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The coarse-fine technique is based on the cross correlation of.two tim-
series per image point. found by filming microphone samples subjected to
appropriate delays. When the source is known to he moving, the image
points can he made to me in a corresponding way by using delay values
which themselves vary with time. In addition to removing 'mtion blur'
from the image, the technique eliminates doppler frequency shifts.

l . INTRODUCI 10"

In 1975. tests were conducted with an equispaeed telescope on a jet engine
mounted on a spinning rig. Data blocks were acquired on successive revolutions.
triggered at the same spatial point. so that the results could be accumulated
over sufficient data to achieve a meaningful average. It was clear that even
over the length of a single data block. considerable 'motion blur' would be
present. and so a technique was developed to 'pan' the telescope image with
the movement of the source. The results at the successful application of this
technique were contained in a company report. but the technique itself has hren
hitherto unpublished. with the development of the coarse—fine array, a
corresponding method allows the tracking of moving sources. The improved
resolution of the coarse"fine array then suggests its use for fly-over tests.
where multi-pass accumulation of results cannot be used, and where 'panning'
will allow a sufficient time-span to build up an acceptable time-bandwidth
product.

2 . THEORETICAL BASIS

A single source at 50 can be represented by

q(g.t) E q“) 6(_x_ - 50).

The signal received bya microphone at z is then given by

If 50 is in motion with respect to 1. the Doppler shift may be observed by
differentiating the contents of the brackets

Ix -x|d —o
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vvprvsontillg .1 Limo-dilation or contraction of the source function dependent on
thl' radial component of aourrr velocity. The telescope algorithm is based on
shifting tllc rereivcd microphone signals by an amount equal to the transit delay.
so [lull in tho n'rnnstructod time—series, the value attributed to time t is the

sample taken at um- t . ‘10 ' ll. Provided that .1 time-varying set 01 shifts
t IEO‘ZI

ran he used. vllirll trark the changing value of . the signal contributed

by oath mirrnphnnr will he of the form

l
_ u cut).

'50

[he sinnals will rcinrnrrr as for the static case. and no Doppler effect will
n-unin.

For tllr rnarsr-fino array. two such time series are. Constructed, one for the fine
array in ullirh thr- mirrophuncs have unit spacing and one (or the coarse array,
vllivll "runs uh.- n .- array and has one microphone in common with it, and which
has mil'ruphnno sparing greater by one unit than the entire lrnnth of the fine
arrav.
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Tlu- rlwults obtained by the acoustic telr‘srnpe are conventionally presented in
terms of intensities at 36 source points. this having been arbitrarily chosen as
um- dimension of lho results array. Fnr Pflt'il source point. thero is a vector of
unlril-s in Hm 'dnlay table', representing the distance delays to each of the
I» ~ uphunos, thus ullcn rnustrul'tinl'. a signal time-series for llu- in' snllrct‘
point. delay a” is appliml to each sample [ran the j'th microphone.

'l. lll ' CO‘ ‘UTATlflNAl.

  

When the source under inspection is .1 jet engine. the source paints of interest
lie on llll‘ jvt axis. "hon the engine mow-s, it moves along the jet axis. In
[In intercsls of rcsnlution. source points (or the results are chosen to he
suliirienlly rlnst- that only at the highest (roqllencies considered will the
rhnnlzu in (Ii-lay {or a given microphone from omI source point to the next represent
.1 phase—shirt nl mun: than .1 fraction or .1 cycle. Thn motion nr .1 moving source
may lllus ho qllanriwd in (arms of the 'rn-sults points'. As moves along the
1 . rllanyzinl; l'rllulnlls of the delay table are invoked to mark its progress. and ./
lll lln- rr. Itinr, limo sl-rics sum microphone contributions will he time-expanded
nr ntIu-rs time-rnnlrartod to obtain a dynamic match or the source time-lunction.

  

  

 

liarh rjl-sults point will now use a number of columns of the delay table. and this
must ulvarly he providile with extra 'uidth' Lo arrommodatr the 'pnnninfl movement
Thu- array dim-"sin" was accordingly inrrrasell Lo (15 colunnls, allowing .1 'panning
Inn lh' ul 2R n-sulLs points. This meant that an image could be built up over
the limo taken for lill‘ engine It) traversr three-quarters of the distance “
n-lvrvsn-nu-d hy llu- ll'nyllh uf llu- results array.
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By tin t, a source poiiit'diiiti'ally' at xi will haveprogressed to xk, where

"n ' 1i " "- ' -
. v-

i.e. .h = 1 s roundedyto: the nearest integer.

thus for the it“ source point and the 3m microphone. the, delay valn'e dIlj is now

used, where k = i + a"? t. Since the value 3v; t is cosmn to all the delays. its

value is calculated separatelyas a double-precision integer and fraction. ’ I

a. :WLICATIGNS FDR FLY-OVER TESTS

H'hen the source is distant from the microphones, the delays must be reduced by
some constant to avoid wastage of nnlch of the sample _data. The result then
corresponds to the sound issuing from the source at a slightly earlier time, of

no con'sequence for a static source. When the source is moving, however. an
'slibi' error could be introduced unless a (readily calculable) correction is
applied. More important is the problem of an extended source region. For
static distributions. individual columns of the delay table can be adjusted,
either. to cconomise on the time-spear! of data samples within each block or to
minimise the statistical time-spread influence of off focus sources (as
presented by Teaz). When the source is mving, however, therelationship
between different columns of the delay table must be preserved, ehich could
result in a spread of delay values which might exhaust the cmuter storage
capaci-ty. '

The signals will anst certainly be recorded on magnetic tape, and in theory
large Idelays could he achieved lay varying the time of digitising on replay-
Ilowever. this presupposes the possibility of repeatedly finding the same place
on the] tape with an accuracy ofa few microseconds. A pulse-interval encoding
technique for an analog multi-chamiel recorder has been proposed and would have
been realised but for the shortcomings of a subcontractor. However it.“ now
quite 'clear that a recording method based on the use of a 'domestic' video
recorder can provide digital quality recording with precise sample retrieval
much u'ure economically than an analog machine.

There Iremains the problem of the calibration necessary to achieve the increased
performance of the coarse-fine array. The loudspeaker or 'thunderflash' mthods
are un:likely to prove expedient for establishing focus positions at a height of
a hundred feet or cure! Provided that good initial accuracy of microphone
placement has been achieved and that the height and initial location of the
aircraft are established to within a few metres, the source distribution of the
aircraft itself can be used to tune the telescope to a fine focus much as vould
be performed with an optical callers. During the spinning rig tests brief
images at each end of the panning range were compared to determine fine tuning
adjustments of the tracking speed and this technique is easily applied to the
fly-oer case. ' ‘

s. wucwsms_s

Technigues originally developed for spinning rig tests can he readin transferred
to the coarse-fine telescope silo-ling its large ratio of alias length to
resolution width to he exploited for fly—over tests. The image can be
integrated over a substantial range of movement giving true sawing-source
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imaging as opposed to the technique of monitoring :1 fiied point as if: is
traversed by the source. The coarse-fine method requires only the re-deployment
of existing microphone equipment used with newly developed software. but for
fly-over tests it is probable that new recording techniques will be desirable.
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