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The study of traffic noise at roads and highways are perforimedcordance with refer-
ence methodologies adopted as implementation to the Lawneindiment Protection. The
choice of applicable methodology should be based on measmtequality analysis for each
particular case. While estimating the measurement uringrti is assumed that results are
subject of normal distribution. Such solution raises somgbts or even reservations. There-
fore, in the present paper the real statistical distributibroad level noise is examined while
a probe of its influence on value of uncertainty of executedsuements is undertaken.
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1. Introduction

In the last 20 years in Poland the dominant factor affecting the acoustiateliof
the environment is the traffic noise. This phenomenon is directly relatecetoafhd
transportation development in the country, manifesting itself by noticeabledse of
the road traffic. More than threefold increase in the number of registeator vehicles
has been observed in relation to the end of 1980-ties. The annoyatieetansporta-
tion routes is mainly determined by the traffic intensity, structure of the vesicdam
and average vehicle velocity, the type and technical condition of the toéate and
finally by the distance of the nearest buildings from the road edge. attoondition
of the vehicles is also of considerable importance. Therefore anteddesk is the
introduction of regular monitoring in all the areas exposed to noise andbibekaby
human population. The main objective of the monitoring should be the colteofio
information related to the acoustic climate, formulation of reports and csiocis, and
preparation of maps for the most exposed areas.

The studies of traffic noise have proceeded according to the so-callecmce
methodologies [2], being the executive regulations for the Environesiection Act.
The choice of proper methodology for each case should be based andlysis of mea-
surement quality, in particular the analysis of the measurement undgidaihthe costs
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of its evaluation. During determination of the type-A uncertainty it is oftenmesl that

the examined results exhibit normal distribution or in the less-numeraes ¢eé5tudent
distribution. Such an approach raises multiple doubts or even criticismefine in the

present paper the real statistical distributions of the registered 24fic traise levels
have been studied and an attempt has been made to evaluate their etieetuncer-

tainty values for the analyzed measurements.

2. Theoretical assumptions

Periodicmeasurements environmental noiskevels,leadingto estimatiorof equiv-
alent level values (1) for the sounds originating from the road traffégy; be carried out
using one of three methods [11]:

a) indirect method — measurements of individual acoustic events,

b) direct noise measurements with a specified sampling scheme,

c) direct, continuous measurements in a specified time period.

According to [11] all these methods in their basic intentions lead to estimation of
the equivalent sound level value, with the accompanying uncertainty at&iimfor a
given measurement point (1). However in their contents the methodstdipecify the
procedure for estimation of the uncertainty valdebaq, 7.

LAeq,T + ALAeq,T . (1)

Let's remind the fact that the measurement uncertainty is defined dsaf dbtain-
ing an erroneous result from a given measurement (measurgnvelmish characterizes
the spread of possible values, within which the measured value can liedogdh
a satisfactory probability. The measurement uncertainty is usually caedpaf many
contributions, divided into two groups:

type A — estimation of standard uncertainties by type-A method, i.e. the uncertainty
calculation by means of statistical analysis for a series of individual uneamnt re-
sults,

type B — calculation of the uncertainty by means of methods other than the analysis
of a series of results, e.g. following from some experimental chaisiits of the mea-
surement. Estimating the compound standard uncertainty of the measuren(Y’),
one should take into account all the contributiangY’) affecting the measurement
result, calculated by type-A and type-B methods respectively, and gdintl result
according to Eq. (2).

)

The condition for application of the above-mentioned formula is the fulfillnoénhe
assumption of mutual independence and normal distributignY") o (Y)] for individ-

ual measurement errofé;, X, ..., X,,. If the assumption of mutual independence of
random variables is not fulfilled then one has to use the formula taking iouat
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the correlation between the pairs of correlated variables [1]. The auithi@ntionally
skip the description of such a case, because to their best knowledgssihdboccur in
the discussed problem. Finally for calculation of the total extended uitgr{a(Y)
formula shown in Eqg. (3) is used.

UY)=k-u(Y), 3)

where the values of extension coefficiéris assumed ak = 2 for the confidence level
P=1—a=0.95andk =3forP=1—«a = 0.99.

