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Some of the first IP-based facilities 

BBC 
Cardiff

CBC 
Montréal

SRF 
Zürich
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Many manufacturers…

- Live Routing from Grass Valley = Cisco Switches & GV Nodes

- Comms System from Riedel = Artist 128

- TV Production Switches from SAM (GV) = Kahuna

- TV Audio Desks from Calrec = Artemis

- TV Playout from SAM (GV) = Ice & Morpheus

- Studio Cameras from Sony = HDC 4300 & P43

- Radio Studio Desks from DHD = 52 Series

- Radio Drama Desk from SSL = System T

- Graphics = Viz

- Editing = Avid & Adobe

- Replay = EVS

- Systems Integrator = dB Broadcast



Research & Development

Systems integration is changing…

SDI and friends IP and software
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Technical challenges for migration
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Models for networked media architecture…

JT-NM Reference 
Architecture

EBU Technology 
Pyramid

AMWA Networked Media 
Systems Template

tech.ebu.ch/pyramid
static.amwa.tv/

networked-media-systems-
big-picture-2021-03-05.pdf

www.jt-nm.org/reference-architecture

https://tech.ebu.ch/pyramid
https://static.amwa.tv/networked-media-systems-big-picture-2021-03-05.pdf
http://www.jt-nm.org/reference-architecture
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SMPTE RTP Transport Standards

ST 2022 series

SDI-originated multiplexed streams
- MPEG-TS: 2022-1/2/3/4
- Uncompressed: 2022-5/6/7

Suited to point-to-point links
- Where V+A+D stay together

ST 2110 series

Separate elemental streams
- Video (-2x)
- Audio  (-3x)
- Data (-4x)

Suited to production facilities
- Can be routed individually
- Receivers just get what they need
- Typically multicast

www.smpte.org/standards/overview

http://www.smpte.org/standards/overview
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SMPTE IP Transport Timing Standards

PTP clock replaces traditional video reference signal
- ST 2059-1 defines video alignment point 
- ST 2059-2 defines SMPTE PTP profile
- ST 2110-10 defines timing model
- ST 2110-21 defines constraints on video sender
- when senders should put bits onto network

Not very virtualisation/cloud friendly?
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Compressed video

Uncompressed UHD/4K and beyond uses a lot of bandwidth
- Latency requirements make “mezzanine” compression desirable in many scenarios

ST 2110-22 allows mezzanine video codecs within a 2110 environment

JPEG-XS (ISO/IEC 21122) is currently receiving most attention

VC-2 (ST 2042-1) is BBC’s patent and royalty-free codec

HTJ2K is a promising high-throughput variant of JPEG 2000

Newtek NDI (Network Device Interface) is a popular proprietary approach

“Beyond mezzanine” there are many scenarios and many options!
- HEVC/H.265 are becoming commonplace
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IPMX: ST 2110 for Pro-AV applications

Low latency IP streaming aimed at education, conferencing, digital 
signage, unified communications and similar markets

- ST 2110 with mezzanine compression (JPEG XS)

- Simpler timing model 

- PTP but doesn’t assume boundary clock capable switches

- IP carriage of EDID information

- HDCP content protection

Other Pro-AV streaming technologies include HDBaseT and SDVoE

ipmx.io

hdbaset.org

sdvoe.org

https://ipmx.io/
https://hdbaset.org/
https://sdvoe.org/
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Don’t forget the audio!

After years of competing proprietary approaches, Audinate’s Dante is now widely 
adopted for audio-over-IP

…but…

AES-67 provides a standards-based approach that 
- Is compatible with ST 2110 (if configured correctly!)
- Can interwork with Dante
- Is looking beyond the LAN aes.org

https://www.aes.org/
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Wide-area streaming

Beyond the facility, techniques such as FEC, ARQ and bonding become relevant

Proprietary solutions such as Zixi are commonly used today

Haivision’s SRT has an open-source implementation and becoming well-adopted
- Often used with local NDI setup for a low-cost studio setup
- Promoted by SRT Alliance

VSF’s RIST (TR-06) is an open specification that is capable of great flexibility 
- Support growing though not as widespread as SRT
- Promoted by RIST Forum

Longer term we may see next-generation approaches from IETF, W3C, etc.
rist.tv

srtalliance.org

https://www.rist.tv/
https://www.srtalliance.org/
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Control in Live IP Media Systems

Has not changed much yet
- Multiple proprietary control interfaces
- Specialised control systems
- Significant expertise and overhead of integration
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Advanced Media Workflow Association
Networked Media Open Specifications

