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INTRODUCTION

We have developed an experimental system for simultaneous detectionand location or scund sources in a noisy environment using crossspectra between signals picked up at many points. The performance ofthe system is first examined by computer simulations and an experi-mental system using 15 pick-ups is designed and developed. Pre-liminary experiments are carried out in air using 14 microphonesdistributed in a room.

PRINCIPLE

The signal radiated from N points is picked up by M pick—ups. The'source signal has no correlation with one another. Figure 1 shows therelation between sources and pick-ups. No reflection from theboundary is first assumed. The output of the m-th microphone xm(t) is

  

Fig. 1 Relation between
N sound sources
and M pick-ups
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expressed as follows:
N 1

xm(t) = “E1man(t—rn'n/c), (1)
- .

where rn m : distance between n-th source and m-th pick-up
c ’ : sound velocity
an“) : signal radiated from the n-th source.

xm(t) is windowed by anadequate function H(t) and Fourier transformed
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xmm) = +1; w(t) xmm exp(-Jwt)dt
N

= z Anti») expC—jmrn rule) (2)
n:1 rn,m '

where

Ana») = .4, I; w(t) anm exp(-jut)dt (3)
The sound source is first'essumed to be at the p—th point. Then the
modified spectrum Y mm) is computed from xmm) under the assumption
that the transfer ninetion H mm) from the p-th source to the m-th
pick-up is determined only by 1the difference in distance as follows:

vp’mm) = Xm(m)/Hp'm(w)

= g rpm
n:1 1"n,m

Y "‘(M) is computed for every pick-up. Then, the cross spectra
bgflween Y (m) and Y ‘ (to) are computed and averaged for all combina-k p,1
tions of glck-ups as
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exp[Jwitri'q-rp_q)-(rn'k-rp’k)}/c]l (5)
where A; is the complex conjugate of Anfld).
The second term of Eq. (5) approaches zero when the number ofcombination M(M-1) is large because the distance from the assumedsource to each microphone is different. The first term of Eq. (5)approaches a definite value if the source is located at the assumedpoint, but, otherwise it approaches Zero. The following equation isobtained when the source is at the assumed point.

upon = [Ap(w)lz
The assumed point is scanned over the space where the inspectionshould be carried out. The average cross spectrum takes a consider-able value if the assumed point coincides with that of the realsource.

(6)

Some image sources can be generated it the estimation is carried outusing only one frequency component. However,- the image source movesby the change in frequency. Therefore, the real source can bediscriminated from the image sources observing the average crossspectrum over a range of irequency.

COMPUTER SIMULATION
A few computer simulations were carried out using the model shown inFig. 2, where 32 pick—ups are used. In the computer simulation, thesound velocity assumed is 333 m/s, the sampling frequency is 30 kHzand the interval between success

The

\    a_ .v 1:0,“Fig. 2 Arrangement of 32 Fig. 3 Distribution of Averagepick-ups and a cross spectrum displayedsource by contour lines
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generated as shown in Fig. 3, where 1 shows the point of real source.
The hatched area shows the possibility of source point and there
appear {our image sources.

The next simulation is carried out for the investigation on the effect
of two sources and of the external noise. The cross spectra are
averaged both for every combination of pick-ups and for 16 frequency
components between 937.5 Hz and 15 kHz to diminish image sources, and
also averaged 10 times in the time domain to decrease external noise
given to every pick—ups. Figure ‘1 shows the distribution of computed
magnitude on the plane of sources. Two peaks are observed at the
source points by the close scann (10 cm).

 

Fig. ’4 Calculated distri- Fig. 5 Measured distri-
bution of cross bution of cross
spectrum spectrum

F‘I ELD EX PERIKENT

An experiment is carried out in a conference room using 118 pick-ups.
The sampling frequency is 3.3 kHz and the cross spectra are averaged
every 13 Hz in the frequency domain between MT Hz and 1.25 kHz.
Figure 5 shows the result computed for the plane where there is a real
source.

CONCLUSION

A method for the sound detection and location is proposed with the
description of principle, The usefulness of the method is shown both
by computer simulations and by anexperiment.

According to the investigation, not only the averaging of pick-ups but
also the averaging in the frequency domain is necessary for diminish-
ing image sources.

The effects of diffraction 1n the space, the boundary wall, the flow
of the medium etc. should be investigated for practical use.
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