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Industry Trends?

The EBU Technical Committee believes that the current focus of the CE industry to provide only
an increased resolution (“4k”) and ignoring other enhancements is not a sufficiently large step
for the introduction of successful new broadcasting services.

The TC believes that the current ‘4K Ultra-HD’ approach of the consumer electronics industry is
unsatisfactory and will be of limited success in broadcasting.

The EBU proposes that an enhanced 1080p format (e.g. higher frame rate, higher dynamic range,
wider colorimetry and advanced sound system audio) be developed for broadcasting.

EBU POLICY STATEMENT ON ULTRA HIGH DEFINITION TELEVISION
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Agenda

« A design approach for implementing 4K video systems
— FPGA clock rate vs. pixel rate
— Processing order
— Connectivity
— Component approach
— Memory bandwidth requirement
— Resource usage

« 4K solution of ALTERA

— VIP(Video and Image processing suite) IP
— Connectivity Solution : DisplayPort, HDMI, Multi-rate SDI

« 12G SDI demo
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4K VIP value proposition: Then, Now, & Future
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FPGA clock rate vs. pixel rate (1)

Pixel 1 Pixel 2

Pixel rate (in millions of pixels per second) for various video formats

) —— c,.
(v ]e] v EB [

PAL/NTSC

© 2015 Altera Corporation—Public

|

4500
4000
3500
3000
2500
2000
1500
1000
500
0

Pixel Rate (MPPS)

1 1 T T T T 1
PAL NTSC 720p60 1080p60 4K60  4K120  8K60  8K120

ixel 1

o

HD (1080p60)

Pixel 2

Pixel 1 /———

Pixel 2 — -

UHD (4Kp30)




6

FPGA clock rate vs. pixel rate (2)

Pixel Rate = P * Clock Rate
Equation 1: Pixel rate versus clock rate (P is the pixel parallization factor)
For SD, video P < 1; for HD video P = 1; and for 4K and higher P>1.

_ P=1 pixel per clock P=2 pixel per clock P=4 pixel per clock

@ 148.5 MHz 1080p60 4Kp30 4Kp60

@ 297 MHz 4Kp30 4Kp60 4Kp120

FPGA clock rate (MHz) for varying video format and P

Arria 10 rated at 500MHz+ core performance
Room for parallel pixel processing to keep Fmax low

A10 can support 4Kp60/120 applications with margin
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What processing order to use?

(TTT]
1 2

—» PUl > 3 4

12 3 4
L e s [1[2]3]4]

Pixels in +> +> Pixels out 1) Super-sample raster 2) Quadrant based
4 — 5 pU3 > 4 4
'3
2
> PU4 > 1 3 4 1
Subdivide the problem: parallel processing
3) Stripe based 4) Frame based

Processing Order

Order Latenc complexit complexit

Super-sample None High Low
raster

Quadrant based 1 frame Med Low
Stripe based 1line Low-Med Low
Frame based 4 frames Low Med

Processing Order: trade-offs
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Colour space conversion
Clipping, Mixing

4:4:4 <-> 4:2:2 convert
Studio monitor

Scaling
Noise reduction (MATF)
Multi-Processor




Introducing “video processing channel”

Generic video processing channel

Video processing
chain
(Format conversion,
mixers etc...)

Connectivity
— > Input(s) —
(E.g. SDI, DP, HDMI)

Connectivity
—> Output(s) —
(E.g. SDI, DP, HDMI)

Input (E.g. from
studio mixer)

Output (E.g. to
studio monitor)

m Representative video processing channel
]
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v
v v v \Mﬁ,
DisplayPort Clocked Noise . Frame . Clocked DisplayPort
—> —»! —> —» —» —> > —> —>
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Connectivity (1)
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[

v
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Serial (transceiver) input
Clocked video bus
Streaming video bus

Memory mapped data bus

Memory mapped control bus

DisplayPort Clocked
1.2 (RX) Video Input

Noise
Reduction

Deinterlacer —#» Scaler

—

Frame
Buffer
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Miner Video Output

DisplayPort
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Y
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Sample video processing chain (highlighting the different interconnect types)

