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INTRODUCTION

Up to now, many methods for estimating the statistics of road traffic

noise have been proposed under the introduction of specific vehicle

distribution models. such as an equally Spaced model. an exponentially

distributed model, or an Erlang distribution type model, especially in

a simplified sound propagation enviroxment such as a free sound field.

In the above theoretical methods, however, the statistical information

on headway distribution as well as the statistical property of number

of vehicles flowingon the road perunit time interval are fundamentally.

necessary to estimate the statisticsof road traffic noise fluctuation:

But,it is.in general, difficult to grasp the headway distribution form

in an actual observation.

From the above practical point of view, in this paper, a simplified

method for estimating the evaluation indicesof road traffic noise such

as median, L5 and L10 (in general, Lx: (lOO-X) percentage point of noise

level distribution) from only the statistical information on number of

vehicles flowing on the road per unit time interval is newly proposed.

Concretely, anew explicitexpression oftheprobability density function

for the noise intensity fluctuation. from which every noise evaluation

indices like Leq, variance and LX can bederived, is firstly found from

the theoretical point of view, by newly introducing the multiplication

type model for random process fluctuating only in positive region and

the Mellin transform type characteristic function method.

For purpose of finding an effect of statistical properties of number of_

vehicles on the resultant intensity distribution form of road traffic

noise, the noise intensity distribution expression is theoretically

derived ina general expansion form takingthenoise intensity distribu-

tion function in a typical case when the number of vehicles flowing on

the road per unit time interval is constant into the first expansion

llw



 

S. Yamaguchi and H. Ohta
——

term. Finally, the above theoretical estimation method is experimentally
confirmed by applying it to the actual road traffic noise data.

THEORETICAL CONSIDERATION

Probability density expression for random noise intensity fluctuation
based on multiplication type model

Let Z(t) be the noise intensity fluctuation wave of arbitrary probability
distribution type. And suppose that 2(t) is constructed as the product
of two different random component processes,x(t)'and U(t), fluctuating
over a positive semi-infinite region (0,”). and that the choice of the
probability density function formof fit) is quite unrestricted. At this
time, we can describe 2(t) by the multiplication type model as follows:

z(t) - x(t)xu(t) ( X(t),U(t)>0 ) , (1)

where the probability density function form of a component process, X(t) ,
is .already known or is advantageously established in advance to our
statistical noise analysis.

In order to derive an explicit expression of the probability density
function; Hz), for an. arbitrary noise intensity fluctuation Z(t) es-
pecially based on the probability density function, Px(X), of random
process X(t).' we newly introduce aMellin transform type characteristic

function, H;(s), defined as [l] :

Ham 9 m[P(Z)] = I: zs'lnzwz . (2)

By substituting Eq.(l) into Eq.(2), we can easily obtain

1110:) 5 I0” xs'lpxm[fi‘ua‘lpwlxmuux , (3)

and the above expression becomes

ma) — H,(s)xuu(s) . (h)

in a special case when the random variables X and U are statistically
independent of each other. Hereupon. MAS) and flu“) are Hellin trans—
form type characteristic functions for random variables X and U respec-
tively. The above relationship. Bq.(lo), makeaastriking contrast to the
well—known Fourier transform type characteristic function suitable for
a random process described especially by the addition type model [2].

Now, in Eq.(3), by carrying out Il‘aylor's upansion then: on the part
in the square bracket, we can easily obtain

a.

H'(s) - 1;“xs'1rxm z b1(x)(srl)idx
i=0

- z (3-1)1[Px(x)b1(x)l (5)
i-O
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with i
1 d w s-l ' i

him = u 17(ulxmul5=l = l~<(an) |x>U . (6)

 

After making use of the following formula obtained from the definition

of the Mellin transform: '

(-1)“(s-1>“m[£(x)1 = mufixfiuxn . (7)
we can easily derive the following relationship (see Eqs.(2) and (5)):

Imzs‘lmm = WK"1 2 (-1)‘( dd—x)i{b1(x)Px(x)}dx. (a)
a n i=0 x

Since the right—hand side of Eo.(8) is expressed in the form of a defi-

nite integral. it is possible to change the integral variable X to 2.

Thus, we have -

fomzs'llr(z)—Eo(-1)i(fizyiugmxumaz = o . (9)

Since 5 in Eq.(9) is quite arbitrary parameter, the following relation

must be satisfied:

P(Z) (-1)‘(-:—Zz)i(bi<z)rx(z))E
i=0

i
= Z$+(%2)1{<(an)1IX=Z>UPX(Z)}- (10)

 

Especially when Xanduare statistically independent of each other. the

above probability density apression can be rewritten as follows:

a - 1
pa) - [(11—2<(lnu)i>U(-Edz-Z)1PX(Z) . (11)

i=0 I

From the above theoretical result. we can find that the probability

density expression, NZ), for a general random noise intensity fluctu-

ation, Z(t), described by the multiplication type model in liq.(l)I can

be expressed ina universal expansion form. In this form of probability

density expression, the probability density function, PX(X), of an

arbitrarily introduced component random process X(t) is taken into the.

first expansion term. The effect of statistical property of Mt) on the

resultant probability distribution form is reflected in each expansion

term.

Application to the statistical estimation problem of road traffic noise ‘

Let us consider the road traffic noise shown in Fig.1. The noise intensi-

ty. 1, originated from the traffic flow, at an observation point, can i

be given as follows:
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A nA .
1= 2 : NA'Hxi). (12) L ° L

i=1 i=1 _+"°'°—°——‘_°i ‘7‘ °+°'—
r"‘*

In the above equation, A is :

the. number of different bobsenation point

types “mu-€16" “Hermes Fig.1. Model of traffic flow on straight
the number of the A—th type .

vehicles located in the mad' (0 'v)' “shiele types'

arbitrary line section [—L,L] of the road, w)‘ is the random acoustic

power of the A—th type vehicle and f(xi) denotes an acoustic character—

istic of noise propagation environment. At this time, themean value of

noise intensity, <I>, can be easily expressed as

I\
(D = N' E ex<wx><f<xp> . (13)

A=l

where N is the number of vehicles located in the line section [-L,L] and

Bi denotes the ratio of the intemixture on the A—th type of vehicles

[3]. Since Eq.(13) can be rewritten as

A
(D =:—N0A§19)\<W)‘><f(xi)> (Nu: arbitrary constant value),(14)

a _

the noise intensity at an observation point can be described by multi—

plication type model, Eq.(l), by use of replacement:

A
<1> » z, :_ —> u, NUA§13A<WA><f(xi)> -> x . (15)

_ 0

EXPERIMENTAL CONS IDERATION

As an application of the above theory, we have first classifyed vehicles

flowing on the road into two groups of light and heavy vehicles (i.e.,

A=2). Figure 1 shows the cum-

pariaan between experimentally Lo

sampled values and theoreti-

cally estimated curves by use ms

of Eq. (ll) , for the cumulative

noise level distribution. 0.6

REFERENCES

[1] H. Bateman: Tables of in-
tegral transforms, Vol.1
(McGraw—Hill) .

[2] 5.5. Hilks: Mathematical . V

Statistics», Princeton Univ ow o“-—/¢,o 7o 53 90
versity Press, (1963).

[3] M.Dhta, S.Yamaguchi and Fig.2. A comparison between theory and

OJ

0,2     
S.Hitomitsu: J. of Sound experiment (0 experimental value, —--

and Vibration, Volr 45, lst approx., —-—2nd approx” —--—

467472, (1976). 3rd approx. and 4th approx.).

 

1162


