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The W signal is weighted such that the B-format signal 
for a single point source, S , is given by:  
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and 
zyx nnn ,, are the Cartesian components of the 

normalized direction vector to the point source. β is an 
overall gain factor. The coefficients satisfy  

 2222 ZYXW2 ++=  (3) 

The B-format signal for a scene consisting of a 
collection of point sources is just the linear sum of their 
individual B-format signals. 

1.2 Decoding 
The B-format signal can be decoded by an Ambisonic 
decoder to generate speaker feeds for a variety of 
speaker arrays. For example a simple decoder for a 
cubic speaker rig has the 8 speaker 

feeds ZYXW ±±± .  
 
Binaural and hence transaural feeds can also be derived 
from B-format in a natural way, by integrating the 
HRTFs over the harmonics. Specifically,   
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Where 
iF  are convenient pre-calculated filters, 

iR are 

the harmonic functions, 
LB and

RB are the left and 

right binaural signals, and the Z  harmonic is aligned 
along the direction between the ears. Note that this is a 
rendering of a B-format signal, not the source un-
approximated soundfield. The inherent limitations of 
B-format are present, but also the advantages. In 
particular a single source would not be rendered as 
sharply as possible by direct HRTF encoding. Never 
the less, excellent results have been obtained this way, 
for example by Lake DSP [14], where synthesized B-
format room responses have been used to create B-
format scenes that are then converted to HRTF. Dolby 
Laboratories has adopted this technology for its “Dolby 
headphones” [15]. 
 

 
Reproduction by vector-based panning is less straight 
forward and discussion will be delayed to section 2.4.  

1.3 Transformation 
An important class of transformations acting on B-
format signals are linear operations that preserve 
Equation 3 for spatialized signals. By linearity these 
operations preserve the property for a signal composed 
of many separately spatialized signals, which 
essentially means that the transformed B-format signals 
still ‘make sense’ to the listener. Rotations and 
reflections in the x,y,z axis are obvious examples. Less 
obvious are the dominance operations parameterised by 
direction and a special factor. Depending on whether 
the factor is positive or negative, the operation will 
“focus” spatialized vectors towards or away from the 
direction, with associated rise or fall in gain. More 
details can be found in [1, 6].  

1.4 Summary 
B-format is only an approximation to a soundfield, but 
this is compensated by its compactness and symmetry 
in many applications. It excels at describing a 
soundfield that is evenly balanced around the listener, 
without a strong focus in one direction. This is 
particularly useful in a fully immersive environment, in 
which the listener’s attention may be drawn to any 
direction, for instance in sophistocated entertainment 
and virtual reality systems incorporating surround 
video as well as surround sound. 
 
Rendering B-format with Ambisonics provides a 
holographic image, meaning the 3-dimensional image 
transforms correctly as the listener’s head rotates, in 
contrast to HRTF techniques, which require the 
listener’s head to be fixed, unless cumbersome head 
tracking technology is employed. The freedom of head 
movement provides reinforcing location cues that 
compensate, at least in part, for the inherent directional 
limitations of B-format. No special HRTF information 
is required since the listener’s head shapes the 
soundfield as they would the original soundfield, to an 
approximation. 
 
For the balance we note one area where B-format and 
Ambisonic technology falls short. To render a point-
like source that is very close, for instance under the 
chin, requires head filtering, and there is no escape 
from HRTF techniques of some kind. Essentially, the 
head has become too entangled with the source to allow 
construction of the soundfield from distant 
loudspeakers such that the speaker feeds and source 
position can be kept constant while the head is rotated. 












