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Higher Resolutions

SD 720x480
HD 1280x720

HD 1920x1080

4K UHD 3840x2160

8K UHD 7680x4320
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1280 x 720 1920 x 1080 3840 x 2160
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Higher Frame rate

Conventional Frame Rate

» Wider viewing angle = more immersive
- Increased motion sensitivity =
increased perceived motion artifacts

- Moton - 50/60 fps minimum (100/120 fps being vetted)




High Dynamic Range

* Standard Dynamic Range (SDR) is < 10 f-stops

* Enhanced Dynamic Range (EDR) is > 10 f-stops and < 16 f-stops
* High Dynamic Range (HDR) is > 16 f-stops

Higher Bit Depth
* 8-bit processing =2 10-bits or 12-bits

Wide Color Gamut

* Rec.709 = Rec.2020 or better

UHDTY vs HDTV Color Gamuts




Color bit depth

Rec. 2020 provides for enhancement up to 12 bits (4096 shades).
In contrast, SD and HDTV use a color depth of only 8 bits.

Color depth




Color bit depth
8 Bit 10 Bit 12 Bit

Possible shade values per channel

256 x 256 x 256

sibie shade values per chant ‘ devy er chan

1,0241 1,024 !1,024 4, 096 14 096 K4 096

R G B R G B R G B
16,777,216 1,073,741,824 Over 68 Billion
Possible Colors Possible Colors Possible Colors
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Visible banding
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BT.2020 VS BT.709

Outer triangle: UHDTV primaries
Rec. ITU-R BT.2020
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Comparisons @ Rec 709 material @ Rec 709 display
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Comparisons ") Rec 709 material Rec 709 display
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Comparisons @ Rec 709 material Rec 709 display
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Comparisons (") Rec 709 material @ Rec 709 display
HRERRSRER FHRMERS @ Rec2020 material () Rec 2020 display
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Sunlight : 500,000 nits & more Lighting : 15 to 500 nits
Bn’ght sun!'ghtc n reach 100, 000 000 nlts Moodly lighting can be as low as 15 nits,
‘ ‘ : e and normal room lighting at about 500 nits.

However shop and exhibition lighting may
i be about 1,500 nits.

T — LCD televisions : 200 to 300 nits

Most televisions are designed around
high definition standards that do not
exceed 300 nits. Th , ci( response is
also quite poor at about 0.1 ni ]
‘does not produce >

-

or more.

'&ones and tablets will achieve '
200 nits brightness, while some of the .
brighter devices can achieve 400 nits. Nit = I:Cd/ mZ]
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Highlights

The human eye is less sensitive to changes in
brightness for bright areas of a scene. Not so
much dynamic range is required for these areas
and they can be compressed without reducing
display quality. /

Less dynamic range
Mid-tones
The human eye is reasonably
sensitive to changes in mid-tone
| brightness.

More
dynamic
range

Low-lights

The human eye is more sensitive to changes
in brightness in darker areas of a scene and
l plenty of dynamic range is needed to record

Eye sensitivity

these areas well.

Scene brightness



The Human Eye Pupil

) ! Sun direct

tSun light

Indoor light

Moon light

[cd/m?]

Luminance Levels

Real Wor*™*
10°

108

10°

104

10?

10°

102

104

10°

Human eye
Total
Dynamic
Range
(=24 Stops)
Human eye
Static Dynamic Range

(<12 Stops)

Y

7

brightness levels up to about 24 stops
from one scene to another



The Camera Iris

Real World
10° The modern digital camcorder should

have a similar native dynamic range
108 as the human eye of about 14 stops

7

Sun direct

10°

[ed/m?]

104

10?

i A

Indoor light
100

Luminance Levels

2
10 Just like the human eye, the lens iris

allows camera to accept a far wider
10* range of brightness levels up to about 24
stops from one scene to another

Moon light

104



Luminance Dynamic Range

cd/m?
Human
Sun Direct 10° 1.6Billion RealWorld Visual System

10° 100 Million = )
10° 1 Mio = Moonlight Sunlight
& Clear Street  Sunset,
10 10,000 g Starlight Crescent Full Lighting Sunrise  Overcast Hazy Direct
Indoor
A O OO OO 000 00
10° 1 Rec. 709 10° 107 107 10 10 1p? 10° 10 10°
Moon- (Rec. 1886) 5
light Standard TV [lluminance ——»
107 0.01 angar (Nits or cd/m?)
g (7 stops)
10 0.0001 =
) (14 stops)

10° 0.000001

O (abs. black) ——






\ YW 4

B oo @ AL TR

* Right here:

* Current “Gamma” nonlinearity is based on CRT physics
— Very much the same since the 1930s
— Finally standardized by ITU-R Rec. BT.1886 (in 2011!!!)