Typical clock | Typical Data | Flow control
rate(MHz Wldth su port

Serial
(transceiver) input
Clocked video bus

Streaming video
bus

Memory mapped
data bus
Memory mapped
control bus

1000 - 12000

150-300 MHz

150-300 MHz

200MHz

100MHz

transcelvers
1-4* pixels x
20 bits/pixel
1-4* pixels x
20 bits/pixel
128-256 bits

32 bits

No

Yes

Yes

Yes

Factors Determining

Data Width Scaling
Protocol

Pixel Rate

FPGA clock rate

Pixel Rate

FPGA clock rate
Memory interface width
Memory clock rate
Required control
bandwidth

Summary of interconnects commonly found in video processing systems
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Connectivity (2)

Ethernet

— Compressed (J2K, other) or uncompressed
® Compression = higher latency (order 1 frame)

m SDI
— Up to 3G rate standardised today

— 12G technology demo by Altera and Tl at IBC 2013

m HDMI/ DisplayPort
— No standards to support beyond 4K60

Format | Pixel HDMI Ethernet | Ethernet
Rate (raw) (J 2K/other)

1080p 3G SDI
4K30  6G 2x 3G, 1x6G 1.4 1.2
4K60  12G  4x3G,1x12G 2.0 1.2
4K120 24G  2x12G, 1x 24G ? ?

Connectivity versus Pixel Rate
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Component approach

Motivations

— Scalable library of IP functions
— Run-time configurability

— Compile-time configurability

m Features
— Shared common components
— Separate control
® Inter line (scheduler)
® Intra line (algorithmic core)
— Support prototype designs
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Example 1: HD Scaler

DIN i Bridge

Video Input

Packet
Duplicator

A

Line Buffer

A 4

Scaler Core

Y

Packet
Mux

Scheduler (state machine)

L L

1

Bridge

Video Output

3 A

A 4

Scaler Kernel
Creator

Control Slave

Avalon-ST Video

Avalon-MM

Avalon-ST Message (data)
Avalon-ST Message (command)

Avalon-ST Message (response)
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Example 2: 4K scaler

DIN
|
Video
d Input
< - Bridge
Scaler Kernel g
Creator =
»
> Packet Duplicator
Clipper Clipper Clipper Clipper
Core Core Core Core
Line Line Line Line
— — — >
Buffer Buffer Buffer Buffer
Scheduler | ‘ ‘ ‘ ‘
(State Packet Scaler Scaler Scaler »| Scaler
Machine) > switch Core Core Core Core
5 | | |
Clipper Clipper Clipper Clipper
\ 4 Core Core Core Core
Control Line Line Line Line
CONTROL = » Slave Buffer Buffer Buffer Buffer
> Packet Multiplexer
Video
»
7| Output
Bridge
\
DOUT
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Memory Bandwidth Requirement

Memory Theoretical Peak 4K60 frame 8K60 frame 4K60 video 8K60 video
Configuration Bandwidth (Gbps) | buffers buffers channels channel

32-bitDDR3 @ 21.3

333MHz
64-bit DDR3 @ 85.4 4 1 1(4,2) 0 (1,0)
667MHz
32-bitDDR4 @ 85.3 4 1 1(4,2) 0 (1,0)
1333MHz
64-bit DDR4 @ 170.6 8 2 2 (8,4) 0(2,1)
1333MHz
Theoretical peak bandwidth for example memory configurations
Bracketed numbers are for (up, down) scale operations — i.e. nhon-worst case
Memory
Controller
) * ; i 0sb | )
oM o Viden ot || Redueion | ¥ Deinterlacer >/ Scaler s LS Miver e et e

v

NIOS Il
(Controller)

Typical video processing channel (with blocks requiring
off-chip memory access highlighted)
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m Up-scaling requirements (Lanczos-2 algorithm)

15

4K Scaler: Line Buffer and Multiplier Requirements

Downscaling requirements (Lanczos-2 algorithm)

4K >HD | 8K ->HD | 4K ->PAL | 8K ->PAL

Downscale H (Lanczos 2)
Downscale V (Lanczos 2)

