Newport Beach, CA, USA

inter-nolre

1995 July 10-12 @

REMARKSONNOI SELEVELSOFLOW FREQUENCY IM PUL SE
SOUND FOR CORRELATIONPURPOSESWITH ANNOYANCE

Karl-Wilhelm Hirsch

Insti tutfuer Laermschutz, Arnhei mer Stral3e107, D-40489 Duessel dorf, Ger many

INTRODUCTION
Much work has been done finding assessment rulesfor the annoyanceto low frequency shooting noiseinthe
vicinity of military installations. Thegeneral way to find theserulesisto correl ate measured human response
(‘annoyance’) to predicted physical sound levels (‘ correlation levels'). The general results are so-called
‘penalties’ which have to be added to the predicted sound level to yield arating level. Thisrating level is
equivalent, with respect to annoyance, to the noise level of standardized steady state noise situation like
traffic noise. Therefore, this procedurefor finding penalties and itsresults and conclusions depend strongly
on both the concept of annoyance and the concept of correlation levels.
Mostly, relevant investigations focus on the human response measurements, the human side of the prablem
which involves many uncertainties because humans provide the responses. This is an open field for
sophisticated analysis and discussion.
More rarely, investigations discuss the correlation levelsin principle or in detail, respectively, the physical
side of the problem. The appropriate correlation level isnormally said to be the sum of acoustical energy or
power reaching peoplesears. Thispaper triesto point out that thereisaneed for moreor evenfor something
different than that, in order to find a good correlation partner to human response.

REASONS FOR STATISTICS

Isnoiseload areliablecor relationlevel?... Thefirst reason for doingstati stics. For longterm aver age
predictions,thecor relationlevel must tradetheef fectsof many dif ferent sour cesindifferentlocationswith
dif ferentnumbersof eventsfor acertainperiodof ratingtimeandfor acertainrecei ving site. Fromapracti cal
or rat her theoreti cal point of view theap propriatephy si cal soundlevel shouldbeanene gyequivalentlevel.
Only anener gy equi valentmeasurecanbeaddedfromincoher entstochasticactingsour c es. Theselevel sare
of tentermed ' noi seload’.

Accepting this statement is a crucia step. In doing so, we not only define the basic level concept but also
enforce the answer to a complicated question on the human side of the problem: We indirectly provide and
pre-defineasimpleruleof how to add up annoyance. We do thisbecause we normally want to correl ate both
measureslinearly to get aconstant penalty. So, beforeaccepting noiseload ascorrel ationlevel we should test
the addition rule of annoyance (equal-energy law) for low frequency impulse noise.

Some recent investigations (/1, 2, 3/) can help to decide this test. Laboratory tests in redlistic free field
conditions show that this concept holds for annoyance with traffic noise. With the same test condit ions,
so-called paired comparison tests indicate that the annoyance with high-intensive blast sounds increases

approximately at twicetherate compared to the annoyance with traffic noi se having the same sound energy.
Thismeans, theequal -energy-law doesnot seemto betruefor blast noise. If weaccept thisstatem ent, we can



not usethe concept of noiseload onthephysical sideto provideareliablecorrelationlevel. Wemust provide
the level for every single event and cannot add anything on the physical side.

For long term average predictionsfor blast noise, thisrequirement leadsto arather new field on thephysical
side of the problem. We must analyze and provide single event levels from the level distribution ofblast
noise levelsat al receiver sites. Thisisthe first reason to investigate the level statistics of blast noise.
Even if weusenoi seload! ... Thesecond reason for doing stati stics. Thereisasecond reasonfor doing
stati sticsevenif noi seloadisusedascor relationlevel . For low-frequency, high-energy w eapon bl asts, sound
propagationmodelsfor noi seassessment pur posesnor mal ly start withasour cesoundlevel (emissionlevel
anddi recti vi ty pattern), consi derwell knownphy si cal propagationphenomena(geometricat tenuationand
absoptioninair) and add cor rectionstotakeintoac count vario usinfluen ceson sound propagationthatare
notclearlycal culable(prevai lingweat her conditions,|landsurface, etc.). Normal ly, afit ting pro cessto mea
suredlevel sdeter mi nesthesecor rectionsandtheir coef fi cients, respecti vely.

The sound propagation model proposed by the IfL (Institut fuer Laermschutz) and used in Germany to
predict the noiseload in the vicinity of military training grounds provides three of those corrections. Up to
now, their coefficients are determined by a heuristic estimation. Because of this, the model predictsin most
cases ahigher level than measured in test series. Additionally, these tests must be performed in down wind
conditions according to general rulesin German acoustical standards saying that noise load valuesused for
noise assessment ought to be valuesfor good sound propagation conditions. If astandard will useand define
thismodel, we al so heed to standardi ze the method for how to find the coefficients. For this purposethelevel
distribution also will be needed.

