Aug. 2014

[5] Peter G.J. Barten, Contrast Sensitivity of the Human Eye and its Effects on Image Quality, SPIE Press, 1999

[6] SMPTE ST2086:2014, “Mastering Display Color Volume Metadata Supporting High Luminance and Wide Color Gamut
Images,” the Society of Mation Picture and Television Engineers Journal, Oct. 2014

[7] CEA-861.3, “HDR Static Metadata Extensions,” CEA Standard, Jan. 2015

[8] DECE: “Common File Format & Media Formats Specification, Version 2.1,” Digital Entertainment Content Ecosystem
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