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1. INTRODUCT 10N

For a given nliasing length the coarse-fine array yields a sharper image than
an cquispaced array employing the same number of microphones. TIndeed results
are presented here in which a 10 microphone coarse-fine array shows a preat
improvement on a l4 microphone equispaced array. However, in extracting an
imape of preater detail from an equivalent or less amount of microphone data
the coarse~fine array is seen to be much more sensitive to errors in microphene
placement. Using rorrelation techniques cotrections are calculated and applied
within the tclescope computational process and errors as great at 5 of the
separation distnnce in the microphene position can be virtwally aliminated. To
enhance the image quality further it was felt that the quantisation in time due
to the rate of sampling should he reduced. Since a higher sampling [requency
was ruled out by hardware limitations a method of limear interpnlation was
devised; however, the results prescnted hore show enly a marginal improvement
hy its use.

The noire under investigation is likely to contain bursts of increased activity
and other off forus sipnals may enter the sysicm such as wind aoise or
electrical disturbance. For differing Foacus positioms such activity may appenr
in the time series or may be excluded by the "tilt" of the delay table values
and this may rause the burst Lo have the illusion of structure which could
ohaeure the true source shape. To improve the quality of the rource image a
differontial delay table could be used in which wave fronts representing signals
from different focal points are adjusted to occupy ae nearly the same area in
the data buffer as possible s0 a9 to make uniform the influence of the transient
disturbances describhed above.

2. SENSLITIVITY TO MICROT'HONE PLACEMENT ERROR

The enquispaced array is computalionally equivalent te a coarse-fine array in
which the same microphones are uwsed for hoth the coarse and fine sub-arraye.
Sipgnals from the two sub-arrays are summed, applying appropriate shifta from
the delay tahle, and then are correlated using transform methods. The
vorralation may thus be seen as the sum of all rhe combinations of individual
carrelations of one microphene taken {rom each sub-array. Tt has heen showm!
that these correlations are characterised by the microphone separations and
that for n 14 microphone equispaced array some of the 27 different chanuel
scparations ranging from — 11D to + 11D may be represented by as many ar 13
separate terma.  Recause of the multiplicity of contributions for each spacing
errars in microphone placement will to some extent be averaged out. Tt is seen
that the image of Figure I1(e), in which there are no deliberate microphone
rrrora, ig only slightly degraded in Figute 1(d) where deliberate errors have
heen introduced.  Im the case of the coarse=fine array in contrast each
microphone separation is represented by enly a single correlation term.  In the
10 mirrophone example presented here, 353 different separations are represented.
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In the absence of averaging, the sensitivity to microphone misplacement is much
more arute and it is scen that the image in Figure 1(a) is severely degraded.

The calibration process is bared on the use of a nominal point source of sound;
a londspeaker was used for there tests. One microphone is chosen as a reference
chawnel and cross corrclations are taken of the signals from this and each of
the other channels in turn. The positions of the correlation peaks are compared
with the delay table values constructed from the nominal sensor positions. The
errars in peak pesitions can then be used to compute and effective correction te
be mude in each sensor position. At the same time these corrcctions take into
aceonnt other errors swch as misalignment between the recording and replay |
heads on the tape recorder. If two calibration sources are used hoth radial and i
Iateral corrections can be computed. However, a major contribution comes Erom

radial errors and lateral errors acve unlikely to be sufficiently gross for their |
avrond order effects to become notieceable. Figure 1(h) shows the effectiveness |
of the caljhration algeritlm in producing a sharp source image - in this case an \
imape af the loudspeaker itself.

1. THE INTERPOLATED DELAY TABLE

Fipure 1{c) shows the results of using an interpolated delay table [or analysing
cnarse=line telescope data. The true delay value will not in general be an {
inteper and the ecror may be as much as half of one sample interval. An attempt
is made Lo provide interpolation by allowing two samples to be selected and
sunmed with weightings of 4-0, 4-1, 2-2 or 1-3, therchy hopefully limiting the
effortive rounding ereor to one-eighth of the sample and giving a similar effect
te the quadrupling of the sample rate. To achieve this result the width of the
delay tahle is increased hy a Factor of Four and little modification is required
in the reutine which constructs the sub-array time series. Tt is unlikely that
the further improvement in quality will be felt to warrant the increase in
processing time.

“.  INE_DIFFERENTIAL DELAY TABLE

A vonventional delay tabte is built of values which ensure that the various time
aericas constructed from the wavefronts in the data buffer represent signals that
originate similtaneously [rom the various focal points. Ingvitably, the notional
wavefronts over which signata are summed are shifted by the difference in the -
time of arrival of sipnals for diffoerent foci. The time series constructed

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

On the other band, a differential delay table wonld intreduce spurious doppler
effects inte the sipnals when they arc emitted {rom a moving source. For
stationary seurce, it is then possible to construct 2 differential delay table

5o that the souree imape is subjected to the same ambient disturbance when the
array processes the signals from one focal point to another. Fer a dilferential
delay table, the most tilted wavefront ia =elected na the reference and ail

other wavelronts will then he bounded and not lost when all wavefronts are

shifted to the heginning of the data buffer to make more efficient use of the

datian. To choose a pivet point about which all other wavefronts could be made

to coincide is quite arbitrary but choosing the common microphone in the case

of the coarse—fine array scems to he a pood compromise in most situations. No
delfinite results have as yet been obtained on the use of differential delay B
tahle,
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5. CONCLUSIOR

1t 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 iodrse~fine artay is more sensitive to errors in the
wicrophone placement and nust therefore be calibrated. The use of an
intérpolating delay table does mot appear to be worthwhile in view of the
subbtantial increase in computation time. - ’
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