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Have you bought your 4K TV yet ?

LG ULTRA HDTV
Reinventing the way you watch TV

To say we've raised the bar on picture clarity is an
understatement. With four times the pixel
resolution of Full HD, watching an LG Ultra 4K
HDTYV is a breathtaking new experience. And now,
our 84"-class resolution TV is joined by 65"-class
and 55"-class editions.

LEARN MORE

live BEYOND -

@ @ /
defirution. wvis [ Sm——) 1O\1

Get unbelievable picture quality with four times the pixels of regular HD.

Shop XBR 4K TVs
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I What 4K material can you watch ?
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I Why 4K?

= Higher Resolution (8192x4320), (4096x2160), (3840x2160)
= Higher Frame Rates 48, 60, 120

= Extended Color Fidelity
— Greater bit Depth 10, 12, 16-bits
— Extend Gamut, P3 (XYZ), ACES,
— Look Up Tables (LUT), S-Log
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Image Size Matters
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I Image Size Matters, How Many Pixels?
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Data Rates

= SD 270MHz SMPTE 125 ='=
= HD 1.5Gb/s SMPTE 292

= Dual Link SMPTE 372

= 3Gh/s SMPTE 425/424

= What about 4K?

= 4x HD-SDI

= 4x 3Gb/s SDI

= Depends on format
—422 YCbCr @ 24p = 4x HD-SDI
—422 YChCr @ 60p = 4x 3Gb/s

Tektron/ix\%



Evolution of SDI

— EAV
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C'R'959
Y1919
EAV(3FFh)
EAV(000h)
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LNO

= SMPTE 2048 - 0/1/2
— 2048 x 1080 and 4096 x 2160 Digital Cinematography Production
Image Formats FS/709 — Roadmap for the 2048 Document Suite

= 6Gb/s Shown at NAB by Blackmagic, Gennum, Mindspeed
— Not standardized yet in process with SMPTE

= 10Gb/s Optical Standardized in SMPTE 435 10Gb/s Serial Signal/Data
Interface
— Part 1 Basic Stream Distribution
— Part 2 10.692 Gb/s Stream - Basic Stream Data Mapping

— Part 3 10.6921 Gb/s Optical Fiber Interface
8 Tektron/iX@



I SMPTE424M
3Gb/s Signal/Data Serial Interface

= Defines the transport of bit-serial data structure for
3.0Gb/s

= Using a single coaxial cable interface
= Supports either 10 or 12 bits data words

= Mapped into two virtual interfaces

— 10 bit parallel data streams (Data Stream One & Data Stream Two)
Digital Line Period

Data stream one of the virtual interface
Interface Frequency 148.5MHz or
148.5/1.001 MHz

Digital Active Line ¢ Digital Line Blanking

Active Picture or Ancillary Data ¢ Blanking Level or Ancillary Data

Data stream two of the virtual interface
Interface Frequency 148.5MHz or
148.5/1.001 MHz

. Digital Line Blanking

% ¢ Blanking Level or Ancillary Data
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Image Structure Multiplexed

Data Stream one and two of the virtual interfaced are
multiplexed together producing twice the data rate
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= Channel Coding uses NRZI ¢
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Data Stream Two
Virtual Interface
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Multiplexed 10-bit
Parallel interface
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I SMPTE 435

= Support Quad Link 1.5Gb/s
— 1920x1080 422 YChCr 12-bit 50p, 59.94p 60p
— 2048x1080 422 YCbCr 12-bit 50p, 59.94p 60p
— 1920x1080 444 RGB(A) 10-bit 50p, 59.94p 60p
— 2048x1080 444 RGB(A) 10-bit 47.95p 48p 50p, 59.94p 60p
— 1920x1080 444 RGB 12-bit 50p, 59.94p 60p
— 2048x1080 444 XYZ 12-bit 47.95p 48p 50p, 59.94p 60p

Basic Stream CH1 (Link A)

System
Channel 1

Basic Stream CH2 (Link B)

Basic Stream CH3 (Link C)

