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Listening Area 

 
Figure 3: WFS is capable of reproducing both the stable positions 
of point sources (red and pink, dashed and dotted) and the stable 
direction of a plane wave (blue, solid). 

rection throughout the entire listening area, refer Figure 
5: The blue (solid) arrows indicate the direction of the 
auditory event when the blue plane wave is reproduced. 

o enhance the localization of virtual sources and the sense 
of presence and envelopment through a realistic repro-
duction of the amplitude distribution of a virtual source. 
In other words, when the listener is approaching the lo-
cation of a virtual source the amplitude increases in a re-
alistic way. Accordingly, the amplitude of a plane wave 
- which can be seen as a source in infinite distance - 
changes least on different listener positions. 

These properties enable the synthesis of complex sound scenes 
which can be experienced by the listener while moving around 
within the listening area. Figure 3 illustrates the way in which the 
sound image changes at different listening positions. This feature 
can be made use of deliberately by the sound engineer to realize 
new spatial sound design ideas. 

Moreover, it has been shown that the enhanced resolution of 
the localization compared with stereophony [9] enables the lis-
tener to easily distinguish between different virtual sources, which 
makes the sound scene significantly more transparent. 

2.3.2.   Virtual Sound Sources in Front of the Loudspeaker Ar-
ray (“Focused Sources”) 

Figure 4 shows the wave fronts of a point source behind the array 
(a) and in front of the array (b) in a simulation. The concave wave 
fronts of Figure 4a achieve the synthesis of the signal of a virtual 
source behind the array. WFS, however, is also capable of synthe-
sizing a virtual source in front of the array. Therefore the WFS 
array emits convex wave fronts which focus in a point that will be 
localized as the position of the “focused source” (Figure 4b). 
Naturally, the localization will not be correct for listening posi-
tions between the focus point and the array because the sound 
emission of the virtual source occurs here reversely. 

For the practical application, it is an enormous progress that 
virtual sound sources in the field between the listener and the 
loudspeakers can be created.  As will be discussed in Section 4, 
sound engineers can be offered completely new tools for the spa-
tial sound design. 
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Figure 4:  Wave fronts of virtual sources [10]: (a) behind the 
array; (b) in front of the array. 
3. WFS PRACTICAL CONSTRAINTS 

Not surprisingly, in practice it is not possible to match all theoreti-
cal requirements for a perfect result. The rendered WFS sound 
field differs from the desired sound field to some degree for a 
number of reasons (for details see [11]). 

3.1. Discreteness of the array (spatial aliasing) 

This effect produces spatial and spectral errors of the synthesized 
sound field due to the discretisation of a continuous secondary 
source distribution. Above the spatial aliasing frequency falias the 
time difference between two successive loudspeaker signals inter-
feres at the listener’s position, depending on the spatial sampling 
interval, i.e. the loudspeaker / microphone inter-spacing.  

3.2. Reflections of the reproduction room (spatial interfer-
ence) 

A WFS array can not render the desired sound filed perfectly if 
reflections of the reproduction room produce interference in spa-
tial perception. In particular, perception of distance, depth and 
spatial impression are affected, because fragile distance cues of 
synthesised sources can be dominated by the stronger distance 
cues generated by the array speakers. They interfere with the 
desired reflection pattern of the synthesised source. Special room 
compensation algorithms being under investigation [12], [13] will 
perhaps be able to minimize this effect. 

3.3. Restriction to the horizontal plane 

Theory does not restrict WFS to the horizontal plane. However, 
the reduction of the array dimension to the horizontal plane is the 
practical approach, having a number of consequences. First, vir-
tual sources can be synthesized only within the horizontal plane. 
This includes virtual reflections affecting the completeness of a 
natural reflection pattern and thus possibly resulting in impair-
ments of perception of distance, depth, spatial impression and 
envelopment.  

Another aspect is related to the measuring techniques used for 
capturing the room response. In practice there is some mismatch 
with respect to elevated reflections, because the measured room 
response includes elevated reflections although they are repro-
duced only in the horizontal plane. The effects of these types of 
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