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The paper presents a method of predicting the noise equivalent level value
in urban structure. Unlike the methods used thus far, the presented method
consists in determination of a parameter a which is a measure of the energy
reaching the observation point during motion of a single source. The method
ig very laborious and, therefore, the paper presents a solution of the problem
of determination of the minimum number of the measurements of the para-

meter a, necessary to determine the noise equivalent level value with a preset
aceuracy.

1. Introduction

The pooling investigations performed among the inhabitants of towns
[13, 23] have revealed that they rate the traffic noise as the most nuisant type
of noise. Within the already existing urban structure, where it is impossible
to change the localization of buildings and transportation routes, the noise
can be minimized by an appropriate “programming” of the structure and
intensity of transportation traffic. In such a case it is necessary to know the
relation between the parameters describing acoustic field (noise evaluation
indicators, e.g. noise equivalent level Lgg) * and the value of “traffic intensity”
(ny) of the noise sources, i.e. transportation vehicles. Provided the relation
Leq = f(n;) is available, it is feasible to determine the permissible values of
traffic intensity which correspond to a predetermined (e.g. given by a standard)
value of L.

Determination of the function f(n,;) in an urban area is much more difficult
than in the case of an open area, e.g. in the vicinity of a motor way where
the noise sources move at a constant speed (an extensive reference list ot this
problem is given in [16]).

1 Other noise evaluation indicators are discussed in [16].
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The configuration of acoustic field in an urban area complicates as a result
of reflections from many planes and non-uniform motion of noise sources
(rounda-bouts, crossings, traffic lights etc). Only if urban strueture is highly
gsymmetric (e.g. “tunnel” development), it is possible to determine the funetion
f(n;) by mathematical analysis. In other cases this function is being obtained
by regression analysis. The results of investigations in the form of plots, nomo-
grams, tables, corrections ete. are presented in [1, 3, 6, 7, 8, 24].

This paper presents the principle (Section 3) and experimental verification
(Section 4) of a new method of predicting the noise equivalent level value in
an urban area. The theoretical background of this method was discussed in [16].

The essential difference between this method and the presently used method
based on regression analysis is that the parameters a; appearing in function

Loy = 10 log (Zn.;ai +0)

are determined from the measurement of the signal emitted by a single source
(Section 3.2) rather than from the set of values L,, for the resultant signal
(being the sum of signals coming from individual sources).

The problem of minimization of the number of measurements, necessary
to achieve the required degree of consistency of theoretical and experimental
results, is discussed in Section 5.

The basic concept of the new method of noise equivalent level determination
results from equation (13) derived in [16] from the definition (1) of noise
equivalent level. The consistency of the proposed method with other measure-
ment methods is demonstrated in Section 2 by deriving from the same definition
equations (9) and (12) encountered in the literature and thus proving their
equivalence.

2, Methods of equivalent level measurement

The noise equivalent level L., is defined [20] as

T2
1
Loy = 10l0g— f 10%120 gy, (1)
-T2

where L(t) is the noise level measurement in dB(A) and T — measurement
duration.

There exist instruments like Briiel-Kjaer, type 4426, or RFT, type 00005,
which measure L,, directly.

The value of noise equivalent level L,, can also be determined by using
a noise level meter and a recording voltmeter to register the course of L(t).

By dividing the noise level into classes of constant width (L;, L;+4L)
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Fig. 1. Changes of sound level vs. time L(f) [dB(A)]

(cf. Fig. 1), the integral in definition (1) can be presented in the form of a sum,

T2 N bi41
[ 10050d = 3 [ 10%H0de, (2)
-T2 i=1 lj

where t, = —T/2, ty,, = T/2 are the instants of the beginning and the end
of the measurement, respectively.

