Derivation of directive microphone responses

The first point to clarify here is that the Soundfield microphones adhere to the old-style B-format standard, in which the W channel has a gain reduction of 3 dB compared with the other three signals XYZ. To make use of uniform notation, it is assumed here that this 3 dB gain reduction is immediately compensated for, and thus all three microphone probes result in the measurement of 4 IRs with the same absolute gain for all 4 channels.

The basis for the synthesis of a virtual microphone from the B-format signals is the fact that combining the response of an ominidirectional microphone (W) with a figure-of-eight microphone (X, for example), a cardioid response is obtained, as shown in fig. 25. If the gain of X is reduced in comparison with W, the response becomes sub-cardioid, but if the gain of X is greater than the gain of W, an hypercardioid response is obtained. This same fact is employed in the control unit of the Soundfield microphone, which allows for the recreation of the signal of two virtual microphones with selectable directivity patterns.

If the virtual microphone has to point along a generic direction described by its unitary vector 
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, the response of the single figure-of-eight microphone X has to be substituted by a linear combination of the three signals XYZ, employing the directional cosines of 
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 as weighting factors. Thus the response V of a generically-oriented virtual microphone can be computed as:
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(8)

In which the directivity factor D can assume these values:

D=0.0 
( omnidirectional

D=0.5 
( subcardioid

D=1.0 
( cardioid

D=1.5 
( hypercardioid

D=2.0 
( figure-of-eight

The above relationship (8) makes it easy to derive the proper impulse response corresponding to the position of each loudspeaker in the reproduction array, by post-processing the B-format IR measured in the theatre. This has to be repeated, of course, for both the B-format IRs, measured from the two source positions inside the theatre (L and R). For a reproduction array of 8 loudspeakers, for example, 16 synthetic IRs are obtained, and saved as 8 stereo waveforms (one for each loudspeaker).
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Fig. 25 – Synthesis of directive patterns

The feed for each loudspeaker can thus be derived simply convolving the stereo original recording with the stereo IR (L(IRL and R(IRR) and summing (mixing together) the results.

By trial and error, it was found that the optimal value of the directivity factor D is approximately equal to 1.4 (hypercardioid), because this way each derived IR is much less correlated with the others. This corresponds approximately to the maximization of the field indicator rE, as suggested in [26] by J. Daniel for optimizing the decoding of B-format recordings. This also corresponds roughly with the method suggested by Okubo [27].
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