System
Channel 2

Basic Stream CH4 (Link D)
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I SMPTE 435

= Support Octa Link 1.5Gb/s
— 3840x2160 420/422 YCbCr 10-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 4096x2160 422 YCbCr 10-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 3840x2160 444 RGB 10-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 4096x2160 444 RGB(A) 10-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 3840x2160 444 YChCr 10-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 4096x2160 444 YChCr 10-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 3840x2160 420/422 YCbCr 12-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 4096x2160 422 YChCr 12-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 3840x2160 444 RGB 12-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 4096x2160 444 RGB 12-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 3840x2160 444 YChCr 12-bit 23.98, 24, 25, 29.97, 30 P or PsF
— 4096x2160 444 YChCr 12-bit 23.98, 24, 25, 29.97, 30 P or PsF

= Almost as many formats as flavors of ice cream.

12 4 December 2014 Tektronix@
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4K Format

4K Image

13
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Sub Image 1
System 2.1 SMPTE434-1

Sub Image 2
System 2.1 SMPTE434-1

Sub Image 3
System 2.1 SMPTE434-1

Sub Image 4
System 2.1 SMPTE434-1

Basic Stream CH1 (Link A)

Basic Stream CH2 (Link B)

Basic Stream CHS3 (Link A)

Basic Stream CH4 (Link B)

Basic Stream CH5 (Link A)

Basic Stream CH6 (Link B)

Basic Stream CH7 (Link A)

ANAN

Basic Stream CH8 (Link B)
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I 4 Way Division Quad Link

a 19192047 1920/2048 3839/4095 1 93'[11“2[?48- 2748 0 19182047
a 41
42
To the active area of To the active area of =
Sub image 1 Sub image 2 Ll
1122 Z
1079 1125
1080 — %1
= | HANC |=
To the active area of To the active area of 5| Data |o5| System1i.1,2.2=2.5
Sub image 3 Sub image 4
2199 Sub Image 1-4

= Simple Method
= Need to ensure correct timing for alignment of Image.
= Requires large memory to store images.

= Used within post production and camera application.

14 4 December 2014
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Sample Interleave

15

21846

. R or C’ rRcomponent - G or¥" component

. B or "B companent

0 383904085 0 3R35/4005 4] 38394085
o] 0 - - .- ----- D‘.‘.‘. ------
™ O 0 R 00000 @
: :
: :
- . -- ..... ‘.‘-‘. ------
2158 2158 o c O 250 0000 O """
R"G"B'or Y'C'BC" R 4:4:4 system Y C'ECTR 4:2:2 system Y¥TCTBCT R 420 system
0 3830/4005 192002048 21992 0 191972047
.1
"""" L L K 2 I L N 2 T % ] 42
...... = |1
....... L L B 2 X L N 2 3 3B N J 1 &N N J§ _ﬁ‘——‘-—n_\__‘_\_‘_\_hh
11238 LLi
=
=y
wl
= | HANC |=
ﬁ Data |5 System1.1,22~25

LA L 3 L b 8 2 L B R 7 1 ] .-q

More complex multiplex of data

Sub Image 1-4

Simpler memory configuration and less processing delay

Used for transmission and encoding

4 December 2014
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I Data Mapping

= Mode A supports 5 Channels
— Single Quad Link or Multiple Single & Dual Link

CH 1

CH2Z

CH3

CH 4

CHE

Z | HANC Data |Z Video Data
L (¥ 5]
Z | HANC Data |= Vidso Data
L o
Z | HANC Data |2 Video Data
L (]
Z | HANC Data |= Video Data
L o
Z | HANC Data |2 Video Data
L o

—>

£0-bit data block

(_Aﬁ

10,692 Ghis stream

CH1
Data

CH?2
Data

CH3
Data

CH 4
Data

CH&
Data

CH1
Data

CH2
Data

= Channel 1 must be present, others are optional

= All Signals have same format and frame rate

16
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Data Mapping
= Mode B supports 6 Channels