— With CRTs almost extinct the effort was made to officially document their response
curve



SDR SDR
(BT.709) (BT.1886)

System Transfer
Scene of

Light Scene Referred
Image Data

OETF EOTF

Opto Electronic Transfer Function Electro Optical Transfer Function
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HDR HDR
(BT.2100) * (BT.2100) _

)
System Transfer
Scene of
Light Scene Referred
I Dat
mage Data

OETF EOTF

Opto Electronic Transfer Function Electro Optical Transfer Function



Dynamic Range

Original Scene Dynamic Range What Viewer Sees
Post
Color Contrast Capture Production  Mastering Distribution  Display Color  Contrast

0.0005 - 100 nits

Original Scene Dynamic Range What Viewer Sees
Post

Color  Contrast Capture Production Mastering  Distribution  Display Color  Contrast

0.0005 - 1000 nits
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Curve
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HDR Formats

Format Proposed By
Advanced HDR Technicolor and Philips
Dolby Vision Dolby Laboratories
HDR10 SMPTE ST-2084

SMPTE 2094-x

-10 = Dolby
HDR10 with dynamic

-20 = Philips
metadata >

-30 = Technicolor
-40 = Samsung

Samsung,
HDR10+ 20th Century Fox,
Panasonic

Hybrid Log Gamma (HLG) BBC and NHK

Metadata

Dynamic

Dynamic

Static

Dynamic

Dynamic

None

Transfer Function

HLG or PQ

PQ

PQ

PQ

PQ

HLG

Target(s)
Broadcast TV, Blu-ray and VOD

Broadcast TV, Blu-ray and VOD
(separate implementation for
Digital Cinema)

Broadcast TV, Blu-ray and VOD

Broadcast TV, Blu-ray and VOD

Broadcast TV, Blu-Ray and VOD

Broadcast TV



HDR . ji 44, 5\

* PQ: (Perceptual Quantizer g =& * /SMPTE ST.2084 )
* PQ10 -7 % & Meta-data
- HDR10 — 4% 4 Meta-data (MaxFALL/ Max CLL) » # % 3£ — 4:SDR?
AL o
 HDR10+ —#* iy Meta-data » # #* 3% — 2LSDR+# %Rbﬁ
* Dobly Vision— # s Meta-data - 7 % 1 & * {£{| &

* HLG: (Hybrid Log-Gamma/ARIB STD-B67)

e 7 7 & Meta-data °
. PEEEA#XSDRbE’HDR AR AR X R E] A



OETF. EOTF5O0O0TF

Signal Level
Display Light

OETF Scene Light Signal Level E OTF



OETF. EOTF5O0O0TF

Signal Level
Display Light

OETF Scene Light Signal Level E OTF



BT.2100° @ F&HDR4E ! 2 3

* PQ(Perceptual Quantization) T_& EOTF » ¥+ = B @ ¥ &
* HLG(Hybrid-Log Gamma) Z_& OETF » &7t = R Ap ¥ &

HiH

ﬂ;spl,,. light Defines EOTF
OETF = OOTF + Inverse EOTF

(2:,5;:1 Defines OETF
EOTF = Inverse OETF + OOTF




— PQ (Perceptual Quantization)
— HLG (Hybrid-Log Gamma)

Standardized
ITU-R
RAndecommpnaataon Sestor of AU m
\ Encoding ] | Decoding )
BTS2 |
T O o Camera Display

Image parameter values for high dynamic
range television for use in production and
international programme exchange

Standardized

( Encoding | | Decoding |
| |

Camera Display
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REFERENCE DISPLAY

Sony BVM-X300 Canon DP-V3010



PQ + Metadata = HDR10

*ST.2086

v' Metadata for conveying the color gamut, color
temperature, maximum luminance, minimum luminance
of the mastering display

* MaxCLL(Maximum Content Light Level)
V @ PR EERXRAEE

* MaxFALL(Maximum Frame Average Light Level)
V £ - Bl TAR A E o
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Reasons to select HLG L 9)Itra™

* HLG is made by broadcaster for broadcasting.

