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l . INTRODUCT ION

For a given aliasing length the coarse—fine. array yields a sharper image than

an equispaccd array employing the same number of microphones. Indeed results

are presented here in which a 10 microphone coaraevfine array shows a great

improvement on a lfi microphone equispaced array‘ However. in extracting an

image of greater detail from an equivalent or less amount of microphone data

the coarse—fine array is seen to be much more sensitive to errors in microphone

placement. Using correlation techniques corrections are calculated and applied

within the tt-lt‘m‘npe computational process and errors as great at 51 of the

separation distance in the microphone position can he virtually eliminated. To

enhance the image quality further it was felt that the quantisatinn in tinn‘ due

to the rate of sampling should he reduced. Since a higher sampling frcquency

was ruled out hy hardware limitations a method of linear internalatinn was

devised however. the results presented hcrc show only a marginal improvement

hy its use.

 

Tho noise Iuldcr invesliyatioo is likely to contain bursts of increale ncrivirv

and nllu-r nn’ for-us s als may enter tho syslna mix as wind unis. or

rll-t'trintll disturhancc. For differing focus positions such activity may appcnr

in the time series or may he cat-Iu-Ied hy Illl‘ "tilt" of the delay L'ahln values

and this may cause thc burst to have the illusion of structure which could

ohscnre the true source shape. To improve the qualiLy or the noun-c image a

difll‘l'cnlial delay table could he used in which Have fronts representing signals

from different focal points are adjusted to occupy as nearly the same area in

the data huffor as possihle so as to make uniform the influence of the transient

disturbances doscrthcd above.

    

2. SENSITIVITY T0 HICKOI‘HA‘INE PMCEHEEI‘ ERROR

    

The equispaccd array is computationally equivalent to a coarse-fine array in

which the same microphones are used for hath the coarse and fine sub-arrays.

Signals from the two sub-arrays are. Rommel. applying appropriate shifts from

the delay tahlu. and then are correlated using transform methods. The

t'orrulalinll may thus lItI seen as tlll‘ sum of all the Combinations of individual

correlations of one icrophune taken from each suh-array. It has heen shownl

that thl‘fie correlations are characterised by the microphone separations and

that for a ll: microphone oquispaced array solar of the 27 different channel

separations ranging from - I'm to 4 up may he represented by as many as l]

separan terms. Hecausn of thr- mnltiplicity of contrihutions for each spacing

errors in microphone placement will to some extent he averaged out. It is seen

that the image of Figure He). in whit [ht-re are no deliberate microphone

errorsI is only slightly degraded in Figure lfdl where deliberate errors have

hot-n Introduced. In the rase of the coarse-[inc array in contrast each

Illit‘rnplloltt‘ soparalino is represented hy only a single correlation torm. In the

IU microphone example presentml lit-re. '55 difft‘t'enl separations aru represented.
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In the alisem'e of averaging. the sensitivity to microphone misplacement is much

more arnte and it is seen that the image in Figure 1(a) is severely degraded.

The I‘alibratinn process is haaod on the use of a nominal point source of sound;

.1 loudspeaker was used for these tests. One microphone is chosen as a reference

channel and cross correlations are taken of the signals from this and each of

Uu- other rhannels in turn. The positions of the correlation peaks are compared

with llu‘ delay talile values constructed from the nominal sensor positions. The

errors in peak positions can then he used to compute and effective correction to

he made in each sensor positiont At the same time these corrections take into

nnnt other errors such as misalignment between the recording and replay

hen-is an the tape recorder. lf [H0 calibration sources are used both radial and

lateral corrections can he computed. However, a major contribution comes from

radial errors and lateral errors are unlikely to be sufficiently gross for their

second order effects to become not liable. Figure l(h) Shows the effectiveness

of Lhr talihratinn algorithm in producing a sharp source image - in this case an

imane of the loudspoaker itself.

   

'l. 1 m: in lfl/fi  DELAY TABLE

 

re lfcl shows the results of u in}; an interpolated delay table for analysing

sc—fine [rlcsropr data. The true delay value will not in general be an

r and the error may be as much as half of one sample interval. An attempt

is made to provide interpolation by allowing two samples to be selected and

suwmrd with wrinhlinns of 4-0, 44, 2-2 or [-3. thereby hopefully limiting the

ufhu-rivi- rnuudinp. error to one-eighth of the sample and giving a similar effect

to the quailruplinv, of the sample rate. To achieve this result the width of the

delay Iahle is increased hy a factor of four and little modification is required

in the rnlltir - whirh constructs the sub-array time series. It is unlikely that

Ilu- further provt-mont in quality will he felt to warrant the increase in

processing linn'.

  

  

'4, Tlll‘. DIFFFHIZNTI n Inf unis

 

A r-nnvuntional delay table is built of values which ensure that the various time

series constructed from the wavefronts in the data buffer represent signals that

natt- simultaneously from the various focal points. lnevitahly, the notional

wax fronts over which signals are. summed are shifted by the difference in the

time of arrival of signals for different fuel. The time series constructed

from those wavefronts will be subjected to different ambient noise at the array.

(in llll' ntlwr hand. a differential delay table would introduce spurious dopplet

effest into the signals when they areemitted from a moving source. For

Slillinnary source. it is then possible to construct a differential delay table

:0 that lllt- source inn is subjected to the same ambient disturbance when the

at v processes the signals from one focal point to another. For a differential

iIr-lay table. the most tilted wavefrunt is selected as the reference and all

nlluu’ wavvfrnnts will then ht- hounded and not lost when all wavefronts are

shifted to the ln-pzinning of the data buffer to make mre efficient use of the

da To choose .1 pivot point about which all other wavefronts could he made

to coinridi- is quite. arhitrary but choosing the common microphone in the case

of the tours —liut~ array seems to he a good comprom' e in most situations. No

definite results have as yet been uhtaincd on the use of differential delay

lahlv.
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5 . CONCLUSION

It is shown here that a ten—microphone coarse-fine array can yield a sharper

source image than a fourteen-microphone equispaced array for a given aliasing

length. However, the coarse-fine array is more sensitive to errors in the

microphone placement and must therefore be calibrated. The use of an

intérpolating delay tahle does not appear to be worthwhile in view of the

anb'atantial increase in computation time.
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