— CH 1, 2, 3, 4 HANC Mapping at 2048x1080/23.98P-25P and 1920x1080/23.98P-30P
— CH 1, 2 HANC Mapping at 2048x1080/29.97P, 30P

50-kit data block

A Video/EAVISAV data of 10,692 Ghis stream
CH1 % HAMNC Data L% Video Data
CH1 CH2 | CH3 | CH4 | CHE | CHE | CH1
Data Data Data Data Data Data Data
CH2 % HAMC Data ;’% Video Data
CH?3 % HAMNC Data [% Yideo Data ::>
EO0-bit data block .
CH 4 % HANC Data L% Video Data —A HAMNC Data of 10.692 Gb/s stream
CH 1 CH2 | CH3 | CH4 | CH1 CHZ2 | CH3
SANC Dot . Data Data Data Data Data Data Data
- = ata e
CHS ﬁ {not carried) u{:‘) Video Data ar
= | HANC Data | = _ CH 1 CH2 | CH1 CHZ | CH1 CHZ2 | CH1
CHE E (not carried) U‘-F:, Video Data Data Data Data Data Data | Data Data
= All Signhals have same format and frame rate

17 4 December 2014 Tektronix@
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4K Fast Progressive SMPTE 2036

| Basic stream CH 1 (Link A) I—.- (S [&| HaNC Data [Z|  Video Data 10G-SDI Link 1
iLHZ || HANC Data | = 3
i i CH3 |= | HANC Data |= 3 80-pit data
| Basic stream CH 2 (Link B} | P 5 A || (ot camied) é Video Data A Video/EAVISAV dala of 10,602 Gbls stream
HANE Data o
Link B || (ot carried) |5 Video Data CHEIUH 43| cHES UHﬂGHﬂCHﬂ .
Basic stream CH 3 (Link A) [——» 005 |2 CAHETE8 (2| video Data [_>
THE | | HANC Datz :
Link B | (not camied) |3 nfLEniens 50-bit data .
- - =TT = [H-!-.M:: Da_t; = 4 HANC dats of 10,822 Gbis stream
Basic stream CH 4 (Link B) P ok [Z| (ot carmad) |5 Video Data
CHE |=| HANC Data = 3 CH1|CH1|CH1|CH1|CH1|CHA1
Link B |5 | (rot camied) |5 Video Data
: - TExE = ,
| Basic stream CH 5 (Link A} |_.’ Link A || HANC Data || Video Data 10G-SDI Link 2
THZ |=| HANC Dala |=
Link B [ | (not camed) | Video Data SMPTE 435 Mode D
: - 5 = = 80-bit data
| Basic stream CH & (Link B) |—P ,f;,ﬂ‘l, = ﬁ”&,ﬁg% 5 Video Dala e, WideolEAVISAN data of 10,682 Gbis stream
CHd |=| HANC Data |= |
Link & |1 | (not camied) |5 Vigeo Data I:Ha L‘.Ha L‘.HﬂCH 8T | CH 211 CHE|- :
| Basic stream CH T (Link A) |—.' o |5 oot s (2] Widee Data l_> | _
THE |= | HANC Dala |= )
Lnk & |i5 | inot camied) |5 ik Cte S0-bit data . | e
- - =7 1 FANC Doia [ A HANC dats of 10.692 Ghis strasm
Basic stream CH 8 (Link B) —l."' Link A |Z | (not camied) | S Video Data
THE |=| HANC Dala |= CHA[CH1|CH1|CH1|CH1 | cH1
Link B [{5 | (not carmed) |3 Video Dats

Mapping into Link As of 10G-
S0l Link 1 and Link 2

18 4 December 2014 Tektronixo
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I What about 8K?