* HLG is made to fully utilize camera capability (1300%) and TV
capability (1000nits), and optimized code value allocation to
it.

* HLG is ITU-R standard and ARIB Japanese standard.

* HLG has backward compatibility, which allows mixed
programming with conventional SDR programs.

 Tested various aspect of HLG and PQ, and are comfortable to
use HLG for broadcasting.



ST-2084/BT.709

EOTF Curve Approximations: Gamma 2.4 vs Perceptual Quantization
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HLG/BT.709

EOTF Curve Approximations: Gamma 2.4 vs Hybrid Log Gamma
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PQ (HDR10) - & 7+ %%

4K HDR=1 5%,







— PQ (Perceptual Quantization)
— HLG (Hybrid-Log Gamma)

Standardized
ITU-R
RAndecommpnaataon Sestor of AU m
\ Encoding ] | Decoding )
BTS2 |
T O o Camera Display

Image parameter values for high dynamic
range television for use in production and
international programme exchange

Standardized

( Encoding | | Decoding |
| |

Camera Display




L P ¥ HLG?

*HLG £ d BBC{rNHK: - 3 A2 sHHDRIR I - v “F /f
- R HLF T I R4 % HDR{r22HDRE AR -

*HLG¥ i 33 87 Fr e7™ ;% k2 W $FHDR T 51§ ¢
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BPU: Base band Processor Unit

v P BSDREBIRYIRGHLFEBIEH], BaER & RAEHDRIEH{EH




AK/HD OB g4 1 ¥

HDR & SDR Simultaneous Production (Conversion at the end)

4K-HDR 4K-HDR \
(S-Log3) (s-Log3). 4K-HDR
onverter

- (HLG)

JtiFHHD
Monitor,W/F |

TD: Technical Director

ﬂ D: Director
l VE: Video Engineer




Live HDR Workflow

Live shooting Editing & OB van Output  Broadcast master
4K/HDR channel

4K/HLG

PWM-F55 BT.2020 2t
(RAW) Live Simul-feed
S-Log3/ or HLG Ngrey i
HDC-4300 BT2020

HD/SDR
BT.709

HD/SDR chinnel

( S-Log3/S-gamut3 ) SDR

Onejsystem

Conv

Conv Disc master
HDR

SDR S-Log3d/ Conv
Monitoring BT.2020 P

(HLG/BT.2020) (SDR/BT.709) Off line
Various outputs

~ (709)
Various sources

for camera control and QC
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*106/7/18~106/8/31

* BT

=

o]]\;é

. DVB-T+4K/HEVC
P 20178 X ER P R

A/" — )»,“ N2
N i

*107/8/14~107/9/1

o Hi

o]]\;é

: DVB-T+4K/HEVC
: SDR/HDR &

RETIKESBRETHRMEAE -
AREREEEEEL - TEZESFERS
AR4KBREAEHEREME L
AREREA -

http://www.pts.org.tw




(14.9Mbps)

Ch30

(14.9Mbps)
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NEWS & VIEWS

FIND CUT OK PAGE 38 “_..' 8
Media 2020 addresses
major issues facing
- "”='-‘“ foday’s hroadcasters

Netcs Yom o U

ASIA- PACIFICBROADOASTING

: T T T m

= Professional medla over IP:
Building a mlure-nrnoi mellla lal:lllw

NEWS & VIEWS | & CREATION

Taiwan PTS' 4K/UHD TV
trial of games a success

Dejero

i

NEW
LIVE SPORTS
PRODUCTION

2017 & ~ 2

%‘; L

<£

iy

4K/UHD TV trial a success -
but not at expense of HOTV

#p (DVB SCENE
T A I

A)

( APB, Asia Pacific Broadcasting) ~ »>-1 % iz

Taiwan Stretches The Boundaries Of DVB-T
The 2017 Summer Universiade athletics event took place in
X ~ -

Taipei, Taiwan from 19 August te 30 August. Through the
support of the Taiwanese Ministry of Culture, the Taiwan Public
Television Service (PTS) broadcasted the opening and closing

ceremonies of the event in 4K UHDTV using DVB-T with HEVC,

which must be a world's first. The Universiade is an TAIPEI 2017
international multi-sport event, organized for university 29" SUMMER UNIVERSIADE
athletes by the International University Sports Federation “ 'M*
(FISU). The name is 2 combination of the words "university”
and "olympiad".