By approximating each integral by the product of the mean value of the
integral function in the interval (4, #,,) and the length #;,, —1; of this interval,
we obtain

T2 N
[ 10 0ar = 3710 (4, — 1), (3)
-T2 J=1
where
i1
10% %y = MRS f 10" g, (4)
=Y o

When the width of the class tends to zero (4L—0), the length ¢,,, —1; of
the integration interval tends also to zero and thus equation (4) can be written
in the form

lon,le ~ lon,l(L‘+}AL), (5)
LA
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Fig. 2. Noise level I; (equation (3)) as the mean value of values L;, L;+ AL defining the
lower and the upper limit of a “class”
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where L, is the lower limit of the i-th class and AL is its width (Fig. 2) since,
under the assumption of the monotonic course of L(t), the relation

a-+b
2

b
tim [ f(@)ao - 1(“52) 00 (®)
Ma
is satisfied. By virtue of (5), equation (3) can be written in the following form:
re N
f 0%20g = Faovacrazeyg g, (7)
— Y2 j=1
It may happen that the course of L(t) is within the same class (L;, L;+ AL)
for several time intervals (t;, #,,), as for the intervals (¢, ta), (fy txs1)s (bms tmsa)
in Fig. 1. This means that the sum (7) may contain several terms with identical
factor 10%'%&+4L%) By grouping such terms and next summing with respeet
to all classes we obtain
72
J‘ 10%E0 gp — Zt‘_loo.l(quma), (8)
—T2 3
where

b= X~

is the total time interval in which the temporary value of noise level L(#)
satisfies the unequality L, < L(t) < L;+ AL.

By using equation (8) in definition (1), we obtain an expression determining
the value of noise equivalent level L,, in terms of instantaneous values of
sound level L(#) measured in A decibels:

:
Log = 10log D 100z, 9)
i

As it was mentioned, this formula can be applied only if the measurement
is performed using a recording voltmeter and a noise level meter. To derive
the formula making it possible to determine the noise equivalent level value
using noise level meter alone we proceed as follows.

Let us assume that the integral appearing in definition (1) can be replaced
by a sum of integrals as in equation (2) except that the integration intervals
are equal to each other:

tj_]_l—tj':At, j=1,2,..-

Under the assumption of a sufficiently short integration interval A¢ and
monotonic course of L(t) in the interval (4, #;,,), equation (2) can be written
in the form

T/ N
[ 10mm0g — ¢ ¥ 10%15, (10)

-T2 J=1
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Fig. 3. Noise level I; (equation (10)) corresponding to the moment i = (4 +ty41)-

where L; = I.,((agprl +1;)/2) is the value of the sound level at the instant § (., +1)
(cf. Fig. 3).

Since T = N Ai, by virtue of equation (10) we obtain from definition (1)
another expression for calculating the noise equivalent level value:

N
Ly = 10log % Z 10%1%, (11)

J=1

I the successive readings of level L are repeated in such a way that values
L; correspond to numbers n;, then

Loy = 10 log -1-1\; Z ny-10%15, (12)
]

This formula makes it possible to determine the noise equivalent level
value by reading instantaneous values of sound level (expressed in dB(A))
in equal time intervals.

It follows from formulae (9) and (12) that the accuracy of L,, determination
is the higher the smaller the width of the class (4L->0) is and the more fre-
quently the readings of instantaneous values of sound level are taken, i.e. when
At—0.

3. Dependence of noise equivalent level on tramsportation
traffic intensity

3.1. Theoretical background

Let us consider several sources of the same j-th type (e.g. 7 vehicles of the
same type). Under the assumption that they move with the same speed V,(f)
along the same I-th path, we obtain the set of signals L®(f) very similar to
each other (cf. Fig. 4).

To simplify the notation, we introduce an index ¢ for each possible combin-
ation (j k1) which will identify the “class” of the source [16].
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Fig. 4. Noise level changes L () [dB(A)] recorded at the passage of a single source belonging
to the i-th class

If we have, for instance, two types of sources — two types of vehicles
( = 1,2) which move at the same speed V. (t)(k = 1) along two different
paths (I =1, 2), we shall register four different signals L®(f)(i = 1,2, 3, 4)
since this is just the number of possible combinations among the indices (j % 1).

