
4K & HEVC 
PSS Istanbul 2014 



Have you bought your 4K TV yet ? 

2 



What 4K material can you watch ? 

Sony 4K Ultra Media Player 

3 



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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3840x2160 

Image Size Matters 

1920x1080 

1280x720 

720x480 

720x576 
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Image Size Matters, How Many Pixels? 

4 x HD (2048 or 1920x1080) 
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Data Rates 

 SD 270MHz       SMPTE 125 

 HD 1.5Gb/s        SMPTE 292 

 Dual Link      SMPTE 372 

 3Gb/s                 SMPTE 425/424 

 What about 4K? 

 4x HD-SDI 

 4x 3Gb/s SDI 

 Depends on format 

– 422 YCbCr @ 24p = 4x HD-SDI 

– 422 YCbCr @ 60p = 4x 3Gb/s 
7 



Evolution of SDI 

 SMPTE 2048 - 0/1/2 

– 2048 × 1080 and 4096 × 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 
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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) 

 

Data stream one of the virtual interface 

Interface Frequency 148.5MHz or 

148.5/1.001 MHz 

Data stream two of the virtual interface 

Interface Frequency 148.5MHz or 

148.5/1.001 MHz 
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Image Structure Multiplexed 

 Data Stream one and two of the virtual interfaced are 

multiplexed together producing twice the data rate 

 Channel Coding uses NRZI 
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SMPTE 435 

 Support Quad Link 1.5Gb/s  
– 1920x1080 422 YCbCr 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 

System 

System 
Channel 1 

Basic Stream CH1 (Link A) 

Basic Stream CH2 (Link B) 

System 
Channel 2 

Basic Stream CH3 (Link C) 

Basic Stream CH4 (Link D) 
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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 YCbCr 10-bit 23.98, 24, 25, 29.97, 30 P or PsF 

– 4096x2160 444 YCbCr 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 YCbCr 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 YCbCr 12-bit 23.98, 24, 25, 29.97, 30 P or PsF 

– 4096x2160 444 YCbCr 12-bit 23.98, 24, 25, 29.97, 30 P or PsF 

 Almost as many formats as flavors of ice cream. 
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4K Format 

4K Image 

Sub Image 1 

System 2.1 SMPTE434-1 

Basic Stream CH1 (Link A) 

Basic Stream CH2 (Link B) 

Sub Image 2 

System 2.1 SMPTE434-1 

Basic Stream CH3 (Link A) 

Basic Stream CH4 (Link B) 

Sub Image 3 

System 2.1 SMPTE434-1 

Basic Stream CH5 (Link A) 

Basic Stream CH6 (Link B) 

Sub Image 4 

System 2.1 SMPTE434-1 

Basic Stream CH7 (Link A) 

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

 Simple Method 

 Need to ensure correct timing for alignment of Image. 

 Requires large memory to store images. 

 Used within post production and camera application. 
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Sample Interleave 

 More complex multiplex of data 

 Simpler memory configuration and less processing delay 

 Used for transmission and encoding 
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Data Mapping  

 Mode A supports 5 Channels  

– Single Quad Link or Multiple Single & Dual Link 

 

 

 

 

 

 

 

 Channel 1 must be present, others are optional 

 All Signals have same format and frame rate 

16 4 December 2014 



Data Mapping  

 Mode B supports 6 Channels 
– CH 1, 2, 3, 4 HANC Mapping at 2048×1080/23.98P-25P and 1920×1080/23.98P-30P 

– CH 1, 2 HANC Mapping at 2048×1080/29.97P, 30P  

 

 

 

 

 

 

 

 All Signals have same format and frame rate 
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4K Fast Progressive SMPTE 2036 
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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 
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8K Format SMPTE 2036 

Sub  Image 1 

SMPTE 435-1  

System 4.1-4.3 

 System 2.2,2.3, 2.5 Channel 1 

Basic Stream CH1 (Link A) 

Basic Stream CH2 (Link B) 

System 2.2,2.3, 2.5 Channel 2 

Basic Stream CH3 (Link A) 

Basic Stream CH4 (Link B) 

Sub Image 2 

SMPTE 435-1  

System 4.1-4.3 

System 2.2,2.3, 2.5 Channel 3 

Basic Stream CH5 (Link A) 

Basic Stream CH6 (Link B) 

System 2.2,2.3, 2.5 Channel 4 

Basic Stream CH7 (Link A) 

Basic Stream CH8 (Link B) 

Sub Image  3 

SMPTE 435-1  

System 4.1-4.3 

System 2.2,2.3, 2.5 Channel 5 

Basic Stream CH9 (Link A) 

Basic Stream CH10 (Link B) 

System 2.2,2.3, 2.5 Channel 6 

Basic Stream CH11 (Link A) 

Basic Stream CH12(Link B) 

Sub Image 4 

SMPTE 435-1  

System 4.1-4.3 

System 2.2,2.3, 2.5 Channel 7 

Basic Stream CH13 (Link A) 

Basic Stream CH14(Link B) 

System 2.2,2.3, 2.5 Channel 8 

Basic Stream CH15 (Link A) 

