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1. INTRODUCTION

The Batho report (Ref.1] has highlighted that low frequency noise is @
major contemporary problem and requires further research. Those
wha deal with noise complaints can be faced with the problem of
locating an unknown source of low frequency noise which requires
sophisticated monitoring techniques. Source locatfion has been
proposed employing the three element sensor amay based on
phase difference {Ref.2) and by the use of comelation methods
{Ref.3). Most tonal noise giving rise 1o complaint is emitted by distont
industrial plant of some description and is very often in the low
frequency range below 500Hz. This paper deals with the
investigation of the application of impulse response function s on
aid to source location in the frequency range up to 500Hz.

2. METHODOLOGY AND INSTRUMENTATION

The precise direction of the source is simply deduced from a
knowledge of the separation distance between two microphones
and the consequent time delay which is predictable for a source
inline with the two micropheones. In situations where the source s .
offset, the comesponding fime delay will be less and a function of
the angle of incidence of the wavefront to the line joining the
microphones. The schematic representation of this system is shown in
Figure 1. The inshumentation employed consists of two condenser
microphones (B&K 4155) coupled to B&K 2231 sound level meters.
The signals from the input and output microphones were recorded
simultaneously on a Sony D7 DAT recorder. These recordings were
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subsequently analysed using the impulse response function of the
CANAL system which in the configuration used here is a
combination of software and hardware loaded to a p.c. enabling
real time FFT signal analysis. The system is not partable but however
provides a low cost tool for investigation of noise compilaints.
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3. VALIDATION OF INSTRUMENTATION

Microphones were located at é60m, 100, and 140m from o sound
source {BA&K4224) which was a loudspeaker simulating a vacuum
pump with the spectrum shown in Figure 2,
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Dual channel recordings were made for each reference position
and their coresponding bearings with respect to magnetic North
were deduced from the visual afignment of a magnetic compass.
Recording was also moade of ombient ngise with the source
switched off to ensure that the source noise levels were above
background. Subsequent analysis in the laboratory was aimed at
identifying the reference position that resulted in o time delay close
to the maximum expected. This confimed that these results
corelated with the known direction of the simulated source
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4. RESULTS

Figure 3 shows a comparison of the frequency spectrum of the
simuloted source (at a distance of 140m) with that of the
background noise. The pump noise spectrum s generally
broadband but with a dominant peak. in particular, levels below
500Hz are in excess of background ncise. The characteristic peak at
195Hz exceeds the background by 18dB. Figure 4 shows the
comesponding time delay between the two microphone signals.
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The onalysis of the recordings for impulse response functions
yvielded time delays for various microphone positions, Table 1 shows
typical time delays obtained for a particular inline and offset
scenario at varous distances from the source. It indicates the source
bearing deduced from the fime delay measurements as well as the
reference compass bearings from the field survey.

TABLE1 SOURCE INLINE SOURCE OFFSET
Distance from source 60m | 100m { 140m | &0m { 100m 140m

Time Delayims} 580 | 568 | 35 40 35

Microphone bearing * NEDE | nows N13E "LE
daduced from time delay * *

Compass haarings from NGOE | NAW N12E
field survay

5, DISCUSSION

The results confirm the corelation between the visual compass
bearings and those determined by time delay. The apparent lack of
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consistency in Table 1 could be due to a combination of the
following factors:- (@] emors in reading the magnetic compass, (b)
errors in registered time delay due to changes in wind direction and
(c) inodequate phase matching between the two microphones.
Systematic quantification of these emors should lead to increased
confidence level in saurce direction and location investigations. The
results indicote that time delay using impulse response is useful for
infeming the source direction of low frequency sound. The
effectiveness of this approach is enhanced in ,circumstances
wherein a clearly identifiable narow band low frequency energy is
part of an otherwise broadband spectrum {as stated in Ref 4). Wind
speed and direction together with ground absorption can enhance
or degrade the time delay. Ref.3 found that in any cofrelation
methods unfavourable weather conditions can invalidate source
location,

6. CONCLUSIONS

This investigation of impulse response function has shown that it con
be useful in tocating the direction of a low frequency noise source.
The source spectrum should ideally be broadband with identifiable
narow band energy. Situations in which the method could be
utilized are in location of a broadband source such as would be
expected from a major industrial facility with many noise sources
albeit with dominant low frequency components. Wind speed and
.direction can enhance or degrade the fime delay. Further work is
necessary to quantify these aspects and to investigate real sources.
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