The Central Limit Theorem [3], being one of the basic theorems of mztie
cal statistics, states that the resultant distribution of many independeriandlent
random variables(; converges to a normal distribution, independently of the their in-
dividual distributions. Because of the fact that the measuremenégsas affected by
many equivalent and independent random factors, it is usually @sktinat the distribu-
tion of measurement errors, and what follows, the distribution of fesllts converges
to a normal distribution. In other words even if the individual contributi¢oartial
results used for estimation of the uncertainty valliB ., 7) have been attributed sta-
tistical distributions that are not normal, then the distribution of the resulemmhble
still tends to a normal distribution, provided that there are many contribatingpo-
nents(n — oo) and that there are no disproportionate spreads among the contributing
variables [1].

3. Research material

The research material used for the present study was the data coliectetse
measurements along national roads between June and October oh208polskie,
Podkarpackie an8wigetokrzyskie voivodships. The measurements have been based
the direct method, using continuous 24-h noise measurements, mcctodll, 13].
The measurement sections consisted of two points, located 4 m abovetinel ¢evel.
The reference point (PPH) has been located 10 m, and an additiana(lPDH) about
20 m from the road edge. Noise equivalent A-level has been registerginuously
for 24 h using the FAST meter time constant. The individual results hase S@red
with 1 min repetition rate in the memory of the measuring device (as A-levelaq
lent values for the 1 min period — Lp_1min where: € (1, 1440)). All the data have
been collected in a database structure, containing information regardingise level,
the number and velocity of the passing vehicles and the actual meteoedlogitdi-
tions. For the purpose of the present paper data from 55 measufargnee points
(PPH) have been used. Figures 1la and 1b presents the pictures af tgpacsurement
locations.

The equivalent noise levdl .y, 7, has been determined for each of the monitored
sections with division between the day-time peri@d=€ 16 hours from 6.00 till 22.00)
and the night-time period/{ = 8 hours from 22.00 till 6.00). For every result uncer-
tainty valueALx.q, 7 has been estimated, according to the theoretical presumptions.
The standard uncertainty (type-AJ X) for the data average in one series (for a given
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Fig. 1. a) GP12 — double lane measurement section near mpiessxroad, in a dispersed inhabitation
area; b) SK21 — crossroad measurement section, uninhdbjted) area.

measurement section and time period) has been estimated accordind=tp (4¢ be-

low:
- 2
’LL(Y) _ \/Z (LA;Cl(v;L : i’)AeCIa T) , (4)

wherefAeq, T —average value for a measurement serigsg,, v — results of consecutive
measurements in a series; number of measurements £ 960 for day-time,n = 480
for night-time).

Estimating the standard uncertainty (type-B) the following factors, posaitdyt-
ing the measurement result, have been taken into account:

e directivity pattern of the microphone (the noise source moves along adipep-
dicular to the measurement section line, changing the location angle witctesp
to the measurement section from ab8&ft down-to0°),
calibration of the measuring line,
accuracy class of the measuring device,
wind speed (not more than 5 m/s),
measurement background,

¢ the distance from PPH to the road edge.

Finally the total extended uncertainti(}Y") has been estimated using Eq. (3), and
assuming the extension coefficiént 2 for the confidence levdP = 1—a = 0.95. For
all examined 55 measuring points (PPH) the night-time measurementaincgdoes
not exceed the value of 1.8 dB, and in the day-time the value of 1 dBIlfi4hble 1 a
typical uncertainty budget has been presented for a PPH point in aireeznt section.

Additionally, using the average values and standard deviations, the laistagm-
sistency with the normal distribution has been evaluated separately forykamke and
night-time distributions. This has been done using the Lilliefors test and th@rdd<
gorov—Smirnov test. If the test probability value is less than the assuméidienace
level (p = 0.05), then the hypothesis stating that the examined distribution is consis-
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Table 1. Uncertainty budget for a 24 h traffic noise measurement intd pdint 10 m distance from the