Signal testing for the special project began back in July in order to get ready for the
broadcast of special 4K content commissioned by Ministry of Culture. The content
included documentaries, performance arts, nature, and classic drama programs and
was transmitted between the 8-12 August .

Taiwan selected DVB-T as the standard for digital TV broadcasting back in July 2001
and was the first country to use 6 MHz channels to launch an HD, DVEB-T service using
MPEG-4/H.264.

The experimental UHD broadcast utilized the following parameters over DVB-T:
Channel 26

Frequency 542-548 MHz 545MHz (central)
Bandwidth 6MHz

Modulation 8K 64QAM Non-Hierarchical
CR 2/3

GI 1/4

Payload 14.9 Mbps

Video codec: HEVC/H.265
Audio codec: HE-AAC

2160p (3840x2160/59.94p)

Compression

Resolution
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& HDR{R & crjig ™

« P m 5 HDReOF AR > + $84 § HDR10: PQLOE % -
e UHD §5 sk 3% x4 4% * HDR1O -
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&508 L G 607 4K UHD;H43% 5, B H60UJ658T
*4K IPSTH

ebOS 3.5
[ AHDR 10 | |

= VIP RS

A3840x2160p =2 & |

*#4EHDR (HDR10/HLG) LG 652 Nano Cell™ SUPER UHD 4K &1}
*IPS 4K

OmALE | 58 | 5=

> FFEBHERRE
© SHRHDR 10 @ webOS 3.5 Smart TV > webOS 3.5 Smart TVt

| IPSEE/REWIFI | 4KUHDMIfE | HDMI*4/USB | » Smart Share £33 =13

G- o SRnLe R E (UHD 4K)3840 x 2160

SRR BXEEEFEL
EEE F=ABEEE DCI90%
B A Yes
BEEIEEHF(Ture Motion) 240 Hz
107 TEEE LR Yes

LG 863 SUPER UHD 4K E38 LG 65% Nano Cell™ SUPER UHD LG 55 Nano Cell™ SUPER UHD

AK EfR AKER Eﬁ pate

= AR TR T

865J957T 655)800T 555J800T

O MALE O MARE O MALE i1 22 5 B il =K EEFE

HEEE NEEE | B#AESEE (HDR) —#8 Active HDR (Dolby vision / HDR10/ HLG) |
$369000 $129000 $64900 SOEAR S Bl Yes
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HDMI

New 2.0b and 2.1s

e V2.0 4K/60P

e V 2.0a 4K and HDR-1(
e V 2.0b 4K, HDR-10 an
e V2.1 4K, HDR-10 an

HDMI 2.0b = EFH1B4F 24

275 HDR (High Dynamic Range) & 2/ 45 #0 /2 A7 45 1% 87 -

BEEIA - 7£10.2 Gbps (HDMI1.4) 1E 1] #) 18 Gbps -

HE LI AK@60Hz - LR E 7 35 18 30@4K <(HDMI1.4 AZ 4K@25/30Hz.)
ZE 1536 kHz 9B HEEIIEE -

32 FHEE -

FAEH 21:9 FIBITREFHZR -

G FHEEZ B HDMI R FHIEEE R IDEE -

E pPREMIUM HDMI 5358 - Bl HDMI 2.0b °
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* http://www.mysterybox.us/blog/2016/10/27/hdr-video-part-5-
grading-mastering-and-delivering-hdr

* https://www.itu.int/dms_pubrec/itu-r/rec/bt/R-REC-BT.2100-0-
201607-1TTPDF-E.pdf

 http://www.mediaandbroadcast.bt.com/wp-content/uploads/D2936-
UHDTV-final.pdf

* https://ultrahdforum.org/wp-content/uploads/Ultra-HD-Forum-
Guidelines-Phase-A-v1.5-final.pdf

 https://www.smpte.org/sites/default/files/Study%20Group%200n%?2
OHigh-Dynamic-Range-HDR-Ecosystem.pdf