8
8
Max H downscale ratio 2
2

Max V downscale ratio
Line buffers 7

Multipliers per colour plane 16

Buffer and Mutliplier requirements for differing down scaling ratios

— 8 horizontal and vertical filter taps

— Equals: 7 line buffers and 16 multipliers per colour plane

© 2015 Altera Corpeoration—Public
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System resource usage (e.g. Arria 10)

Using complete 1080p60 pipeline as reference
— Including SDI, EMIF, deinterlacing, etc.

m Arria 10 example devices
— GX160 = 1-ch SD-to-4Kp30 format conversion
— GX320 = 1-ch SD-t0-4Kp60 @ 148.5MHz pixel clock
— GX660 = 1-ch SD-t0-8Kp60 @ 297MHz pixel clock
— GX1150 = 1-ch SD-to-8Kp60 @ 148.5MHz pixel clock

' |1080p60 4K p60 Max on Arria 10

Logic Elements 75k 300k 1150k
Block RAM 283 (M10K) 566 (M20K) 2713 (M20K)
18-bit Multipliers 98 392 3036

Smallest A10 can support basic 4K functions

16 © 2015 Altera Corporation—Public Nﬂm .




Video Image Processing (VIP) Suite

Alpha

BT656/1120 Chroma blending mixer|  switch

NP resampler
Avalon ST video

Color plane 2D FIR filter
sequencer

Gamma
correction

Deinterlacer /
Deinterlacer Il
Broadcast Dil

Ilzrame buf:;er / 2D median filte
Scaler / rame reader Interlacer

Scaler Il
Image clipper Color space :
ge clipp converter Avalon ST video
Video Trace N
Monitor

Control Sync Test pattern | B 1096/1120
generator
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Current status of VIP IP

UHD/4K support IP Feature Comments

Avalon-ST video Monitor
Test Pattern Generator |
Color Space Converter Il
Clipper 1l

Clocked Video Input Il
Clocked Video Output I

Switch Il

Frame Buffer Il

Broadcast Deinterlacer

Chroma Resampler |l

Scaler Il

Color Plane Sequencer
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Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

ACDS 14.1
ACDS 14.1
ACDS 14.1
ACDS 14.1
ACDS 14.1
ACDS 14.1

ACDS 14.1

ACDS 14.1 limited
ACDS 15.0 release

ACDS 15.0

ACDS 15.0
ACDS 15.0

ACDS 15.1




Open, Low-overhead Interface Standard:
Avalon Streaming (ST) Video

Video Function 1 Al ST Video Function 2

Avalon MM Control Plane
Avalon MM
Master Port

Open interface protocol for
streaming video data paths and
memory-mapped control paths




Video Trace Monitor

Av-ST Av-ST
5 i : 3 i Vid
Video IP S VA vdeo s, AV-ST Video | Video . Sy
Monitor Monitor

Capture

. . Capture
Monitor Capture and Control ports connected to host via Control Control

Trace System and debug pipe
- Control port enables configuration from System Console
- Captured data output via capture port

Trace System

Debug pipe
-JTAG or USB

Productivity Tool
for Video Debug
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Video Trace Monitor — Trace Table View