The urban noise is a result of the superposition of signals produced by in-
dividual sources. As it has been demonstrated [16] the noise equivalent level
L, can be determined by means of the formula

M +00
Leqzlologri[zn,. f Ii(t)dt—i—f"],
0

i=1 -0

where I;(¢) is the time-dependent intensity of noise generated by a moving
source of i-th class, I® — the average background intensity, I, — the reference
intensity, m; — the number of sources of i-th class passing the observation
point per unit time (traffic intensity), M — the number of classes of noise
sources.

Actually it is the pressure level which is the measurable quantity

L(t) = 10logp*(t)/p;,

where p, = 2-107° N /m®. As it was demonstrated by Beranek [2], it can by
assumed that the pressure level equals to intensity level with an accuracy
much better than 1 dB,
It
L(t) = 10log I( ) "

0

where I, = 1012 W /m?2,
Hence

M
Loy = 10log| ¥'nya;+10%5], (13)
i=1

where
+00

a = [ 10ME0g (14)
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and I;(¢) is the time-dependent noise level expressed in dB(A), produced by
a single source of ¢-th class (the method of the measurement of a; will be discussed
later on); L, is the time-averaged level of background intensity — I° The
measurements performed in the city of a large town at a large distance from
the stream of wvehicles reveal that L, ~ 45-50 AB(A). This allows to omit
the last term of the sum in equation (13) in case of the high traffic intensity
(large values of n;) and the measurement points located close to the road.

Provided the values of parameters a; are determined in advance, equation
(13) makes it possible:

(a) to determine the value of L, if the traffic intensity n; is known;

(b) to modify the value of L., by imposing appropriate limitations upon
the traffic structure: n; < n;.

These problems will be treated in more detail later on.

3.2. Method of calculating the values of oy

Equation (14) provides a way of calculating the values of a;. As it was
already mentioned, the quantity I,(f) appearing in this equation is the noise
level generated by a single source of the i-th class. To obtain the course of
L,(t), the measurement should be performed under the conditions when only
a single source is actually moving in the vicinity of observation point. It is
thus convenient to perform such measurements in the night (preliminary
investigations indicate that the method of model measurements can also be
applied for this purpose).

However, such measurement yields the signal L{?(#) (noise level produced
by the source and the background) rather than “pure” signal I,(f), and the
former is different for each j-th source belonging to the same i-th elass:

I}‘) (t) f(ﬂ))

=

ZP(t) = 1010g( 7 5
o 0

Introducing the notation

) (¢ S 70)
I (1) = 1010g1} ( ), Ly = 10log—
I, I,
(L{" is the noise level produced by the source only, L, — the noise level associa-
ted with the acoustic background present during the measurement), from
(14) we obtain
/2
ay = J’ [100.114‘)(;) —10%0)at, (18)
-2
where 7 is the signal duration (cf. Fig. 4), i.e. the t'u:ne; of source passage,
L{ (t) — the registered change of intensity level with time, L, — the background
level during the measurement. The quantity L, has, as a rule, a value diffe-
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rent to that of L, (equation (13)) (for instance, the acoustic background in
the night, when the measurements of L (t) are performed, is different than
during the day).

To determine the values of parameters a; we divide, in agreement with
equation (15), the interval (—v/2, /2) into equal intervals At and obtain the
formula

M
ay = At 3 105 r.10015, (16)
k=1

where L{f) is, in agreement with Fig. 4, the value of the sound level at the
instant %) = }(t,,,-+1,), i.e. in the middle of the interval (fy,,, t).