STATISTICAL ANALYSIS

How to find infor mation about level stati sticsof blast noi se... Available physical models describing
sound pro pagation of im pul sesarenot abletoyield any infor mation about level distri butionsbecausethis
distri butioniscloselyrelatedtothestati sticsof weat her condi tion. Uptonow, weat her dataarenotincluded
inthesemodels.

Some experimental databases of blast levels exist. However, those databases are normally archived under
special test condition serving the dedicated goal of that investigation. We need to get information about the
level distributioninadatabasethat providesdataunder random weather condition; assorted wind speeds and
wind directions, temperaturegradients, etc. And thisdatabase should have asmany entriesaspossi blefor the

same blast source.
SCHOMER et. al. present such adatabase in /4/. This database holds 2940 single event levels (CSEL )for 4

distances (3.2 km, 8 km, 16 km, 24 km). It meets the major requirements mentioned above because 735
demolition tests of C4 (2.27 kg) were measured simultaneously in four directions 90° apart. This drectly

randomizes wind influences.

Inarevised analysisof that database/5/, SCHOMER and LUZ treat all dataasif they are part of two normal

distributions, following a suggestion by LUZ /6/. They call these distributions ‘upwind’ and ‘downwind’

distributions. These names are for labeling purposes; not for explanation purposes. Plotting the datato a
‘normal probability’ scale, they estimate the relevant coefficient of their hypothesis of the composite of two
Gaussian distributions. Their published results are encouraging.

Datacor rection. Thefol lowingsequenceof fi guresshowstheresultsof amorenumeri cal methodtoanaly-
zethedistri butionof level susingthesamedatabase. First of all, thismethod cor rectsthedatawith re spect to
non-measuredval uesduetoback groundnoi se. Thisprocedureassumesthattheprobabi ity of finding alevel
of 65dB(CSEL ) intheen sem bleof measuredlevelsof thedatabaseis50 %; theprobabi lity of finding 76
dB(CSEL)isassumedtobe75%. Usingthesevaluestoestablishasimpleex ponenti al tran si tionfunction,
wecancor recttheenti relevel distri bution.

Using the corrected set of data, adedicated numerical regression processis started to find the best fit tothe
hypothesis. Thisnumerical process minimizesan error sum to optimizethe set of 5 parameters provi ded by
the composite of two Gaussian distributions. These parameters are the two means and two standard

deviations for the upwind and downwind distributions, respectively, and the percentage of samples
belonging to one of the distributions.



As an example, fig. 1 shows the plot of the
levels at a distance of 8 km with a normal
probability scale. The sequence of ‘*’ signs
denotes the original data and the sequence of
‘+’ signs denotes the corrected data,
respectively. The solid lines represent sample
probability distributions produced by a
Gaussian random generator with the
appropriate parameters.

Results. Tab. 1liststheparameter setsfor each

of the 4 distances. In addition, the columns of
mean, standard deviationand per centagepro-

vi de,inbrackets, the' fi gureof deter mi nation’
of that parameter. Inthiscontext, this‘ fi gureof

deter mi nation’ mustbeaddedtothat parameter

toincreasetheer ror sumby just 100 %. Thisfi-
gure is helpful for estimating the relative de-
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Fig. 1 Probability distribution of 2940, 2.27 kg blast

C-weighted sound exposurelevelsat 8000 m,
measured(*),corrected(+) and hypothesis(— )

greeof certainty (or deter mi nation, or reliabi li ty) for every parameter of themi nimi zationprocess. Ingene

ral, theparametersof thedownwinddistri bution
aremore cer tain than the parametersof theup -

wind distribution.However, the meansseem to
bevery certain.

The magjor goal of this analysisisto describe the
dependency of the level distribution on distance.

Therefore, the following figures show all five
parametersversus distance. Each figure givesan
approximation function to describe this

dependency. The analysisyields4 meansfor the
4 distances. Fig. 2 denotesthesemeansas‘*’ and

‘x* for the downwind and upwind distribution,
respectively. In addition, the level at 250 m
distanceiswell knowntobe118.5dB(CSEL ) for

the charge under consideration. The fitting

function has to take this into account. So, the

. L Standard de.| Percenta
Distance| Digtribution | M ean (d) viation(d)| ge(d
[m] [dB] [dB] [%0]
3000 |downwind 925(09)] 68 (0,8)] 500 (6,0)
upwind 735(16)| 145 (6,9)] 50,0
8000 downwind 850(1,0)| 60 (2.2)| 47,0(10,7)
upwind 56,0(3,1)| 19,0(10,7)] 53,0
16000 downwind 78,0 (1,5) 6,8 (2,1) 40,0 (12,5)
upwind 435(2,0)| 22,7 (13,8)| 60,0
24000 downwind 77,0(1,3) 58 (1,3) 18,0 (5,6)
upwind 35520 145 (7,2] 820

Tab. 1 Optimi zedparameter setsofthecomposi teof both
Gauss andistri butionsineachdi stance.

indicated regressionlinesinfig. 2 are both constrained to meet thisvalue. It issurprising how well the datafit
the straight regression lines, each having one parameter |eft for adjustment.

