IP Networks in
the TV Studio




The IP Studio Project
at BBC R&D



Current TV Studio Technology: Video

SDI (serial digital interface) for raw
video feeds

Coax cables with BNC connectors

Synchronous, circuit switched

* Blanking intervals for
compatibility with CRT
displays
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Current TV Studio Technology: Other Systems

 Digital Audio (AES3 and AESI0)

* Timing and
synchronisation

 Talkback between
locations

* Tally lights

e Teleprompter
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Manual Patching in an OB Van
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Current Studio IP-based Studio

* Expensive specialist hardware Commodity hardware
* Multiple cabling systems * Single multipurpose network
* Formats fixed in hardware * Software defined formats

* New production techniques

* New forms of content

1
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Image Composition at the Studio

Studio Home

iai Combined image
* 5 | Vision ge _

Mixer / -
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Image Composition at the Display

Studio Home

IP streams

L\AA4

www.bbc.co.uk/rd
Search for “forecaster”
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SMPTE 2022-6: SDI video data over UDP

MAC Header UDP Header HBRMT Header
IP Header RTP Header SDI Payload Data
14+ bytes 20+ bytes 8 bytes 12+ bytes - 1376 bytes |:>
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5 networked media
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Recommended Protocols

RFC 768 — User Datagram Protocol

RFC 3550 — RTP: A Transport Protocol for Real-Time
Applications

RFC 4175 — RTP Payload Format for Uncompressed Video

RFC 3190 — RTP Payload Format for 12-bit DAT Audio and
20- and 24-bit Linear Sampled Audio

RFC 4566 — SDP: Session Description Protocol

PTP: Precision Time Protocol

IEEE 1588-2008 — Standard for a Precision Clock
Synchronization Protocol for Networked
Measurement and Control Systems
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Registration & Discovery

]
./P:eplication ‘\r
]

—

Standard :-eeeeees
open APls

Destinations

g

-
 Switch Input 1

-

-
—

LCH GoPro Quad 2

-

LCH GoPra Quad 3
@

LCH View Quad Tom Audio Fix A

Sources
o -
AWB Audio AWB Coded Video

we 4
3
Cloan_Swich In
-
Gioan_Swich Input 2
-
-
4

E
i

3
LCH GoPro Quad 4

Tom Audio Rx B

'I

LCH View Quad 1
-
‘ep-z220-6 RTPRx

Cloan_Swiich input 1 l Clean Clean Cloan_Switch Input 2
- ) -
Gloan_swecn nput 3 ll  LGH 4k Viewer LCH GoPro Quad 1

-
LCH View Quad 2

-
LCH Gaery Lead CS|
o

-
LCH View Quad 3

-
LCH St Player 1 HD

BEEE | Research & Development



Streaming UHD Video
— Uncompressed
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Uncompressed Studio Video
Data format: 10-bit YCbCr 4:2:2 - 20 bits per pixel

HD (high definition):

41.5 Mbits per frame

2M pixels
25 frames / sec =2 1.04 Gbit/s
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Uncompressed Studio Video

Data format: 10-bit YCbCr 4:2:2 - 20 bits per pixel

HD (high definition):

2M pixels

41.5 Mbits per frame
25 frames / sec =2 1.04 Gbit/s

UHD-1 (ultra high definition, 4K):

8M pixels

|66 Mbits per frame

100 frames / sec =2
16.6 Gbit/s
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BBC News Gallery
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UHD-2 (Super Hi-Vision, 8K):

33M pixels

664 Mbits per frame

120 frames / sec = 80 Gbit/s
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UHD Trial at the 2014 Commonwealth Games, Glasgow

. : i - . 2. . a »
jy i ARt M- "0
7 3 ") o r ’ 5
N \ : ?, -
¥ d e 3 1 : ~
. 2 ) . - “ 5
;, n‘ y l‘
H

\! . < 3 L x>

UHD-I @ 50 frames / sec = 8.3 Gbit/s
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Linux Network Stack

Application
data buffer

Application

Socket interface

Socket

TCP/UDP layer buffer

IP / Ethernet layers

Device
buffer

NIC device driver

data (physical addresses)

fe——
Packet sent
on network
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Netmap with Standard NIC Driver

Other applications
and services

Video application

Socket interface

control
TCP/UDP layer

Array of fixed
packet buffers

Index
tables

IP / Ethernet layers

Netmap module

NIC device driver

control data (physical addresses)

Packets sent
on network
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Netmap with Optimised NIC Driver

Other applications
and services

Video application

Socket interface

TCP/UDP layer

Array of fixed
packet buffers

IP / Ethernet layers

Netmap module

NIC device driver

Address
lookup

Packets sent — [
on network (TITTTT AT TITIC T EIEE | Research & Development



NIC Hardware Offloads

——3 | 2 Checksum

Transmit L3 Checksum L4 Checksum L2 Checksum
Offloads
Y | ] ¥
MAC Header IP Header UDP Hdr RTP Header Payload Data // FCS
[
—=> 4 Checksum
Receive > L3 Checksum
Offloads
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NIC Hardware Offloads

L2 Checksum

Transmit L3 Checksum L4 Checksum
Offloads
v | | ¥
MAC Header IP Header UDP Hdr RTP Header Payload Data // FCS
[
—=> L4 Checksum
Receive > L3 Checksum
Offloads

—> L2 Checksum

—=|Dest Port

Source Port

—————>|Dest IP

>|Source IP

Y

Protocol

Ethertype

——> Select RX Queue

RSS Packet Filter
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NIC Hardware Offloads

Packet Spacing
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Bursts of Traffic
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Bursts of Traffic
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Bursts of Traffic
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Packet Pacing

/ Tx rate limited to 3.5 Gbit/s in the NIC
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Packet Pacing
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Limitations

- UDPY TCP X

* Security — app sees all network traffic

o Use separate interface for media streaming

* Monolithic — app builds all headers from L2
upwards
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Limitations

- UDPVY  TCP %

* Security — app sees all network traffic

o Use separate interface for media streaming

* Monolithic — app builds all headers from L2
upwards

But we get 75x increase in network /O
performance using COTS hardware
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CPU Load of RTP Sender Sending UHD-I @ 50Hz
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Thank you




