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Approximation to Binaural Impulse Response
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Fig. 1 - Pyramid Tracing Scheme with simulated binaural receiver.





FAST CONVOLUTION BY FREQUENCY DOMAIN PROCESSING


The actual implementation of Aurora gives these computing times (in s) on a i486 DX2-66 PC, with a mono input signal of three different lengths and two (binaural) impulse responses of 5 increasing lengths:


Imp.Resp. length ->�
16 kpoints�
32 kpoints�
64 kpoints�
128 kpoints�
179593 points�
�
input 10 s, 44.1 kHz�
61.85�
79.0�
108.2�
160.4�
209.6�
�
input 20 s, 44.1 kHz�
108.4�
125.1�
171.6�
300.7�
344.8�
�
input 30 s, 44.1 kHz�
156.3�
183.4�
244.6�
359.7�
488.8�
�



SUBJECTIVE TESTS TO VALIDATE THE SIMULATION SOFTWARE





Questionnaire





Pair no. ..........    Are the two samples A and B equal?     yes (      no    (


If Your response is no, explain why:








�
a lot (-2)�
slightly (-1)�
no difference (0)�
slightly (+1)�
a lot (+2)�
�
�
A is more reverberant�
(�
(�
(�
(�
(�
B is more reverberant�
�
A has pronounced bass�
(�
(�
(�
(�
(�
B has pronounced bass�
�
A has pronounced treble�
(�
(�
(�
(�
(�
B has pronounced treble�
�
A has wide spatial impression�
(�
(�
(�
(�
(�
B has wide spatial impression�
�
�
The following table summarises the results of the first question (percentage of “equality”):


Ramsete/Experimental comparison�
Truly equal samples�
Truly different samples�
�
23.0 %�
71.8 %�
2.5 %�
�



Results of the 4 subsequent questions (average and std. deviation):


�
Ramsete/Exp. comparison�
Truly equal samples�
Truly different samples�
�
more reverberant�
--0.06 ± 0.92�
-0.03 ± 0.58�
-0.36 ± 1.38�
�
pronounced bass�
-0.06 ± 0.77�
-0.10 ± 0.41�
+0.24 ± 1.30�
�
pronounced treble�
0.00 ± 0.72�
+0.04 ± 0.41�
+0.35 ± 1.07�
�
wide spatial impression�
+0.24 ± 0.87�
+0.06 ± 0.40�
+0.64 ± 1.22�
�
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Distribution histograms of the four questions.





CONCLUSIONS





The subjective results show that the simulated responses are not perfectly indistinguishable from the experimental ones: a trained listener can easily identify the difference in a comparison test. On the other hand, these differences are actually very little, as the main subjective parameters are judged equal. Asking the subjects to specify the true nature of the difference, most of them were responding “I feel a slight difference, but I am not able to identify its cause”.


Probably a wider subjective experiment is needed, with a larger number of subjects and including some other rooms with different acoustic behaviour. Also a better questionnaire can now be arranged, based on the improvements suggested from many subjects.


Nevertheless the Aurora system has shown its capability of producing realistic binaural simulations, that make it possible to appreciate even slight modifications in the numerical model of a room. Usually the goal of an auralization system is to provide an audible feedback to the designer, or to demonstrate the effects of proposed acoustic treatments of the room: these capabilities are now available with a low-cost PC and no additional specialised hardware, with computation times short enough to perform dozens of consecutive tests, and with no practical limitation about the sampling frequency and the length of both the convoluted signals and the impulse responses.