road edge.
variability standard Extended
range uncertainty | uncertainty
+ dB dB [95%)] dB
Type B uncertainty
microphone calibration 0.3 0.2
microphone directivity 0.2 0.1
meter accuracy class 0.3 0.2
distance from the source 0.2 0.1
wind speed 0.3 0.2
Type A uncertainty
day-time 0.75 0.25
night-time 2.06 0.69
Compound uncertainty
day-time 1.18 0.45 0.9
night-time 1.94 0.78 1.6

tent with a normal distribution should be rejected. Figure 2 presents théndayoise
level distribution for the PPH — SK22_1 point, together with the best fitting abrm
distribution. Accordingly Fig. 3 presents the night-time noise level histogmanthe
PPH — GP12b point together with the best fitting normal distribution. Theseases
have been shown on purpose. Figure 2 represents the best carrelege level density
distribution, highly similar to the Gauss curve. It can be directly seen andatiss
also confirmed by the confidence level value obtained from the d Kolmeg&mirnov
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Fig. 2. Histogram of the day-time noise level distributiar PPH SK22_1: d Kolmogorov—Smirnov
p < 0.06, Lilliefors p < 0.01, N = 960, Mean = 70.4, Stand. dev. = 2.4, Max = 85.5, Min = 60.
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test(p < 0.06), which allows the acceptation of the hypothesis stating full consistence
with the normal distribution. However the Lillefors test, exhibiting higher disizra-

tive power, shows no correlation between the observed and the edpstabution.
Therefore in the final conclusion the zero-hypothesis is rejected.
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Fig. 3. Histogram of the night-time noise level distributifor PPH GP12b: d Kolmogorov—Smirnov
p < 0.01, Lilliefors p < 0.01, N = 481, Mean = 47.3, Stand. dev. = 14.8, Max = 69.9, Min = 26.

Within a similar procedure, Fig. 3 presents the distribution that is least similheto
normal distribution curve among all the examined distributions. The hstoghown
in Fig. 3 is a typical bimodal distribution. The values of the confidence Ideelsoth
tests are shown below Fig. 3.

In the present study it has been shown with the confidence fevel 0.05, that
no acoustic data obtained from PPH points, both for day-time and night-teasume-
ments, do not exhibit the characteristics of normal distribution. An attdraptbeen
made to fit all the known theoretical distribution to the data obtained from thee me
surements. It turned out that the statistical distribution of noise levels et&iom 55
measuring points is not consistent with any distribution known in the literature.

An extra study has been proposed in order to examine the differerstancke) be-
tween the expected value (mean value of the series of samples), beingximaum
of the normal distribution density function, and the actual maximum of tlenaxed
histogram (the argument value for which the maximum event frequisralyserved in
the real histogram), according to Eq. (5).

ALl == ‘ZAeq,T - max(f(LAequ))‘ 5 (5)

wheref(Laeq, 7) — probability density function for the random varialdl@.q, 7.
Then, theA L, value for each measurement series has been compared with the cal-
culatedo (standard deviation) for the respective series, according to (6)

ALy = \/ Lllaeni L)’ _ np - (6)
(n—1)
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For the 55 examined points only in 4 cases the, value have been found to be less
than zero. It occurred only for night-time measurements with the bimioidedgram
characteristics. The negativ&L, value contains the information that the measured
value (in the present case the noise level) is not contained ptlaeinterval. Therefore

in such a case the application of standard deviation for estimation of typentiard
uncertainty value may induce serious reservations.

An additional hypothesis has been also tested: is it true, in consistence writh o
intuition, that with increasing traffic intensity (provided that its smoothnes®isgoved)
the traffic noise distributions become closer to "normal” ? In order to tisshyipothesis
all measuring points have been divided into four subgroups:

e for night-time data —tip to 1000, “ up to 2000, “ up to 3000, “above 300Q

e for day-time data —tip to 10000, “ up to 20000, “ up to 30000, “ above 30000

Then, applying the variance analysis, it has been checked whetheoritidence
level p = 0.05 there are statistically significant dependencies between the traffic in-
tensity and the deviation from “normality” of the observed histogram, anetler any
such dependencies could affect the uncertainty value estimated acctydormulas
from Sec. 2. It has been found that such a regularity is true in consysteith the pro-
posed hypothesis. Typical results of such analysis have been shdwvig. id for the
night-time data (for all 55 measurement sections) and Fig. 5 for theigeydata.
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Fig. 4. Results of variance analysis for night-time dath; as a function of traffic intensity.
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Fig. 5. Results of variance analysis for day-time daté, as a function of traffic intensity.
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4. Conclusions