= SMPTE 2036 defines Ultra HDTV for 4K & 8K
—More formats

= 3840x2160 23.98, 24, 25, 29.97,30, 50, 59.94, 60P
= 7680x4320 23.98, 24, 25, 29.97,30, 50, 59.94, 60P

2-sample interleave division

UHDT"H 2 I."I HDTYV Class Sub Images 1-4 or 1-16
' P Basic Stream 1 [—]
¥ [ - - - — : 10G-SDI Link 1

= = ! p[ Basic Stream § |—m

ul - i A |

= || syetem 1.1, 2.1.25. N |

= e =T |

N System 1.1, 2.1~2.5, I
\ = | HANC = e —me| Basic Stream 1 [—m»

N [B| o= (B _ cmneain | - 10G-SDI Link 2,4 or 8

5 SMPTE 5T 435-1 ; : 5
\ i p-| Basic Stream 8 |-

19 4 December 2014 Tektronix@
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8K Format SMPTE 2036

Basic Stream CH1 (Link A)

Sub Image 1 System 2.2,2.3, 2.5 Channel 1

SMPTE 435-1
System 4.1-4.3

Basic Stream CH2 (Link B)

Basic Stream CH3 (Link A)

System 2.2,2.3, 2.5 Channel 2
Basic Stream CH4 (Link B)

Basic Stream CH5 (Link A)

Sub Image 2 System 2.2,2.3, 2.5 Channel 3

SMPTE 435-1
System 4.1-4.3

Basic Stream CH6 (Link B)

Basic Stream CH7 (Link A)

System 2.2,2.3, 2.5 Channel 4

Basic Stream CHS8 (Link B)

Basic Stream CH9 (Link A)

System 2.2,2.3, 2.5 Channel 5
Sub Image 3 y

SMPTE 435-1
System 4.1-4.3

Basic Stream CH10 (Link B)

Basic Stream CH11 (Link A)

System 2.2,2.3, 2.5 Channel 6

Basic Stream CH12(Link B)

Basic Stream CH13 (Link A)

Sub Image 4 System 2.2,2.3, 2.5 Channel 7

SMPTE 435-1
System 4.1-4.3

Basic Stream CH14(Link B)

Basic Stream CH15 (Link A)

A A AN

System 2.2,2.3, 2.5 Channel 8

Basic Stream CH16 (Link B)

Line Demultiplexing Word Demultiplexing
Defined in SMPTE372 Defined in SMPTE372

20 4 December 2014 Tektronixo
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Sample Interleaving of UHDTV?2

UHDTVZ2 Class image

Demultiplexing Unit

UHDTV1 Class images

| = | =

UHDTV1 Class image 3

0
0 - 7679/ 4
10,geB8.gE, T]1]5] 5] 2] 2] 6] 6] eweevedtevecs | 0? 3839
9D ElE 99/ D/D/A[AlE|E) emeaccakascas || 5|5/6/6]5 512‘ ]
3344l et t7 1 g ta s s | | 7[7]8]8]7]7]8]®
00.0..0*?0... | ETEVETETE 5
B|BIF|F[C]C| G| G[B]B[F|F|C[C| G| G amsanandbnans [ 2
1(1]5(56(2]2(6]6(1]1]5]5]2]2]6]6) | | i 7i8l8lr]7
[o] o] D] D[ A[A[E[ E[ 9] 9] D[ D] A[ A E[ E ___M
3[3[7[7[4]4[8[8[3[3][7]7[4[4]8[® "4
6] 8] FF[ c] c] [ & 8[ B] FIFlc[c[G[G | ] TG
] J
! [ !
- | | | 2159
2159 ' L N 0
] || |I | 0 g
H | [ =3
: | B
: | |I I|I 9
’ B
H B
L]
(21266 1[1[5]5[2]2]6

Gl 1 B ----.--++-... [
A A[E[E[S[G] D[ D[A[A[E[E] ewemsevageees] |/
44 3}3%3 3 ?}?{4 4[]8 ameanacchacad |/
4319 C[C| G| G|B|B[F]F[C[C| G| G| amwnmnaahmenal ||/

2-sample interleave
division
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4K Monitoring

= 4 Input Buttons
lluminated

= Picture Combined

= Traces Combined

= Limited ANC Data
(CH1 & 2)