4. Measurement results

4.1. Classification of moise sources

The parameters a; were determined for vehicles moving along a two-way
street. The measurement point was placed at a height of the third floor at
a distance of 30 m from the nearest street crossing. Fig. ba presents a cross-
gection of the street and Fig. 5b — its view from the top with the marked
meagurement point 4.

a A
ol /%/’
b

J[ [‘L

 m—

 [e2zzzzzz) [

Fig. 5. Localization of the measurement point 4 at a two-way street

The measurements of L{" (f) in dB(A) were performed using a set of Briiel-
-Kjaer equipment composed of type 4144,1”, capacitance microphone type,
2602 microphone amplifier, and type 2304 recorder with 50 dB potentio-
meter. The courses of I{" (f) were recorded during the night between 23h and
3h since undisturbed signals produced by a single vehicle were possible to
obtain only during that time. Typical courses of the noise level L{?(t) [dB(A)]
produced by Fiat motor-cars and Jelez buses moving to the right and to the
left are shown in Fig. 6.
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ig. 6. Noise level changes L{"(f) [dB(A)] for several single vehicles
7

The values of parameters ay for each course of L{’)(t) were calculated using
equation (16) and next mean values a; were determined from the formula

X
s 3 2 Qij s (17)

where N, is the number of registered signals produced by the sources of the
i-th class.

The values of a; and the numbers N, for 22 classes of sources are given
in Table 1. It follows from this Table that the values o; corresponding to buses
are higher by an order of magnitude from the remaining values. One can also
see a marked difference between the values of a; corresponding to different
directions of the vehicle movement. This difference is associated with a diffe-
rent distance from the measurement point. Therefore, for further calculations,
we accept a 4-class classification of the noise sources:

1. motor-cars moving to the right,

2. motor-cars moving to the left,

3. buses moving to the right,

4. buses moving to the left.

The mean values of a; calculated from equation (17) for these classes of
noise sources amount in hour/veh., respectively, to:

a = 2359, ay=1072, a,=49049, a, =28397.
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Table 1. Mean values of parameters a; recorded at the measurement point

A (cf. Fig. 5)

No. of source Directi.on Type of N h::u-

class of motion source : [
veh.
1 to the left Warszawa 33 1091
2 to the right (motor-car) 32 2 004
3 to the left Fiat 51 1166
4 to the right (motor-car) 52 2 607
5 to the left Dacia 8 942
6 to the right (motor-car) 10 2159
7 to the left Volga 2 1 281
8 to the right (motor-car) 5 1755
9 to the left ‘Wartburg i 783
10 to the right (motor-car) 4 1392
11 to the left Syrena + 900
12 to the right (motor-car) 6 3 546
13 to the left Moskvich 2 379
14 ‘to the right (motor-car) 5 3 257
15 to the left Trabant 1 708
16 to the right (motor-car) 3 2 883
17 to the left Skoda 3 1 554
18 to the right (motor-car) 2 1402
19 to the left Nysa 6 776
20 to the right (pick-up) 2 422
21 to the left Jelez 13 28 397
22 to the right (bus) 10 49 049

The standard deviations Adeg; caleulated from equation
1 Ng 5 1/2
Aoy = l s Z (o aal (18)

amount to:
da, = +15b565, Aay, = +723, Aag = +18732, Ae, = £+10721.

Substituting the mean values of a; to equation (13), we obtain the expected
value of the noise equivalent level at measurement point A in the street of
the cross-section shown in Fig. 5,

Leq = 1010g (23591, +1072n, + 49 0491, -+ 28397 n, -+10% o), (19)

where n, is the number of motor-cars moving to the right [veh./hour], n, —
number of motor-ears moving to the left [veh./hour], ng — number of buses
moving to the right [veh./hour], n, — number of buses moving to the left
[veh./hour], L, — acoustic background.

At high traffic intensity the last term accounting for acoustic background
can be disregarded in calculations.
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4.2. Experimental verification of the formula for determination of Lgq

To verify the validity of the obtained formula, direct measurements of
L,, were performed in 10-minute intervals, while counting simultaneously the
vehicles of a particular clags. Thus the traffic intensities n,, n,, 7y, B, Were
determined.