- Specifications for discovering, connecting and managing resources

- Web-friendly: JSON, REST HTTP, WebSockets, message queues…

- Used with 2110/IPMX but format-agnostic

specs.amwa.tv/nmos

www.amwa.tv/nmos-overview

https://specs.amwa.tv/nmos
https://www.amwa.tv/nmos-overview
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NMOS IS-04 and IS-05
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5G-RECORDS and NMOS

5G NPN
Media Network

ST 2110
Media Network
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5g-records.eu/

https://www.5g-records.eu/
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VSF 2110-WAN Project

IS-04
Registry

IS-04
Registry

Devices
DevicesST 2110

Devices

Devices
DevicesST 2110

Devices

WAN

vsf.tv

https://vsf.tv/
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Device Control

There are many protocols to choose from, depending what you want to do. Some examples:

- Ember+ (developed by LAWO) is supported by several video/audio manufacturers

- OCA / AES-70 (developed by Bosch) is supported by several audio manufacturers

- VISCA (developed by Sony) is a serial camera control protocol, adapted to IP

- ONVIF is popular for security camera control

- NDI provides a PTZ camera control API

There are many more proprietary protocols

- … although market consolidation may make things simpler?

AMWA and 5G-RECORDS are investigating options for device control
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Network Control in IP facilities

Simplest approach: over-provisioning!

In practice: 

- Control flows through IP Core based on available and 
required bandwidth

- SDN protocols such as Netconf and OpenFlow are useful

(AMWA’s IS-06 proposed a common API, but poorly supported)

5G-RECORDS is looking at NEF and PCF for similar functions

Network Controller

Control Application

IP 
Core
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Security

The traditional approach…
- Lock apparatus rooms
- Airgap any networks
- SDI and friends don’t have viruses

…no longer applies

ST 2110 does not secure media flow
- So securing the control plane is essential!
- NMOS supports encrypt and authorisation of APIs

SRT and RIST support encryption and authorisation

tech.ebu.ch/publications/r148 tech.ebu.ch/publications/r143

specs.amwa.tv/bcp-003

https://tech.ebu.ch/publications/r148
https://tech.ebu.ch/publications/r143
https://specs.amwa.tv/bcp-003/
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We’ll require it 
when vendors 

start supporting it

We’ll support it 
when users start 

requiring it
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Making life easier…

Technical Recommendations 
for use of specifications

Test Tools

Implementation Guides Open Source Implementations

jt-nm.org/tr-1001-1

tech.ebu.ch/list specs.amwa.tv/nmos-testing

specs.amwa.tv/info-002 github.com/rhastie/easy-nmos/

https://www.jt-nm.org/tr-1001-1
https://tech.ebu.ch/list
https://specs.amwa.tv/nmos-testing/
https://specs.amwa.tv/info-002/
https://github.com/rhastie/easy-nmos/
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JT-NM Tested

- Industry test programme for ST 2110, 
NMOS and TR-1001-1

- Physical, remote and self-testing

- Catalogue of tested devices

www.jt-nm.org/jt-nm-tested

https://www.jt-nm.org/jt-nm-tested
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Communities
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Flexible, lightweight production infrastructure

Pandemic has helped accelerate move towards:

- Flexible spaces with lightweight software-based tools

- Pragmatic decisions on technology (NDI, SRT)
- Cloud-based back-end

This is influencing new offerings from the “big players”
- e.g. Grass Valley Agile Media Processing Platform

RTBF Control Room 42

vMix
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More clouds…

Technology stacks used in clouds are becoming more capable of supporting 
mid-to-high end live media require
- Kernel bypass and SR-IOV technologies
- AWS’s Cloud Digital Interface provides a high-throughput, low(-ish) latency 

interface between compute instances
- Availability on-premises Azure Stack, Google Anthos, AWS Outpost 
- BBC R&D building on-premises clouds with OpenStack

EBU is developing requirement and proofs of concept 

VSF: Ground-Cloud-Cloud-Ground looking at what recommendations
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Automation

Essential to realise benefits of Live IP 

Move away from fixed functions to reconfigurable facilities

Free staff from tedious and error-prone manual activity to 
concentrate on creative aspects 

Learn from wider IT industry
- CI/CD and DevOps methodologies

EBU Automation & Provisioning project

tech.ebu.ch/publications/tr055

https://tech.ebu.ch/publications/tr055
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Thank You
peter.brightwell@bbc.co.uk
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