
Object-Based Audio 
The future of broadcast ?

Chris Baume 
BBC Research and Development

Obje

c
t-

B
a
s
e
d
 B

roadcastin
g

Accessible

Personalised

Immersive

Interactive

Conventional Broadcasting

Object-Based Broadcasting

Further Information:
M. Armstrong, M. Brooks, A. Churnside, M. Evans F. Melchior, M. Shotton  Object-based broadcasting – curation, responsiveness and user experience,

Proceedings of IBC2014, Amsterdam, September 2014

The term ‘object-based media’ has become 

commonly used to describe the representation

of media content by a set of  individual assets 

together with metadata describing their

relationships and associations. 

At the point of consumption these objects can 

be assembled to create an overall user experience. 

The precise combination of objects can be 

flexible,and responsive to user, environmental 
and platform specific factors.

Compared to a traditional broadcasting approach an 

object-based approach can serve end users more 

effectively; by optimising the experience to best suit 

their access requirements,the characteristics of 

their playback platform or personal preferences
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• Responsive audio experiences

• Immersive audio experiences

• Quality of experience in audio

• Future formats and technology fundamentals

• Semantic audio based production and consumption

Key Research Areas
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What is 
Object-Based Broadcasting?
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The programme is 
made in the 
traditional way.

The programme is 
turned into a piece 
of linear media.

This is broadcast 
to everyone.

The same content is played back 
on all devices, resulting in 
compromises on some devices.
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The programme is 
made in the 
traditional way.

The programme is 
turned into a 
collection of media 
objects with 
metadata to 
describe how it 
should be 
assembled.

The device 
assembles the 
media object 
according to 
the metadata.

The objects can be assembled 
differently optimising the 
experience depending on local 
factors relating to the device, 
environment and viewer.

Object-Based Broadcasting (OBB)
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Content production for OBB

Process of creating content objects suitable for 
meaningful combination in multiple ways. Individual 
pieces of audio or video form objects when bound 
with metadata specifying the relationships between 
them, and with the overall user experience.
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Why 
Object-Based Broadcasting?
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Accessible experiences

Immersive experiences

Personalised experiences

Interactive experiences

New content experiences:
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Applications of 
Object-Based Broadcasting
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Accessibility is a key driver for 
Object-Based Broadcasting.  A 
fully object based approach 
enables the AV content to be 
tailored to an individual's needs, 
for example providing variable 
sound mixes.
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How people used it 
 
This heat map shows 
where listeners chose to 
leave the controls for 
crowd and commentary. 
 
Listeners tended to set 
their preferred audio mix 
and leave it for the rest 
of their experience. The graph below shows that listeners 
joining the broadcast caused spikes in activity, not events 
on air. 

The Broadcast Chain: IP end-to-end 

Object-based audio  
 
 Object-based approach to 

broadcasting closely follows 
responsive web design. 

 The content responds      
dynamically to input and       
interaction from the consumer.  

 Broadcasters produce a set of 
common assets (text, pictures, 
sound and video) together with 
metadata to determine how 
these assets are rendered in 
response to the type of device 
asking to present them.  

 

Object-Based Audio: The 5 live Football Experiment  
Mark Mann,  Anthony Churnside, Andrew Bonney, Frank Melchior 

Aims 
 
 Choose location of microphones 

in stadium to minimise swearing. 
 Determine public demand for 

such a service. 
 Develop a prototype HTML5   

audio player which can play  
multiple audio sources. 

 Gather data and feedback on 
the player’s user interface. 

 To determine limitations for    
outside broadcast. 

 To verify the requirements for 
scale up and infrastructure. 

 

Acknowledgements to: 
BBC Radio 5 live, BBC Outside Broadcasts, Matt Paradis, 
Sam Chadwick and Jasmine Cox of BBC R&D and Andy 
Armstrong of Hexten for their help and support in realising 
this project.  
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55%
22%

9%
5%

8%

Much better
Slightly better
About the same
Slightly worse
Much worse

How would you rate the experience 
compared to traditional radio broadcast?

BBC White Paper WHP272: 
Object-Based Audio Applied 

to Football Broadcasts -The 5 
live Football Experiment
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Object-based audio content 
enables a future proof 
representation of content 
which can be rendered in 
various reproduction 
scenarios based on a single 
representation.
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New headphone experience 
can be enabled by object-
based representations and 
binaural post-processing or 
dedicated mixing for 
headphones.
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New headphone experience 
can be enabled by object-
based representations and 
binaural post-processing or 
dedicated mixing for 
headphones.
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MADI

OpenSoundControl

Tracking

Audio
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Audience Feedback 

User experiences - Binaural Audio

Survey about the binaural radio 
drama Tommies. 430 replies 
from 78 users.
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Survey about the binaural radio 
drama Tommies. 430 replies 
from 78 users.

