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INTRODUCTION

Although the flyover-poise testing procedures of aeroplanes for noise
certification purposes are well established, theilr limited data eviden-
ce for other applications, such as comparisons, are frequently subject
to misinterpretation. This is particularly the case, if technical im-
provements leading to "acoustical changes™ are to be verified by com-
parative tests. Without an in-depth understanding of the inherent sta-
tistical error of flyover-noise data wrong conclusions and expensive
but uneffective developments may result.

CERTIFICATION VERSUS COMPARATIVE TESTING

Obviously, the simple approach of averaging a number of n maximum fly-
over-noise levels Lij to establish a mean
n
L, =1/ 1%1 Ly t1)
and fulfilling the certificaticon wvalidity requirement, that the confi-
dence interval must not exceed a limiting value (with an error proba-
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whers tp_j;q,1 1s the Student-factor, does not allow a comparison of
two means Ly., L., since necessary statistics are lacking. Within a
comprehensive empirical study it had been shown, how general precision
parameters of flyover noise can be estimated, including repeatability,
reproducthility and eritical differences [1]. In order to trace small
noise level differences - occurring £.1. with changes in propeller
speed, blade loading, exchange of propellera or exhaust mufflers - ,bas-
ic statistic test methods on measured nolse data had been applied to
preve significance of acoustical changes. Some experience cbtained in
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testing normality of noise-level series distributions through the Wilk-
Shapiro-test [3], and a subsequent two-sample-t-test for indepent ran-
dom samples, or the nonparametric Wilcoxon-test for two tndependent
samples, were reported in [2).

IMPROVEMENTS IN SIGNIFICANCE TESTING

Statistical evaluation of measured data from flyover noise tests always
suffers from the prohibitively small sample-sizes (i.e. the number of
flyovers), and the lack of eguality or homogeneity of variances of the
different samples (flyover test series) which are to be compared. Three
methods, used individually or successively combined, may offer improve-
ments in significance testing, specifically
1. Increasing the number of flyovers n,
2. Reducing the variability of noise-level series from successive
flights by matched-pair testing of aeroplanes,
3. Using the spectral information contained in the noise time-history
instead of the customary single number value only.
The first method achieves only a limited imprevement, because the maxi-
mum number of valid flyovers is usually dictated by the stability of
meteoralogical conditions. A change, especlally by wind and atmospheric
turbulence, results in large variations of the measured Lpspax-level
-series, leading to larger variances, while the standard errors of the
means diminish only with 1/¥n. The second remedy would yield optimum
results, because different aeroplane configurations would not be tested
subsequently within inherently larger time spans, but rather simltane-
ously. Therefore paired-, or connected-samples statistlc testing could
be applied, with considerable reduction of the sampling error and better
resclution {t-tests for pairs with normal distributed pair-differences
or nenparametric Wilecoron matched signed-rank test). Unfortunately,
the large expenditure for this kind of flight- test procedure seems on-
ly feasable for aircraft manufacturers.

Since & substantial improvement apparently cannot be achieved by the
flight test procedures, we ought to concentrate our attention to the
evaluation of information contained in the whole flyover neise time-
history, especially the (time dependent) spectra. Use of only Lpsmax.
as a single value descriptor of the flyover-noise, seems a waste of in-
formation. As a first step, at least one spectrum for each flyover,
preferably at the time of Lagmax. should be determined. It must be es-
tablished however that consecutive band levels within a spectrum, tak-
en simultanecusly, are random, i.e. statistically independent.

The applied procedure for spectral analysis and subsequent statistical
comparison of spectral means or averages as measures of overall levels
by cne-way analysis of variance (AOVONE} is discussed in the following
example.,

PROOF OF SIGNIFICANCE FOR & SMALL MEAN NOISE-LEVEL DIFFERENCE

The case of one propeller-driven aercplane is considered, which made

122




SIGNIFICANCE TESTING

four passes each at two barely different propeller speed settings of
2500 and 2550 RPM. Fig. 1 shows the measured Lasmax-levels of both se-
ries, Cbvicusly, the resulting difference of the means of both series
{groups) is very small, hardly exceeding 1 dB. A subseguent t-test for
independent samples normally distributed, yields only marginal signi-
ficance at an error probability level a=0.05. The figure alsc shows that
the highest ranked noise level of the First series falls well into the
range of the second series. One should, however, be cautiocus to assume
this value to be an outlier, because in this case one mean value out of
a total of only four would have to be discarded. Te ¢larify these find-
ings, third-octave band analyses was performed on the data. The A-welght-
ed spectra were triggered at the time of Lpagmax- AN averaging time of 2
seconds, equivalent to the time constant "slow" of a sound level meter,
was chosen. (It should be mentiomed that these settings are not neces-
sarily an optimum for the following statistical investigations!)

Fig. 2 shows the resulting two groups of four spectra each. An inspec-
tion simply by eye-averaging over a dozen frequency bands and four spec-
tra for both series, resp., would not yield any enlightenment There-
fore a one-way analysis of variance (ROVONE) for the comparison of the
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individual means {and greups In a further stage} is applied, and the
means or averages taken as a measure for the spectral sums because of

equal sample sizes (number of bands).

This AQVONE tests, whether ob -

served differences between means are random {and therefore accidental)
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or whether the sample-means indicate different populations.
The following steps are necessary for the evaluation, whereby the first
three are preparational: ,
1. Arrangement of the spectra for both test series in colunns, ranked
with respect to the magnitude of their means, thus forming two groups.
2. Linear transformation of the columns by one common average spectrum
in order to reduce systematic variability due to the spectrum shape.
3. Testing the columns with respect to randomness with a Neuman-Moore
mean-square successive difference test [3].
4. Proof of equality of spectral means within each group (test-series)
by AOVONE.
5. If rejection of equality occurs, then an assessment of linear con-
trasts after Scheffé& (3] determines whether the diverging mean is to
be discarded. . .
6. A final AODVONE over all means tests homogeneity. If rejected, a least
significant difference (LSD) test proves the existance of groups [3].
The preliminary AOVONE for both seriaes separately showed equality of
means for the second flyover-series spectra, but rejection occurred for
the flrst set. A subsequent assessment of linear contrasts indentified
the fourth ranked spectrum of the first series to be the cause for dis-
turbance of homogeneity which could be restored after discarding this
flyover spectrum. A further AOQVONE concerning the total remaining seven
spectra led to a rejection of homogenelty of the seven means and a final
modified LSD-test led to forming two homogenecus groups of means, the
first series' three, and the remaining four, now however on a highly
significant error probability level a=0.01.
CONCLUSIOCNS

It has been demonstrated, that flyover noise measurements can be evalu-
ated for significance testing by frequency analysis and appropriate an-
alysis of varlance technigues, not withstanding that only a very small
number of overflights were available. This is of course only possible at
the expense of additional processing. The procedure may seem to be some-
what tedious, but the availibility of real-time analyzers and computers
would make this statistical test procedure routine. With more appropri-
ately processed spectral data, constant confidence limit averaging, and
use of more informaticn from the noise signal £.i., reliable statements
with very high precision can be made from field noise-tests, whereby
the scatter of the criginal data should not be discouraging.
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