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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 enviroument 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 flowing on the road per unit time interval are fundamentally

necessary to estimate the statistics of road traffic noise fluctuation.:
But, it 15, in general, difficult to grasp the headway distributiom form

in an actual cobservation.

From the above practical point of view, 1n this paper, a simplified
method for estimating the evaluation indices of road traffic noise such
as median, Ls and L10 (in general, L,: (100-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 explicit expression of the probability density function
for the noise intensity fluctuation, from which every noise evaluation
indices like Lgq, variance and Ly canbe derived, 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 methed.

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 in a general expansion form taking the noise intensity distribu-
tion function in a typical case when the number of vehicles flowing on
the road per unit time interval 1s constant into the first expansion
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term. Finally, the above theoretical estimation method is experimentally
confirmed by applying it to the actual road traffic nolse data.

THEQRETICAL CONSIDERATION

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

Let Z{t} be the noisg intensity fluctuation wave of arbitrary probability
distribution type. And suppose that Z{t) is constructed as the product
of two different random component processes, X(c)-and U(t), fluctuating
aver a positive semi-infinite region (0,»), and that the choice of the
probability density function formof K(t) is quite unrestricted. At this
time, we can describe Z{t) by the multiplication type model as follows:

2(t) = X(e)xu(e) { X(c),U{e)>0 ) , (1)

wvhere the probability density function form of a component process, X(t),
is .already known or is advantagecusly established in advance to our
statistical nolse analysis. . ’

In order to derive an explicit expression of the probability density
function, P(2), for an.arbitrary nolse intensity fluctuation Z(t) es-
peclally based on the probability density function, Py(X}, of random
process X(t), we newly introduce aMellin transform type characteristic
function, Mz(s), defined as [1] :

Mate) & mlp2)] = 57 27 emaz (2)
By substituting Eq.{l)} into Eq.(2), we can easily obtain
Mg(s) = Io“' x“'l?x(x)[.rn"’u“'lr(ulx)du]dx , o)

and the above expression becomes

My(s) = My(s)My(s) )

in a special case when the random variables X and U are statistically
independent of each other. Hereupon, Mx(s) and My{s) are Mellin trans-
form type characteristic functicns for random variables X and U respec-
tively. The above relationship, Eq.{4), makes a striking 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 Taylor's expansion theorem on the part
in the square bracket, we can easily obtain

Me(s) = £7X° IR0 T by (1) (s-1) ax
i=0

= L @D LalP, (b (0] (5)
4=
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with i
1 dl e o510 _1 i
bi(X) = -5 e =5/ P(Uixyau] = —F<(nl) T|x>y, (6)

After making use of the following formula obtained from the definition
of the Mellin transform:

D=1 "W E0) = (50 ED) (7
we can easily derive the following relationship (see éqs.(Z) and (5)):
&”zs'lp(z)dz - & z (-1 ( =% Lbore (0 ax.. (8)

=0

Since the right-hand side of Eq.(8) 1s expressed in the form of a defi-
nite integral, it is possible to change the integral variable X to Z,
Thus, we have .

Q ez T (-1 ( 7 ) {bi(Z)P {z)}]dz = 0 . (9
1=0

Since s in Eq.(9) 1s quite arbitrary parameter, the following relation
must be satisfied:

P(Z)

T ( 1) ( z)i{bi(mx(z)}

i=

L 5211—( 42 {<<1nu)1|x z> Pxfz)} (10}
i=0

Especially when Xand Uare statistically independent of each other, the
above probability density expression can be rewritten as follows:

1)

P(Z) = }:
1=0

<{1nU) >U(?Z—Z) P z) . (11)

From the above theoretical result, we can find that the probability
density expression, P(Z}, for a general random noise intensity fluctu-
ation, Z(t}, described by the multiplication type model in Eq.(1), can
be expressed in a 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 expansicn term. The effect of statistical property of U(t} on the
resultant probability distribution form is reflecred in each expansion
term.

Application to the statistical estimation problem of road traffic noise

Let us consider the road traffic noise shown inFig.l. The noise intensi-
ty, I, originated from the traffic flow, at an cbservation point, can
be given as follows:
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Aoy
=L I wrf(Gg). 0D N X .
3=1 i=1 —#———o—v—o————f—o—?—'—o-F‘“‘—‘

Lxy
e

In the above equatien, A is :
the. number of different 0 Obgervation point

types of vehicles, n) denotes Fig.1l. Model of traffic flow on stralght

the number of the A-th type X
vehicles located in the road. (0, ¥): vehlcle types.

arbitrary line section [-L,L] of the road, W) is the random acoustic
power af the A-th type vehicle and f(xi) denotes an acoustic character-
istic of noise propagation eavironment. At this time, themean value of
noise intensity, <I>, can be easily expressed as

A
<I>=N'1L 6A<WA><f(xi)> . am
A=1

where N isthe number of vehicles located in the line section [-L,L] and
§) denotes the ratio of the intermixture on the A-th type of vehicles
{3]. Since Eq.(13) can be rewritten as

A
<I> =:—N01§19A<W>\><f(xi)> {No: arbitrary constant value),(l4)
0 0A=

the noise Intensity at an observation point can be described by muledi-
plication type model, Eq.{1), by use of replacement:

A
<I> =+ Z, :—o > U, NUAEIBfwP«:f(xi)) + X . (15)

EXPERIMENTAL CONSIDERATION

As an application of the above thecry, 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 com-

parison between experimentally 1.0 T T T g

sampled values and theoreti- et <

cally estimated curves by use a.8 ,"_/ -

of Eq.(11), for the cumulacive s

noise level distribution. 0.8 & / /; 4

REFERENCES & I’

[1] H. Bateman: Tables of in- O ;A .
tegral transforms, Vol.l 0.2 'l _
(McGraw-Hill). i e Z (48)

[2] 5.5. Wilks: Marhematical . R s 1 i

- 'Statistics, Princeton Uni- om 0 " &0 70 BD 90

versity Press, (1963).

[3] M.Ohta, S.Yamaguchi and Fig.2. A comparison between theory and
S.Hiromitsu: J. of Sound experiment {® experimental value, —--

and Vibratien, Vol. 45, 1st approX., = =—2nd approx., ==
4th approx.).

467-472, (1976). 3rd approx. and