= Limited Embedded
Audio (CH1 & 2)

e i

Input Monitor Mode JUHD /4K Video 4

SyncVu Disable / Enable
3D Input Type Off /...
Multi-Input Mode Disable / Enable
USB Unmount Press Select

USB Status Press Select
Thumbnail On / Off

3840X2160p 29.97 [ [ ID: WFM8300_20083¢
SDI In Quad-HD Embd: PPPP PPPP PPPP PPPP PPPP PPPP PPPP PPPP

| Ref: Internal TEktron/lx A(ed Disabled

22 4 December 2014 Tektronix@
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4K Monitoring — 4 Tile

= Max 2 Trace Tiles
= Combined Picture

Bars: 100%

Video Session Page 1 of 2

SDI Input 1A Signal:

3840X2160p 29.97 (Det 3840X2160p 29.97) — HD SDI 422 — 4x1

3840X2160p 29.97 — Auto Structure — Quad Link HD
Links 352M Payload Y Stuck Bits  C Stuck Bits AP CRC B
85h C6h OOh Olh 6FODh SECAhR
85h C6h OOh Olh ———— ———— — 1EGOh 89F1h
85h C6h OOh 0lh ———— ———— —— 347Dh OSE3h

85h C6h O0h 0lh ———— ———— — AAFOh C7CEh

Ancillary Data: Y and C Present CRC Changed since reset: Yes

SAYV Place Err: Line Length Err: )
Field Length Err: K Line Number Error:

Pres L — reset. L/R arrow key stop/start Jown change page

| 3840X2160p 29.97 ID: WFM8300

SDI In Quad-HD Tekt . Embd: PPPP PPPP PPPP PPPP PPPP PPPP PPPP PPPP
| Ref: Internal | e l‘OIl/]X T Disabled

23 4 December 2014 Tektronix@
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4K Monitoring — Video Session

|
Video Session Page 2 of 2 ]
Statistics Status Err Secs Err Fields % Err Fields
RGB Gamut Error 16 818
Cmpst Gamut Error 39 2447
Luma Gamut Error 3
Y Chan CRC Error 1 ]
C Chan CRC Error
Y Anc Checksum Error
C Anc Checksum Error . |
|

Changed since reset: No Run Time: 0 d, 00:01:12 Running
Press SEL — reset. L/R arrow key stop/start. Up/Down change page

ID: WFM3300 4K Demo
Fmbd: — — —— — - —

Tektron/ix TC: Disabled

24 4 December 2014

Select Status button
Push & Hold Status to
access menu

Select Display Type
Select Video Session
Use Up/Down Arrows
to select pages
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4K Monitoring — Timing Display

25

Input Timing To External Reference

Circle will be in the center when input

timing matches the Reference

4 December 2014

Tektron/ix

1D: WFM8300_1c6bbE

i == ———— —— —— ——— ——— — ———

el

Vertical Offset:
13 lines delaved

Horizontal Offset:
2197 us advanced

Relative to:
Analog(DAC)

Link B to Link A:
26.936 ns delaved

2 clocks delaved

Link C to Link A:
13.468 ns advanced

1 clocks advanced

Link D to Link A:
13.468 ns advanced

1 clocks advanced

Disabled

Select MEAS button
Push & Hold MEAS to
access menu

Select Display Type
Select Timing

Ensure EXT selected

Tektron/ix-@



Digital Cliff

26

What is it?
— Failure of system to recover the clock / resolve data

How do we know when it is approaching?
— Only way is to assess/measure physical layer

What causes it?
— Cable length and type
— Cable damage
— Improper termination
— System design issues

How do we measure?