Can you hear a difference ? 

400

200

0

No Yes
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Survey about the binaural radio 
drama Tommies. 430 replies 
from 78 users.

What is your preference ? 

Stereo Binaural

100
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“In A the engine was constrained inside my head, in B it was clearly outside.”

“Always sounded like stuff was happening behind me. I definitely had L and R the right way around! Very good 
experiment.  More of these productions please.”

“I would probably listen to more radio drama after hearing these clips, Over head and behind fine. Front 
sounds "appear" tilted up and above slightly, The difference is stunning and I can now understand why it's 
called 3d sound.”

“I would listen to more dramas broadcast in this manner should they become available.”

“I thought it was absolutely captivating. The spatial feeling suited the programme perfectly and it was 
a real treat.”
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Object-Based Broadcasting 
allows to create interactive 
experiences for our audiences. 
It would give audiences greater 
control over the video, audio 
and on-screen-graphics that 
comprise the coverage of 
these programmes.
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What	  people	  like:	  Seeing	  and	  hearing	  the	  crowd	  in	  the	  view,	  the	  fixed	  camera	  point	  of	  view,	  view	  of	  a	  
crowd	  member,	  giving	  the	  viewer	  a	  ‘loca4on’	  in	  the	  venue,	  choice	  and	  control	  over	  what	  to	  watch,	  
Seeing	  everything	  unfold	  live	  as	  it	  happens,	  intui;ve	  naviga4on	  of	  spa4ally	  organised	  content,	  access	  
to	  lots	  of	  different	  content	  all	  in	  one	  place,	  simplicity	  of	  the	  interface.	  

“I	  think	  It’s	  brilliant	  actually,	  like	  you’re	  si5ng	  right	  there”	  (female,	  54)	  

“I	  like	  it	  because	  you’re	  in	  control	  of	  what	  you	  want	  to	  see”	  (female,	  43)	  

“It’s	  quite	  quick	  and	  immediate	  to	  be	  able	  to	  find	  that	  informaCon…quite	  straighEorward,	  
intuiCve,	  set-‐out,	  nothing	  too	  complicated”	  (male,	  22)	  
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Object-Based Broadcasting  

User experiences - Personalised
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Responsive Radio
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• Enable dialog enhancement

• Adjust your Foreground/
Background balance

• Pause function with 
background music



• Requires distribution and rendering technology to reach listeners 

• Systems for efficient delivery of immersive and interactive audio are emerging 

• User experience requirements should inform system design (including meta-data models)  

• Web technology is very useful for prototyping user experiences
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[1] Riedmiller et al. “Immersive & Personalized Audio: A Practical System for Enabling Interchange, Distribution & Delivery of Next 
Generation Audio Experiences”  SMPTE 2014 Annual Technical Conference and Exhibition, Hollywood, USA. October 2014. 

[2] Füg et al. “Design, Coding and Processing of Meta-Data for Object-Based Interactive Audio”  
AES Convention 137, Los Angeles, USA. October 2014.

Delivery / Implementation 

Responsive Radio



• A high-level JavaScript API for processing and synthesizing audio in 
web applications 

• Working draft supported in Chrome and Firefox  

• Many web applications already exist
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W3C Web Audio API http://www.w3.org/TR/webaudio/

Delivery / Implementation 

Web Audio API

http://www.w3.org/TR/webaudio/
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http://webaudio.prototyping.bbc.co.uk/  
http://webaudiodemos.appspot.com

Delivery / Implementation 

Web Audio API



  
• gain, delay, mixing, filtering,
• multichannel input and output,
• inputs: real-time input, file decoding, <audio> tag,
• channel splitting and merging,
• compression,
• convolution engine,
• 3D source-listener model with HRTF panning, 
• custom audio worker nodes.
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W3C Web Audio API http://www.w3.org/TR/webaudio/

Delivery / Implementation 
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Delivery / Implementation 

ADM Web Player

Chris Pike, Peter Taylor, Frank Melchior, Delivering Object-Based 
3D Audio using The Web Audio API, presented at the WebAudio 
Conference 2015
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4Programme  
Sound

RMS 1770

Threshold Ratio

-
1770

Gain

Environment 
Sound

Output

Delivery / Implementation 

Web Audio - Personalised Compression

Matthew Paradis and Andrew Mason, Adaptive, Personalised "In Browser" Audio Compression, presented at the WebAudio Conference 2015

• Dynamic range control and 
dialogue-background balance 
could be combined into a single 
context-aware rendering 
process.  