Basic Stream CH16 (Link B) 
Line Demultiplexing 

Defined in SMPTE372 
Word Demultiplexing 

Defined in SMPTE372 
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Sample Interleaving of UHDTV2 
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 4 Input Buttons 

illuminated 

 Picture Combined 

 Traces Combined 

 Limited ANC Data 

(CH1 & 2) 

 Limited Embedded 

Audio (CH1 & 2) 

 

4K Monitoring 
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 Max 2 Trace Tiles 

 Combined Picture 

4K Monitoring – 4 Tile 
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 Select Status button 

 Push & Hold Status to 

access menu 

 Select Display Type 

 Select Video Session 

 Use Up/Down Arrows 

to select pages 

 

4K Monitoring – Video Session 
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 Select MEAS button 

 Push & Hold MEAS to 

access menu 

 Select Display Type 

 Select Timing 

 Ensure EXT selected 

4K Monitoring – Timing Display 
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Digital Cliff 

 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 
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Physical Layer Measurement 

 Simultaneous Measurement 

– Timing Jitter 

– Alignment Jitter 

 Jitter Display in 

Two Field Mode 

– Field Disturbance  

 Selectable Filters 

– 10Hz, 100Hz, 

1kHz, 100kHz 

 SDI Status Display 
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Stressing of the Physical Layer 

 Pathological Signal 

– SMPTE RP 178 

– Equalizer Test has maximum DC content 

– Phase Locked Loop Test has maximum low-

frequency content, and minimum number of zero 

crossings 
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Video Session Display 
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Ancillary Data Types 

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

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

 Some interesting types: 
DID SDID Standard Application 

F8h–FFh 

Type 1 

S272 Audio data (SD) 

ECh–EFh S272 Audio control packet (SD) 

E4h–E7h S299 Audio data (HD) 

E0h–E3h S299 Audio control packet (HD) 

F0h 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 4 December 2014 
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Why is ancillary data important? 

 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 
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ITU 709-5 Chromaticity 

CIE x CIE y 

Red 0.640 0.330 

Green 0.300 0.600 

Blue 0.150 0.060 

White 0.3127 0.3290 
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How the Diamond Display is Constructed 
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Blue Gamut Error on the Diamond Display 
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Red Gamut Error on the Diamond Display 
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Green Gamut Error on the Diamond Display 
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Corrected Gamut on the Diamond Display 
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Image with Gamut error in Blacks and RGB Gain 
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Image after Color Correction using Spearhead Display 
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High Efficiency Video Coding 
HEVC 



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 

 Improved compression relative to existing standards 

•  50% bit rate reductions compared to H.264 

•  75% bit 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 
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HEVC Applications 

 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 
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Compression Basics 

 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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Scope of Standard 

 

 

 

 

 

 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 

CTU 
Header 

CU Data CU Hdr *  *  *  * CU Data CU Hdr 

 HEVC Picture is partitioned into 

square coding tree blocks (CTBs). N = 

8,16, 32, 64 

 

 Analogous to AVC Macroblock (16x16) 

 

 CTU: CTBs are divided in to Luma 

CBs and two Chroma CBs 
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Prediction 

 The decision of prediction is made at Coding Unit 

level 

 Intra picture prediction has 35 modes as compared to 

9 modes in AVC 
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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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HEVC Parallel Processing: Slices 

 

 

 

 

 

 

 Independently decodable packets 

 Sequence of CTUs in raster scan 

 Error resilience 

 Slice Overlay available  
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HEVC Parallel Processing: Tiles 

 

 

 

 

 

 

 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 
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HEVC Parallel Processing : WPP 

 

 

 

 

 

 

 

 

 

 When enabled, 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 SPS PPS 
Slice 

Header 
Slice Data 

Picture #1 

*  *  *  * 

Slice 

Header 
Slice Data 

Picture #k 

Slice 

Header 
Slice Data *  *  *  * 
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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 
Component MPEG-2 H.264 HEVC/H.265 

Coding Images I,B,P I,B,P,SI, SP I,B,P 

Intra prediction 

  

 

DC Only   

 

Multi-direction, multi-

pattern, 9 intra modes for 

4x4, 9 for 8x8, 4 for 16x16  

35 modes for intra 

prediction, 32x32, 

16x16, 8x8 and 

4x4 prediction size  

Transform 8x8 DCT  8x8 and 4x4 DCT-like 

Integer Transform   

 

32x32, 16x16, 8x8 

and 4x4 DCT-like 

Integer Transform  

Entropy 

Coding  

Multiple VLC 

Tables 

CAVLC and CABAC CABAC 

Frame 

Distance for 

Prediction   

 

1 past and 1 

future reference 

frame   

 

Up to 16 past and/or future 

reference frames, 

including long-term 

references  

Up to 15 past 

and/or future 

reference frames, 

including long-term 

references  

Fractional 

Motion 

Estimation   

 

½ pixel bilinear 

interpolation   

 

½ pixel 6-tap filter, ¼ pixel 

linear interpolation  

¼ pixel 8-tap filter 
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HEVC Analysis (MTS4EAV7)  
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More Information 

www.tektronix.com/video 
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