— Eye and jitter measurements
— EDH and CRC

4 December 2014
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Physical Layer Measurement st

Eye waveform

= Simultaneous Measure
—Timing Jitter
— Alignment Jitter

itterl HPF Z - Timin, Ga 00 1 1 HP 1 z — Timi g
H: 8 V in; x10. tter F 10 H n , I
Jitterl |

= Jitter Display In z
Two Field Mode E——

0 Ut 014 020 03401 0dB 210 30 510dB PP 0.45ns 01201

. . ______ Inmmm
_Fleld Dlsturbance W Cable Loss (SD): 234 4B

P-E: 105ms  028UT Approx Cable (SDk 35 Meters
OUL 014 020 o3gur Source Level (D 784 my
7_7_] Cable Type: Belden 8291

- Jitter2 HPF: 1 kHg Alignment  Eye Amplitude: 732 my S |
= Selectable Filters |
Eye Falltime: 1544 py : ‘ )
Eye Rise-Fal; 36 ps

Eye Rise Overshoot: 0,0 %
1 O H Z 1 O O I I Z Eye Fall Overshoot: 0,0 %
— ) ]
1kHz, 100
SO Inpyt 5
Ref: Interny| 53;031““ Frron

= SDI Status Display gty | P

Audio Inpyt, AES A

Y Gaip !
5251 5094 Gain: %1000 Jitterp

HPF 1 ki _ Alignment

nix’
27 4 December 2014 Tﬂktl'o u



I Stressing of the Physical Layer

= Pathological Signal
—~SMPTE RP 178
—Equalizer Test has maximum DC content
—Phase Locked Loop Test has maximum low-

PATHOLOGICAL TEST SIGNAL

G,X) = X +X +1 > —
GX) = X + 1 ﬂ< 19 BITS ’H

Encoder
Scrambler »

< > < 20 BITS >
20 BITS

PLL Test

28 4 December 2014 Tektronixo
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Video Session Display

Video Session

Input: SDI A —3Ga Data Collect: Running
Signal: Locked Run Time: 0 d, 02:41:28
Effective: Auto 1080p 59.94 — YCbCr 422 10b — 425M-A 2.970/M Gbps

Selected: Auto Format — Auto Structure — Auto Transport

352M Pavload: §9h CAh 00h Olh

SAYV Place Err: OK Y Stuck Bits:
Field Length Err: OK C Stuck Bits:
Line Length Erz: OK

Line Number Err: OK

Ancillary Data: None

Statistics Statns Err Secs Err Fields

RGB Gamut Error OK 3 4
Cmpst Gamua* Frrc: Yo72 5ro32L
Luma Gamut Error 4 3 4

Y Chan CRC Error { 4170 103616

C Chan CRC Error . 4170 103620

Y Anc Checksum Error 140 140
C Anc Checksum Error 3916 ]

Tektronix
Vs
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Ancillary Data Types

Listed in SMPTE RP 291 (last updated 2009) or online at

= Some interesting types:

DID SDID Standard Application
F8h—FFh S272 Audio data (SD)
ECh-EFh S272 Audio control packet (SD)
E4h—E7h S299 Audio data (HD)
EOh—E3h Type 1 S299 Audio control packet (HD)
FOh S315 Camera position
F4h RP165 Error Detection and Handling
41h 01h S352 Payload Identification
41h 05h S2016-3 AFD and Bar Data
45h 01h-07h S2020-1 Compressed Audio Metadata
60h 60h S12M-2 Ancillary Time Code
61h 01h S334-1 Caption Distribution Packet

30
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Tektron/ix\%


http://www.smpte-ra.org/S291/S291_reg.html
http://www.smpte-ra.org/S291/S291_reg.html
http://www.smpte-ra.org/S291/S291_reg.html

Why is ancillary data important?

31

Many data types are mandatory for program content

For example, these are excerpts from the PBS Technical
Operating Specifications for Program Submission:

— “Line 9 ... must contain SMPTE 334 compliant closed caption
(CC) data.”

— “An AFD code must be placed on line 11 of every field of every
frame of each segment including the pre- and post-segment black
portions.”