Fig. 3 showsthe standard deviation for downwind (*) and
upwind (o) distributions including the figure of
determination. Again, the source level isincluded with a

standard deviation of 2 dB for regression purposes.
Inthiscasetheresultsare adjusted to fit apower function.

This serves to provide a mathematical description of the

different increase with distance for each case.

Fig. 4 shows the percentage of events assigned to the
downwind distribution. There are some reasons why the
data should fit to a transition function from 50% to 0%.

Very close to the source, the percentage has to

be 50%

because it is said that wind does not influence sound

propagation in that range. For larger distances the

probability for sound to find good propagation condition
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Fig.2 Meansofdownwind (*)andupwind(x) dis

tri butionsver susdi stance.



a - along its path decreases and tends to zero, eventually.

4 ;..rcddszgt{“;[?/a[:ai " These conclusions are not really fair because we only

2 - _ label the distributions using wind conditions, but never

800 » prooved that thereisany correlation. However, thereisno

T Ll o - simpler function, actually, that makes more sense. A
,:?_ N - straight line, for example, does not make sense.

‘g i - - Themajor goal... Usingtheapproxi mationfunctionsfor

Z:u.-m R [7;- s - —}_ all parameters describing the variation with distance,

‘0 o 588~ Caly2sdn " _ fig. 5presentsthedesi redgoal, thelevel distri butionver

#L 41 wmwaae susdi stance. Fig. 5 showstheset of per centi lesfrom10%

listance o t090% asdashed i nes, theener gy aver agelevel andthe

Fig. 3 Sandard deviation of downwind (*) and

upwind (o) distri butionsver susdi stance level aver ageassolidli nes. Thefirstinter estingresultthat

comesout of thispresentationisthat theener gy aver age

25 fol lowsthe20% per centileat closer di stances. For |ar ger
fu| " distances,all linesandespeci al ly thehig her per centiles
| e neClan ~godownrapidly com paredtothelogarithmof di stance.
wl . Thisisinterestingbecauseit supportstheheuri sticmodel
o S . proposedbyIfL.
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S~ - CONCLUSION
~~-___- Thedescription of thelevel statisticsusingacompositeof
- two Gaussian distributions is reasonable for the database
Ze 9 3 ¢ 20) under consideration. If further experiments, which have
T eroe d to be made, support this hypothesis, the physical side of

Fig. 4 Percentage of levels belonging to the  the problem will take an important step forward.
downwinddistri butionsver susdi stance.
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For the first reasonfor doingstati stics: On the basis

:If \ of this hypothesis it is possi bletoprovi deanstati sti cal

el S ey tyeage single_evmtlevel ._Usi nganappropri_ateparameterset(ap

ol \k . pro priateac cor dingtonum ber of singleeventsfor every

ol ] sour ce, thetypeof sour ce, etc.) itispossi bletopredicta

= =t TN ) :j . reasonableensembl eof singleeventlevelsforcal culating

ol \ . annoyanceequivalentsingleeventratinglevels. Thesum

wf AN \\ of thisratingfor acer tainrecei ver siteisameasurewhich

«cf RN \ - couldcorrelatetolongtermaver ageannoy ancewhichis
UE percent es 177 o A% \\:\:\\\‘\\\' measu redinfidd&]rveys.

A o i st “ . o5 For thesecond reason for doi ngstati sticsis: If we can

[-siemes A show that theparametersof thehy pothesisdonot depend

Fig.5 Field of level percentilesversus distance  on thedi recti vi ty pat tern with re spect to height of dif fe

includingener gyandlevel aver age. rent sour ces, thisresul ting distri bution canhelptointer

pret test seriesinanobjecti veway usingthecor relation
bet weenthe20% per centi e, theener gy andlevel aver age. It hel pstounder standthatitisnecessary tomea
surelevelsindownwind, upwindandneutral condi tionstofindareli ablepredictionfor good’ sound pro pa
gationcondi tionsinaccor dancewithGer manassessmentrules.
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