Live trace of selectable
video control and data

[ P
W sy Console- Tece e [y (NNERE G- S 6S B “-iusnls SFSDADDS S4 Y - Kk
File Tools Help paC ets
System Explrer o | [ TraceTable 01X |
o
19 connections # % B 1 | RegexFier XN
je"“’“ Monitor Time (&) Delta (ns) Info
) des‘g“ - trace_system 0_tracesys.c... 172.111434115 016,663,174 Video Control, 1024x768, Progressive p
& ES‘QQ*‘"S nees trace_system 0_tracesys.c... 172:111434875 000,000,760  Video Data, Size:786433
s 5T trace_system 0_tracesys.c...172.125098049 016,663,174 Video Control, 1024768, Progressive |
trace_system 0_traceays.c... 172.128038809 000,000,760 Video Data, Size:726433
trace_system _tracesya.c... 172144761982 016,663,174 Video Contrel, 1024x768, Progressive
trace system 0 peacesys.c... 172.144762742 000,000,760 Video Data, Size:786333
trace system D tracesys.c... 172.161425316 016,663,174 Video Control, 1024x768, Progressive
trace_system 0_tracesys.c... 172.161426676 000,000,760 Video Data, Size:786333
trae system 0_tracesys.c... 172.178089849 016,663,174 Video Control, 1024x768, Progresaive
face_system 0_tracesys.c... 172.178030609 000,000,760 Video Data, Size:726433
! trace system 0 tracesys.c... 172.194753783 016,663,174  Video Control, 1024x768, Progressive
I trace system 0 tracesys.c... 172.194754582 000,000,760 Data, Size:786433
trace_system 0_tracesys.c... 172.211417716 016,663,174 Video Control, 1024x768, Progressive =
G|Oba| tlmeStam trace system 0 ¢ .. 172.211418476 000,000,760 Video Data, Size:786433 =
p Video data Video data
. . i-Packet size 726,433 il
with interleaved © viden pixel dara
H L)
p Y | vuse e somsnptes sonce i Multi-level view
H v
I -Captured pixels 42.7%, 335806/786432 pixels 'd I
ropm Av-ST Video protoco
"Pixels 335,806
Total pixels 786,432 .
, * Video dat
Packet heade: size 1 Ideo aata
E-Controls . .
st pixers s smace packet information
Statistics 786433 beats, 47% utilisation, 0% backpressure
Data transfer cycles 786,233
i~Ready and not valid cycles (sink waiting) €20 I D t ﬂ t t t
Mou ready and valid cycles (backpressure) O ata rlow statistics
I Yot ready and not valid cycles 878,877
I -Inter packet valid cycles (backpressure) [ I ° A _ST t d d
"Inter packet ready cycles 64 \Y Standar
| Data Il
to1 02000000
| [$3] 0x101010
el 02101010
131 2101010
141 0x101010 R k t d t
| o o aw packet data
U first 6 b f
p to first eats o
q i ] ’ .
— 7 [Tacomms data in packet
gk Createdlink from (ink)/JTAG/{110:132 v1 #0)/trace_system _0_link. hatfchannel_2 to (fles)fvip_top.apfsystem.sopdi... « * To run JIAG loopback tests to amalyze board nolss problems 0
@ Created ink from (ink/JTAGH(L10:132 v1 #0)firace_system_0_link h2tfirace_system_0_fabrich2t Dftrace to (Fes)/.. * To shife abitzeny lnstraccion reglater and dats register values o
4§ Created link from (ink)/JTAG/(110: 132 v1 #0)trace_system_0_link.h2tftrace_system_0_fabric.h2t_0ftrace system_... instanciaced systen level debug (S1D) nodes
G Crested link from (ink)/JTAG/(110:132 v1 #0)/race_system_0_lirk.h2¢/lrace_system_0_fabric.h2t Dftrace _system_
In addition, the directory <QuartusII Dir>/sopc builder/system console macros
4 Created link from (ink)/JTAG/(110:132 v1 #0)/irace_system_0_link.h2t/trace_system_0_fabric.h2t_Dftrace_system ... - b . <
contains Tcl files that provide miscellaneous utilities and examples of how to
G Created ink from (ink)/JTAG/(L10: 132 v1 20)/trace_system_0_link.n2t/trace_system_0_fabric.h2t Dftrace _system_ -
access the functionality provided. You can include those macros in your
G Created ik from (ink)/JTAG/(110: 132 v1 #0)/race_system_0_link.n2t/trace_system_0_fabric.h2t_D/trace system eripes by fesuing Tel source commands
(@ Finished discovering USB connections L
| @ Initislization tasks complete for SystemConsoleEventThread 3
(@ Executing startup script D: P \12.0\b 122\ \sopc_t \system_console_r _consol... ~|||g =
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Connectivity Solution of Altera (1)

« DisplayPort

DisplayPort 1.1
DisplayPort 1.1
DisplayPort 1.2
DisplayPort 1.2
DisplayPort 1.2

Arria 'V , Stratix V, Arria 10

Arria Vv , Stratix V, Arria 10 , Cyclone V GT

DisplayPort 1.3 Arria 10
HDMI RX
{Altera s Vi »{ Clipper Il Frame
Megacore IP) Buffer Il
DisplayPort RX
(Altera o cvii »| Clipper Il || frame
Megacore IP) Buffer Il

h 4

Mixer Il
(with
inbuilt

test

HDMI source (4K30)
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X NP
DP 1.2 source (4K60)

s

> pattern)

