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A comparison has been made between the statistical distributions of data Sets acquired
Y sampling the conventional exponential time-averaged (RMS) sound level ‘and the
alternative short time-average sound level (Leq).

greater than 4 Hz, when combined with low-pass digital filtering, permits data
interchange bétween short time-average ang exponential time-average levels and
vice-versa from the same input signal.

control levels as s the case in Mmany noise nuisance Procedures.
However, the adoption of shorter sampling intervals together with low-pass digital
filtering permits these values to be accurately obtained.,

With the exception of the Characterisation of maxima -and minima the statistical
distribution of the temporal variability of different noise climates was found to be stable
despite Sample rate degradation to 0.25 Hz. .

Thus there s g trade-off between capturing sufficient data to permit the accurate
capture of maxima and minima, and sufficient data to Characterise the temporal
variability of the noise climate,
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TIME AVERAGING

The purpose of any averaging technique is to reduce the volume of data needed to
characterise the actual input signal without any significant loss of information about
amplitude changes. . In the case of averaging soundlevels it is important not to lose any
significant energy associated with level changes in order than this objective can be met.

The energy -content of a sinusoidal signal has. traditionally been characterised by the
generation of a root-mean-square. value (RMS) which is obtained through a running
exponential time-average. Sound level meters have for 50 years been designed in this
manner and the resulting continuous signal has been a close but imperfect analogue of
the real-world continuous input.

In statistical dlstnbutxon analysis this continuous signal is sampled at suitable intervals
to generate a data set from which the familiar exceedance levels are calculated. There
are however no standards to define the rate of sampling.

An alternative to exponential time-averaging is linear time-averaging whereby the
energy content of a temporally variable signal is accumulated and time-averaged over
the accumulation interval.

The two alternatives are illustrated graphically below :-

2/T = 1/RC

Linear time-average

Area = Areat + Area 2

1T
Exponential time-average
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Whilst traditionally a continuous average over a long time interval is used to calculate
the linear time-average level Leq, by choosing (tz - t1) to be a short interval then a
discrete series of linear time-average levels can generate the data set to characterise
the temporal variability of a noise climate. A linear time-average interval of 2 x 7 wil
permit the linear average to-accuratsly Capture the energy content of the continuous
signal. (Ref 1). - . - ' KRR :

However, whilst a data-set so generated would adequately Characterise the temporal
variability of the input signal it would not permit the modelling of a continuous,
exponentially time-averaged signal to generate the accurate measurement of an RMS
maximum or minimum level.

This short-coming can be overcome (Ref 2) with the use of a digital low-pass filter which
has the following equivalent circuit :-

Vo[
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The filter characteristics and sample rate are related by the function

af=1-gat

where = % andt = sample rate
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For a range of sample rates we can calculate the filter characteristics as follows :-

ts af
0.01 0.0769
0.1 0.5507
0.125 0.6321
0.1875 0.7768
0.25 0.8647
0.5 _0.9817
1.0 0.8997

Thus IEC-651 Fast time-weighting can for example be modelled by a 0.1875 sec linear
average (3/2 x 0.125s) and a one-pole digital low-pass fiter with the required
characteristic, which was the case in a data acquisition system designed in 1979
(Ref 3). As the above table illustrates almost any sample-rate can be combined with a
suitable low-pass digital filter characteristic so that it is feasible for instrument designers
to primarily collect data as a linear-average or "dose" and then post-process it to obtain
exponentially-weighted levels. Equally it is also true that continuous exponentially-
weighted levels can be digitally sampled and the linear-averaged levels calculated from
the samples. ‘ :

In order to'practically test the comparability of data sets obtained by the two alternative .
averaging techniques two differerit data acquisition systems were selected:

1/. CEL-393B Precision Computing Sound Level Meter uses primary data
processing to generate an exponentially weighted time-average which is digitally
sampled to generate linear time-average and statistical exceedance levels.

2/. CEL-493/238 Precision Sound Level Meter and Analyser which uses exponential-
 average primary processing but which allows the user to select between data
storage of time histories as either sampled RMS levels or short-Leq levels.
A CEL-393B Precision Computing Sound Level Meter was used to perform in-situ
calculation of Laeq, LAMAX, LA10, LAso and Lago and simuitaneously to provide a wide
dynamic range AC signal for tape recording.

Four different noise climates - Industrial Noise, Ambient Noise, Traffic Noise and Aircraft
Noise - were analysed in this way and simultaneous tape recordings were obtained.

The recordings were then re-analysed in the Iéboratory to verify the tape recordings.
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and the ensuing data sets were downloaded from the CEL-238 to an IBM PC-AT via the
RS-232C serial interface for disk archiving. The data files were subsequently imported:
into Lotus 1-2-3 where it was a simple task to analyse the linear time-average data sets
into statistical distributions which could be compared with all the other analyses.