Requirements to meet loudness guidelines increase the
need for audio metadata to be carried with the content

Impossible to correctly display 3G formats without color
space and sampling structure information

4 December 2014 Tektron/ix\



ITU 709-5 Chromaticity

CIE 1931 Chromaticity Diagram

32
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NTSC

EBU Rec 709

1931 2-degree Observer

Red
Green

Blue
White

0.640 0.330
0.300 0.600
0.150 0.060
0.3127 0.3290
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How the Diamond Display is Constructed

+700 mV ‘

Green

ov Blue +700 mV

ov

Green

+700 mV '

N

X -Y Plot Diamond Plot Split Diamond

33 4 December 2014 Tektronix®
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Blue Gamut Error on the Diamond Display

High: 735 po¥
Low: -3 mV
Area: 1%

Split-Diamond

4 December 2014 Tektron/ix



Red Gamut Error on the Diamond Display

High: 735 po*
Low: -3 mV
Area: 1%

Split-Diamond

4 December 2014 Tektron/ix



Green Gamut Error on the Diamond Display

High: 735 n¥
Low: -3V
Area: 1%

Split-Diamond
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Corrected Gamut on the Diamond Display

o~
High: TSSQIQ
Low: =35 mV
Area: 1%

Split-Diamond
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Image with Gamut error in Blacks and RGB Gain

Lightness

100% Value

7% Value

Spearhead Bars: 100%

High: 735 mV
Low: =35 mV
Area: 1%

Diamond

| 525i 59.94 1D: WFMS300:
SDI Input A

Embd; == e s e
| Ref: Internal TS Disabled
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Image after Color Correction using Spearhead Display

50% Sat.

75% Sat,
.

Lightness ol ¥ A e
oy e 100% Sat

100% Value

7% Value

Spearhead Bars: 100%

"‘))"’,‘?..'.' . ,,‘.r','-..

High: 735 mV
Low: =35 mV
Area: 1%

Diamond

| 525i 59.94 Aug 19 17:33:44 1D: WFM8300Spear
SDI Input A

- [177] 1 S —————
| Ref: Internal Tﬂk‘ron/lx TS Disabled
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High Efficiency Video Coding

HEVC

Tektronix-
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I HEVC

= High Efficiency Video Codec

* Joint standard of ISO-IEC/MPEG and ITU-
T/VCEG

» Successor of H.264/MPEG AVC
* ITU- H.265 and ISO- MPEG H Part 2

= |mproved compression relative to existing standards
* 50% Dbit rate reductions compared to H.264
* /5% Dbit rate reductions compared to MPEG-2

= Targets the existing applications of H.264 and focus
on

* Increased video resolution

Increased use of parallel processing architectures
Tektromx\%



HEVC Applications

42

4K in broadcast — Japan(8K), 2014 football world cup

Deployment of more channels over satellite, cable and IPTV
Lowered cost of video storage and distribution

Widened reach for bandwidth-constrained mobile and IPTV operator
Improved QOE of OTT services to match traditional broadcast deliver

French Open 2013 had end to end HEVC delivery chain
demonstration with real time HEVC encoding(720p50), MPEG-2 TS
and DASH protocol
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HEVC Performance

Park Scene, 1920x1080, 24Hz

100%
90%
80% | e
70% T G -

60% , | R e s R gl ol it
T Tt
40%
30%

20%

------ relative to H.262/MPEG-2 MP — -relative to MPEG-4 ASP

bit rate saving of HEVC MP

10% . .
- = relative to H.263 HLP - relative to H.264/MPEG-4 AVC HP

0%

31 32 33 34 35 36 37 38 39 40 41 42
YUV-PSNR [dB]
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Compression Basics

44

Goal of compression: Optimize coding efficiency

The goal of compression is to remove or reduce
redundant information from the given source

Intra (spatial) coding and Inter (Temporal) coding

Compression allows better quality picture same
bandwidth

Different coding tools defined by the standard
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I Scope of Standard

45

RAW SOURCE PRE-PROCESSING ENCODING

POST-PROCESSING
VIEWING DEVICE & ERROR RECOVERY DECODING

Specifying the format of the data to be produced by a conforming
encoder

Decoder processes the “compliant bit stream” to original source
Standard defines bit-stream structure and constraints

Gives freedom for encoder implementations for efficient and complex
design
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Compression: Coding Tree Unit (CTU)

Picture is partitioned in to CTU as a basic processing
unit

CTU: Analogous to AVC Macroblock (16x16)
however is larger than traditional macroblock.