In the present paper the authors have examined real statistical distigofi@4-h
noise levels registered in 55 reference points. The measurementalydis have
shown that for the confidence levyel= 0.05 none of the acoustic data series obtained
from the PPH points, neither for day-time nor night-time, exhibits chariatitey of the
normal distribution. Additionally it has been found that the measured disiwilis are
not related to any statistical distribution known in the literature.

On the basis of the completed variance analysis it has been found th&bbidpht-
time and day-time data the observed distributions tend to Gauss distributionthevith
increasing traffic intensity observed in a given measurement sectibaslbeen also
found that for the studies of 24 h levels of traffic noise the estimated vélexdended
uncertaintyU(Y") is correct, in spite of the fact that the assumption concerning the
normality of the density distributions for the individual random variable®idulfilled
(see Fig. 5), with some restrictions concerning the bimodal distributions.

References

[1] ARENDARSKIJ.,Niepewnos¢ pomiargvDficyna Wyd. Politechn. Warszawskiej, 2003.
[2] ENGEL Z., Ochrona Srodowiska przed drganiami i hataséPWN, Warszawa 2001.
[3] LuSNIEWICZ A., Statystyka ogdInsPWE, Warszawa 1980.
[4] Gtéwny Urzad Miar: Wyrazanie niepewgoi pomiaru. Przewodnik, Warszawa 1998.
[5] PN-ISO 1996-1:1999. Akustyka. Opis i pomiary hat&sodowiskowego. Podstawowe wiefiad
i procedury.
[6] PN-ISO 1996-2:1999. Akustyka. Opis i pomiary hatdsodowiskowego. Zbieranie danych doty-
czacych sposobu zagospodarowania terenu.
[7] PN-ISO 1996-3:1999. Akustyka. Opis i pomiary hat&sadowiskowego. Wytyczne dotyczace do-
puszczalnych pozioméw hatasu.
[8] PN-ISO 9613-2:2002. Akustyka. Ttumienie dzwieku pads propagacji w przestrzeni otwarte;.
Ogolna metoda obliczania.
[9] PN-ISO 10012-1:1998. Wymagania dotyczace zapewaigkdci wyposazenia pomiarowego —
System potwierdzenia metrologicznego wyposazenia pomEgo.
[10] Podrecznik elektroniczn@tatistica 6.0 StatSoft Inc. 1984—2001.
[11] Rozporzadzenie Ministr&rodowiska z dnia 23 stycznia 2003 r. w sprawie wynimagezakresie
prowadzenia pomiaréw poziomoéwsvodowisku substancji lub energii przez zarzadzajackegga,
linia kolejowa, linia tramwajowa, lotniskiem, portef@z. U. Nr 35, poz. 308).
[12] Ustawa z dnia 27 kwietnia 2001 r. Prawo ochrd@gmpdowiska (Dz. U. Nr 62, poz. 627 i Nr 115,
poz. 1229 z pdzniejszymi zmianami).
[13] Wytyczne wykonywania pomiaréw hatasu przy drogactdwgch prowadzonych w trakcie gene-
ralnego pomiaru ruchu. Biuro Ekspertyz i Projektow Budatiwa Komunikacyjnego ,EKKOM”
Sp. z 0.0., Krakéw 2005.

[14] WszoLEKT., KEACZYNSKI M., WszotEK W., Estymacja rozktadu dobowego hatasu drogowego
Materiaty XXXIV ZSZZW, Ustrah 27-02.-3.03.2006.

[15] WszotEKT., NiepewnoSt pomiaru i prognozowania poziomu LDWN hatasgaivego Materiaty
Konferencji OchronySrodowiska, Wroctaw 26-27.04.2006.

[16] WszotrEK G. ENGEL Z., Investigations of uncertainty of acoustical measurningtrimments ap-
plied to noise contrglArchives of Acoustics29, 2, 283-295 (2004).