Device support Additions ACDS example design

Arria V , Stratix V
Arria V , Stratix V , Cyclone V
Arria V , Stratix V

ACDS 14.0
ACDS 14.1
ACDS 14.1
ACDS 15.0
ACDS 15.1
ACDS 15.1

cvoll

DisplayPort TX
(Altera

Megacaore IP)

DP 1.2 output (4K60)




« HDMI
Device support Additions ACDS example design

Arria V , Stratix V
Arria V , Stratix V , Arria 10
Arria V , Stratix V , Arria 10

HDMI 1.4
HDMI 2.0

HDMI 2.0
Dual viewing add

Connectivity Solution of Altera (2)

HDMI d | B'cast | | Frame
RX - Buffer Il
DisplayPort RX Frame
(Altera cvii » Buffer Il
Megacore IP) pkak

© 2015 Altera Corporation—Public

HDMI source
(4K60 or SD/1080i)

. _uL....-_S.z;L_..{I
DP 1.2 source (4K60)

ACDS 14.1
ACDS 15.0
ACDS 15.1

DisplayPort TX




Connectivity Solution of Altera (3)

« SDI I
Multi-rate SDI Stratix V ACDS 14.1
(EA version)
Multi-rate 12G SDI Il Stratix V, Arria 10 ACDS 15.0

« Multi-rate 12G SDI |

x20 Data Streams Used User Interface Width

SD (270Mbps) 1 20
HD (1.485 / 1.4835Gbps) 1 20
3G (2.97 / 2.967Gbps) 1 20
6G (5.94 / 5.934Gbps) 2 40
12G (11.88 / 11.868Gbps) 4 80
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Multi-rate 12G SDI demo (1)

« Transmitter

TX Protocol TX PHY Transceiver
VideoPattem | 20 Insert Line Number, | 20 Management
Generator CRC, Payload ID
Video Pattern | 20 | | Insert Line Number, | 20 spl
Generator CRC, Payload ID —> maa:‘l - 20.8:0. 20;;;& - w0 Out
7 Sync Bit R Scrambler Oversample v ’
Video Pattern | 20 Insert Line Number, | 20
Generator CRC, Payload 1D 7
VideoPattem | 20 | | Insest Line Numbe, LLYAN
Generator CRC, Payload ID 7
ol RX Protocol RY PHY Transceiver
Out [ S EO: wewy | 20| ™ g:l.onpback ﬁﬁ Extract Line Humber, | 20, Management
Nl Management Protocol Path (RC, PayloadID |~/
Detect Video
ol
Out o meewy |20 | 20 |oopback|| 20 || ExtractLine Humbes, | (20,-{ 20 0, o, || 0, -
qTansceiver (el € proocl €5 Patr [0 ]| CRC Payload <1 g - 3- ;?; - ‘;— n
< pd P -
3?:1 20| TepHy |20 20 |loopback| 20 || Extract Line Number, lmﬁ Higner [ e mple |- N
. [} 1 ad ing A
| Transceiver Management Protocol‘7'4 Path [© CRC, Payload ID
<Dl Transceiver
f'"l {20 ey [ 20] 1 | 20 |lospback|| 20 || ExtractLine Numbes, | 20 c“:":l::"
Transceiver | 4> Managernent'/- Protocol (<] Path [T CRC, Payload 1D Z l
Retransmit ?
Transceiver
P Reconfig
Controller
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Multi-rate 12G SDI demo (2)

Stratix V Sl Kit

Q
§ \

O

s.A J
[}
-~
)
~

sl o) e L o
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4x 3G SDI

through
SMA

)

3G SDI
to
HDMI

HDMI

AN

12G SDI
through
SMA

12G SDI

vV

CD EVM through
BNC




Multi-rate 12G SDI demo (2)

4x 3G SDI
through
SMA 3G SDI HDMI
to —
Stratix V SI Kit 3| wom

| . e s

g

: :

OGrrm ~
- W
: 'f:‘
: o 12G SDI
X0 _awem through
Y ot SMA

BlackMagic
12G SDI UHD Monitor

vV
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Thank You
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