CTU: CTBs are divided in to Luma CBs and Chroma
CBs

Variable size and larger CTBs are allowed and
beneficial while encoding high resolution video

The Luma CB and two Chroma CB together with
associated syntax form a Coding Unite (CU)
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Coding Tree Unit

= HEVC Picture is partitioned into T f
square coding tree blocks (CTBs). N = ol
8,16, 32, 64

= Analogous to AVC Macroblock (16x16)

= CTU: CTBs are divided in to Luma
CBs and two Chroma CBs

CTU
Header
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I Prediction

= The decision of prediction is made at Coding Unit
level

= |ntra picture prediction has 35 modes as compared to
9 modes in AVC

48 4 December 2014
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Random Access Point (RAP)

= AVC bit-stream would always start with IDR access
unit: Closed GOP

= HEVC supports Random Access Points.

= Decoders can start decoding from Random Access
Points

= Supports “Open GOP” structure

This feature enables channel switching, seek
operations and dynamic streaming
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I HEVC Parallel Processing: Slices

Slices

* |[ndependently decodable packets
= Sequence of CTUs In raster scan
= Error resilience

= Slice Overlay available

50 4 December 2014 Tektronix@
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I HEVC Parallel Processing: Tiles

Tile B

* Independently decodable rectangle partitions in a picture
= Rectangular region of CTUs

= enable random access to specific regions of a picture

= 1 slice = more tiles, or 1 tile = more slices

= Tile Overlay available
51 4 December 2014 Tektronix@
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I HEVC Parallel Processing : WPP

52

Thread 1
Thread 2
Thread 3

Thread 4

When enabled,

WPP: Wavefront Parallel Proc

FF 7
P
Aa0

Slice is divided in to rows of CTUs

Shaded CTU can start when gray CTUs in row above are finished
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HEVC Bit-stream

= HEVC syntax is inherited from Network Abstraction Layer of AVC
= New design supports Random access and bit-stream splicing

= Temporal sub-layering support

* Video Parameter Set(VPS)

= Reference picture sets and reference picture lists
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HEVC Bistream

|

VPS

54 4 December 2014

Slice Data

l

Picture #k

Slice Data

Picture #1

Slice Data

* * * *

* % % %
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I HEVC Profiles and Levels

= Profile defines collection of coding tools

» Main : 8-bit video in YUV4:2:0 format
» Main 10 : Same as Main with up to 10-bit
» Main Still Picture: same as Main, one picture only

= Level: Constrains decoder processing load and memory
requirements like:

» max sample rate, picture size, bit rate, DPB and CPB size, etc.,

= Tier. New Concept for buffering and bitrate capability

» “Main” tier for most applications
» “High” tier for use in the most demanding applications
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Codec Comparison

Coding Images 1,B,P
Intra prediction DC Only

Transform 8x8 DCT
Entropy Multiple VLC
Coding Tables

Frame 1 pastand 1
Distance for future reference
Prediction frame
Fractional Y5 pixel bilinear
Motion interpolation

&Stlmatlon 4 December 2014

,B,P,SI, SP

Multi-direction, multi-
pattern, 9 intra modes for
4x4, 9 for 8x8, 4 for 16x16

8x8 and 4x4 DCT-like

Integer Transform

CAVLC and CABAC

Up to 16 past and/or future

reference frames,
including long-term
references

Y5 pixel 6-tap filter, ¥4 pixel

linear interpolation

,B,P

35 modes for intra
prediction, 32x32,
16x16, 8x8 and
4x4 prediction size

32x32, 16x16, 8x8
and 4x4 DCT-like
Integer Transform

CABAC

Up to 15 past
and/or future
reference frames,
including long-term
references

Y, pixel 8-tap filter
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More Information

Tektronix
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