RESULTS

The measured results, together with computed standard deviations are shown below.
Good agreement was obtained between in-situ and post-recording measurements,
acress both measurement Systems and across all noise types. Somewhat surprisingly
even when the time-history was characterized by 4 s linear-averages both the
energy-content of the time history and its temporal variability were correctly obtained in
comparison with sampled 0.125 s exponential-weighted levels. Across the metrics
LAeq, Li10, Lsg, Lgo and all noise types the maximum standard deviation was 0.75 dB.

Considerably greater variability was obtained in the determination of the LAMAX

resulting in standard deviations of 2 dB(A) for industrial noise and 4.27 dB(A) for traffic
noise.’

CONCLUSIONS

Even when the periodic averaging interval is extended to 4.0 sec both the overall
time-average level Leqg and the statistical distribution parameters L1o, Lso and Lgg are
correctly determined. However, at the distribution tails, differences between periodic
linear time-average levels and exponentially time-averaged levels can be detected. All
the linear time-average - single value maxima tend to underestimate a sampled
. ©xponential time-average level when the T = 2 x ¢ criterion is applied. This
underestimate is capable of correction by the use of a digital low-pass filter and the
choice of a suitable time-averaging interval, '
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Reference 3
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RESULTS APPENDIX

Mean And Standard Deviation
dB(A) AIRPORT AMBIENT | INDUSTRIAL | TRAFFIC
Parameter |Mean SD |Meéan SD |Mean SD |Mean SD
Lmax 923 0.30 | 66.4 0.57 | 886 200 | 8.5 4.27
L1o 820 020 (614 019 |[755 041 |.796 0.10
Lso 636 036 [ 542 046 (675 075 | 790 0.05
Leo 54.7 020 | 518 055 570 058 |788 0.05
Leq | 79.3 005 | 576 = 0.00 | 727 0.41 794 0.19
Airport Noise
DATA TYPE CEL-238/393 CEL-238/493
dB(A) |RMS |RMS |RMS [RMS | 05s | 1.0s | 2.0s | 4.0s
Parameter | Fast | Slow | Fast | Slow Leq Leq Leq Leq
Lmax 92.7 92.1 927 | 921 | 924 g24 | 921 91.9
L1o 815 |'820 | 820 |80 |820 |820 |820 |822
Lso 630 [ 635 | 635 |635 638 |636 |634 |643
Lso 545 | 545 | 545 | 545 | 549 |549 | 546 |549
Leq 79.2 793 | 79.3 79.3 | 79.3 78.3 79.3 79.4
Ambient Noise
DATA TYPE | CEL-238/393 CEL-238/493
dB(A) RMS | RMS | RMS |RMS | 0.5s 1.0s | 2.0s | 4.0s
Parameter | Fast | Slow | Fast |Slow | Leq Leq Leq Leq
Lmax 67.4 €6.7 | 669 | 66.0 | 66.4 66.1 66.0 | 65.7
L1o 615 | 615 | 61.5 | 61.0 | 615 613 | 61.3 | 8B1.2
Lso 535 | 535 | 540 |545 | 543 | 543 | 54.3 54.8
Loo 510 | 510 | 515 | 520 | 520 |520 | 523 |5%4
Leq | 576 | 576 | 576 | 576 | 57.6 576 | 57.6 57.6
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Industrial Noise

DATA TYPE | CEL-238/393 CEL-238/493 ’
dB(A) |RMS |RMS | RMS |RMS | 05s | 1.0s | 2.0s | 4.0s.
Parameter | Fast | Slow | Fast |Slow | Leq | Leq | Leq Leg
Lmax 923 | 863 | 919 |857 |89.2 |824 |81.7 |824
Lo 795 | 795 | 795 | 795 | 796 |79.7 | 797 |797
Lso 790 | 790 | 790 [79.0 | 791 |791 | 791 |790
Leo 785 | 785 | 785 |785 |786 |786 | 786 |786
Leq. 797 | 796 | 793 | 793 | 793 |79.2 |792 |79.2
Traffic Noise
DATA TYPE | CEL-238/393 CEL-238/493
dB(A) RMS |RMS | RMS |RMS [ 0.5s | 1.0s | 2.0s [ 4.0s
Parameter | Fast. | Slow | Fast | Slow | Leg Leq Leq Leq
Lmax 914 | 892 [ 900 [87.7 | 896 |882 | 87.7 |847
Lo 755 | 760 | 750 | 750 | 753 |753 | 755 |76.1
Lso 670 | 685 | 665 |680 |66.8 |[67.0 |680 |682
Leo 570 | 575 | 565 |575 | 5684 |566 | 56.7 |580
Leq 734 | 734 | 725 | 725 [ 726 |725 | 725 |725
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