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Introduction
Correlation provides a quantitative measure of the degree of
caugality between two functions fx(t) and fy(t). The correlation
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The variable T represents s time delay imposed on fx(t) before
it is multiplied by fy(t).

Correlation is readily applied to acoustical signals. Given a
random noise signal fx(t) emitted from a loudspesker, the signal
fy(t) received by s migrophone fram that.lnudqpeakgr will correlate
with f (t) to produce a peak in the fumction éﬂ,(%) when ¢ is
equal to the transit time of sound from speaker to.microphone. The

function is expressed as:

sound pressure amplitude at the microphoue due to sound which has
traversed a particular path can thus be determined from the
magnitude of I!(‘"(z)

The spacific application of correlation to be considered here
ia the direct measurement of absorption coefficient by using a
correlator to select the reflection from the sample in question and
meagure its amplitude.

Correlation was first applied to acousticel measurements by
goff in 19557 and again by Burd in 19642, 1n the work
dese¢ribed here we have concentrated on using correlation with stand-
ard Brilel and Kjaer filters and level recorder mo that results ttay
be readily compared with those obtained by more standard acoustical
to¢hniques.

When random noise of limited bandwidth is used for correlation,
the peaks become broader than when white noise is used. This fact
introduces a complication into the experimental work because there
must be a gufficient time interval between successive sound paths



to avoid overlapping of peaks. The autocorrelation function of
& pignal is the Fourier transform of the power spectrum. Thus an

idesl filter with a rectangular pass band gives rise to an

autocorrelation function of the form sin x multipiied by a

sinusoidal function of the same frequen%y as the centre frequency
of the band,

In practice an actave band of noise of 1 k H z centre
frequency produces an autocorrelation function approximately
3 m.sec. wide. As the bandwidth is narrowed, so the function
broadens; i.e. as the frequency informatioen is increased, the
time scale resolution is reduced.

The analogue correlator

Fig (1) shows the basic elements of the analogue correlator.
The time delay is produced by a magnetic tape recorder specimily
adapted with one replay head mounted on a micrometer screw sliding
track to provide a variable time delay. Owing to the physical
size of the heads, a single channel system cannot provide a time
delay variable through zero. Hence a fixed time delay is used in
channel A and the variable time delay in channel B, the net time'
delay ¢ being the difference between the two delays.

The B & K 2305 level recorder drive shaft is mechanically
linked to the scanning replay head so that a chart is obtained of
correlation function fhyfz) against time delay € . The
eatimated maximum error in correlation peak height is + 3.5%, of
which + 2% is contributed by the level recorder quantization error.

Absorpticn coefficient measurements

Fig (2) is a schematic diagram of the layout for absorption
measurement. The correlator selects the peaks in the correlation
function correspending to the path traversed by sound from the
speaker reflected from the sample back to the microphone. The
height of this peak is directly proportional to the modulus of the
sound pressure reflected from the sample, averaged over the
frequency band in use. The modulus of the normal incidence
reflection coefficient is found by covering the absorbent
specimen with a 100¥ reflector of the same size and comparing
the two correlation peaks thus oﬁtained. In the leboratory tests

a sheet of 32 oz. glass was used for this purpome (dimensions

2' x 2'). If hy = correlation peak height due to sample
h’ = correlation peak height due to glass.
then reflection coefficient ’r’ = !11
2 hg
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The most interesting application of correlation to absorption

.". absorption coefficient of

measurement is measurement "in situ" on an existing wall. The two

‘signals to be correlated are recorded on a twin-channel poertable

recorder and tsken back to the laboratory, where a tape locp is
made and the signals fed into the correlator for ms long as ‘
necessary. In these measurements, where the absorbent area may
be very large; glass cannot conveniently be used as the reference
100% reflector. Instead, a hard plastered brick wall (dimensions
11¢ x 207) is compared with the unknown sample by first standard-
ising the "direct" sound levels which should be the zame in bhoth
capes, all distances having been made the same.

Results of abscrption cocefficient measurements

In general the results of normal incidence-absorpticn
measurements made using correlation have been in close sgreement
with results from the B & K standing wave tube. Fig (3) showa
normal jncidence absorption coefficient plotted against frequency
for polyurethane foam of 3" thicknesa., The results obtained by
correlation (continuous line) are compared with results from the
standing wave tube (dotted line).

Fig (4) shows similar graphs for 1" foam. The discrepancy
at 500 Hz is due to the fact that the correlation result is
averaged over the octave band whilst the tube result is for a
single frequency. Where absorption ¢oefficient is changing
rapidly with frequency, the two methods produce different results
each of which, however, is valid in-its own way.

Fig (5) shows results for 1" perforated fibre acoustic tile.
The solid line refers to results obtained from correlation in the
laboratory and the dotted line to the standing wave tube. The
dashed line shows resulis obtained "in situ" in a small recording
studio. It is interesting to note that the standing wave tube
gives a much higher result at 2 kHz and &4 kHz than correlation.
This discrepancy could be due to the fact that the impedance tube
uses a very small sample (1" diameter) which may not be represent-
ative of the properties of a large area. There was alsoc some
uncertainty in the high frequency results in the impedance tube
due to cross-modes. The "in situ" correlation results are in
reasonable agreement with the laboratory results. The small size

of- the room unfortunately prevented a result from being obtained



at 500 Hz, reflections from the floor merging with the wall
reflection.

Conclusiona

Correlation has been found to be a useful method for
measuring abaorption coefficient "in situ" without the need for
cutting a s@mple of the material.

Disadvantages of the method are:

(1} :Prequency information is limited by the need to use bands of
noise rgther than pure tones.

(41) The method is elow, taking typically ten minutes to scan
through one peak in the function because of the léng integration
time required for accuracy. A hybrid analogue-digital imstrument
could work faster by correlating simultanecusly at a large number
of different time delays instead of simply scanning through the
range. ' _

It is interesting to note that accurate measurements can even
be made under conditions of high background noise level 5ecau5e the
method rejects all signals except the one correlating with the
output of the random nolse generator.

Although results have so far only been taken at normal
incidence, it is hoped to extend the technique to oblique incidence
measurements. In principle there is no diffieulty in this,
provided , large sample of absorbenb. is available, but results
near grazing incidence may be difficult when the path difference
between direct and reflected sound is small.
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