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Overview

• Sound Field Reproduction – why?

• Principles of Wave Field Synthesis

• Application Example and System Overview

• Active Room Acoustics and Wave Field Synthesis

• Summary

• Questions & Discussions
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A short historic overview 
on spatial sound design

• Spatial sound from early music to contemporary electro-acoustic 
compositions (sound reproduction).
– e.g. Varèse/Xenakis:

Poème électronique (Brüssel, 1958) und 
Virtual Electronic Poem (Berlin, 2004)

• Aesthetics of spatial sound reinforcement systems 
– e.g. Pink Floyd (quadrophonic systems in concerts)
– Less obstrusive systems especially for classical music (e.g. delta stereophony in the 

1980s)

• Aesthetics of room acoustics
– Decoupling the physical and aesthetic properties of halls by electro-acoustic room 

enhancement systems
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Acoustical Design of Rooms
• Re-design and re-shape the acoustic properties of the room 

regardless of its real physical properties.

• The audio system shall:

– Appear as being a “natural” part of the hall (“inaudible” loudspeaker)
– Keep localisation of sound sources and perception of room acoustics 

coherent with visual aspects
– Create a sonic image independent of the listening position
– Open an acoustic space behind the physical walls
– Possibly enable virtual rooms that go beyond the scope of plausibility to 

achieve new experiences of artistic environments.
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Quality measures of spatial sound
reproduction

• Meet the requirements of human perception 

– Localisation performance
– Distance
– Room size
– Room interaction
– …

Ø Perceptual properties of Wave Field Synthesis as tools 
for spatial reproduction



31.10.2008 © 2008, sonic emotion ag Slide 7

Overview

• Sound Field Reproduction – why?

• Principles of Wave Field Synthesis

• Application Example and System Overview

• Active Room Acoustics and Wave Field Synthesis

• Summary

• Questions & Discussions



31.10.2008 © 2008, sonic emotion ag Slide 8

Wave Field Synthesis

• Wave Field Synthesis (WFS) 
Concept:

– Sound source emits certain
wave fields

– Reproduction using
secondary sources
according to Huygens
Principle
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Wave Field Synthesis

• Arbitrarily shaped
secondary source arrays
– Reproduction as point 

source: holographic
imaging...
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Wave Field Synthesis

• Arbitrarily shaped
secondary source arrays
– ...even in front of the

loudspeaker array
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Wave Field Synthesis

– ...or as plane waves (identical image for all listeners at any 
position inside the loudspeaker array)
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Multichannel equalization, sound field control

• Measure of loudspeaker 
radiation on an ensemble 
of microphone positions

• Specification of a target 
sound field (associated 
to a virtual source 
position/directivity)

• Multichannel inversion, 
iterative calculation of 
filters in the time domain
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