• Improve intelligibility and quality 
of experience for listeners with 
minimal input from them.
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I only have 22 minutes but I really 
like to listen to the whole story of 
this great 30 minute programme.
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Object-Based Broadcasting  

Responsive Radio

• Adjust the length of your 
programme without 
producing several different 
versions.
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Object-Based Broadcasting  

Responsive Radio

• A graph represents the 
narrative and the 
structure of the 
programme. 

• This is linked to the 
media elements and the 
narrative constrains 
curated by the 
programme maker.
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Object-Based Broadcasting  

Responsive Radio
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Object-Based Broadcasting  

Responsive Radio
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Media AtomsPlayer AssetsGraph Database

Server

Narrative 
Algorithms

Multichannel
Rendering

User
Interface

Browser

Object-Based Broadcasting  

Responsive Radio

• The media objects of the 
programme are delivered to the 
browser which assembles it based 
on the preferences of the listener.

• The programme becomes 
responsive to the listener and their 
preferences.
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Object-Based Broadcasting  

Responsive Radio

http://www.bbc.co.uk/taster/

http://www.bbc.co.uk/taster/


Obje

c
t-

B
a
s
e
d
 B

roadcastin
g

Accessible

Personalised

Immersive

Interactive

Conventional Broadcasting

Object-Based Broadcasting

Further Information:
M. Armstrong, M. Brooks, A. Churnside, M. Evans F. Melchior, M. Shotton  Object-based broadcasting – curation, responsiveness and user experience,

Proceedings of IBC2014, Amsterdam, September 2014

The term ‘object-based media’ has become 

commonly used to describe the representation

of media content by a set of  individual assets 

together with metadata describing their

relationships and associations. 

At the point of consumption these objects can 

be assembled to create an overall user experience. 

The precise combination of objects can be 

flexible,and responsive to user, environmental 
and platform specific factors.

Compared to a traditional broadcasting approach an 

object-based approach can serve end users more 

effectively; by optimising the experience to best suit 

their access requirements,the characteristics of 

their playback platform or personal preferences

1

1

2

2

3

3

4

4

Object-Based Broadcasting  

Responsive Radio

http://www.bbc.co.uk/taster/

http://www.bbc.co.uk/taster/
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Challenges of 
Object-Based Broadcasting
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Object-based audio is recommended 
for the advance sound system for 
programme production by the ITU.
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A transformational change.
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An audio renderer converts a set of audio signals with 
Associated Metadata to a different configuration of audio 
signals, based on the provided metadata, external requirements 
and control inputs.

A renderer may take different forms e.g. :
• intermediary renderer - convert between formats
• end point renderer - creates the discrete audio channels for the listener 
• monitoring renderer - allows the production team to assess their work

Definition: Forum for Advanced Media Europe - Audio Group (FAME)
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Delivery
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Implementation challenge:
Scalability and Sustainability 



Implementation challenges 
Production 
• Production formats (stream and file)
• Production environments (monitoring, quality control, baseline renderer)
• Workflows and tools (production on scale)
• Interfaces to existing systems 

Delivery 
• Codecs and delivery mechanisms
• Interfaces 

Consumption 
• Platform (reproduction, user interaction, environment)
• Devices
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Object-based audio under discussion: 
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The EBU has developed a metadata model 
for object-based audio. 

The Audio Definition Model (ADM) can 
be used to store advanced sound formats 
using the broadcast wave file (BWF).

BBC R&D has developed a reference 
software - available as open source.
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• C/C++
• Cross platform (OS X / Linux / 

Window under development)
• Static or shared libraries
• Open Source with MIT Licence
• Debian packages for Linux
• Doxygen documentation included

http://www.bbc.co.uk/rd/publications/audio-definition-model-software

http://www.bbc.co.uk/rd/publications/audio-definition-model-software
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Object-Based Broadcasting

• Enabler for new user experiences spanning the range from traditional 
broadcasting to interactive experiences.

• Technology and standards are emerging.

• Tools need to be made available to enable and explore a wider range of 
applications.

• Curation of content is more important then ever to enable these new 
experiences and ensure satisfactory results.

• Object-Based Broadcasting has the potential to be transformational.



Object-Based Audio 
The future of broadcast !
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