The direct measurement of Lf,’{;) was performed using a set of RFT equip-
ment consisting of MKD MV 1" capacitance microphone No 3103, PSI 202
precision noise level meter and PSM 101 type 0005 noise equivalent level meter.

The results of measurements are summarized in Table 2. Columns 1 to
4 present the traffic intensities of individual classes of vehicles, column 5 — the
value L{™ obtained by direct measurement, column 6 — the value L] obta-
ined from equation (19), column 7 — the difference L — L), column 8 —
the standard deviation AL{) calculated according to the law of “error pro-
pagation” [10]. Use was made here of the formula

s (S0 oo

f=]
i.e.
4
101
AT 2305 o {an(aa‘)s}. (20)
Aot

Table 2. Summary of the values of L, caleulated and measured at the measurement point
A (cf. Fig. 5) at known traffie intensities n;

n. n, n. n,

S ek o el vek s | VR dgé’&z dLg’li Lp-L{ | ALQ
[hw] [hour [hm] hm] [dB(A)]| [dB(A)] | [dB(A)] | [dB(A)]

1 2 3 4 5 6 ; § 8
1 174 210 6 12 61.3 61.0 0.3 1.2
2 144 156 18 12 62.8 62.4 0.4 ;A
3 174 120 12 6 61.5 61.1 0.4 1.2
4 132 84 6 12 60.5 60.2 0.3 1.1
& 126 216 18 6 62.5 62.0 0.5 12
6 168 174 18 1% 63.0 62.6 0.4 I
7 108 120 6 12 60.5 60.1 0.4 1.3
8 162 144 12 12 62.1 61.7 0.4 1.6
9 120 102 6 | 6 59.7 59.0 0.7 1.3
10 162 84 12 s 61.9 61.5 0.4 1.1
11 162 180 12 [ 18 62.6 62.2 0.4 T.I
12 198 156 6 - 59.9 59.7 0.2 1.6
13 186 198 6 12 61.3 61.1 0.2 0.9
14 150 222 12 12 62.2 61.8 0.4 1.1
15 114 138 6 6 59.8 59.5 0.3 1.2
16 150 120 12 =15 62.4 62.0 0.4 1.1
17 174 138 6 6 60.4 60.1 0.3 A 1.3
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It follows from Table 2 that the difference LM — L) between the directly
measured value and the value obtained from equation (19) for given traffic
intensities n,, 7y, ng, n, is smaller than 0.7 dB(A). The average value of this
difference equals to 0.4 dB(A).

It may be thus concluded that the method of predicting the noise equi-
valent level L, in urban structures, based on equation (13), is fully justified.

5. Optimization of the measurement process

The spectacular agreement between the values L., obtained by caleulation
and by direct measurement can be explained as due to very small differences
between the values a;(¢ =1,2,3,4) appearing in (19) and the values

a; = lima;
N>
which apply to the whole population of noise sources passing the observation
point. Let us denote these differences by da;. The value of de; is the smaller
the more accurately the value of a; in (17) is calculated, i.e. the larger is the
number of measurements N;.

The question arises how large should be the number N; to make the values
of da, small enough to determine the value of L,, from equation (13) with an
error 0L,, smaller than k dB(A) with a probability p.

Replacing the standard deviations Ade; in (20) by the quantities da;, we
obtain a general expression defining the error 6L,

10loge

M
2 2 1/2

0Ly = 5 % n; (day) ’
2 'nl‘ a‘ +100.1-Lo f=1
i=1
where M is the number of classes of noise sources.

From the requirement 6L,y < k dB and under the assumption that every
class provides the same “contribution” to the value 4L, , we obtain

M -
k Eﬂv‘ a; +10°' Ly
i=1

VM  m;10loge
The parameters a; in (17) are random values.
¥ o;(j =1,2,...,N,) have a normal distribution [10], then
dai ¥ tg}A a; r
V¥,
where tg" is the value obtained from Student’s distribution for the probability

p at N, —1 degrees of freedom, da; — standard deviation given by (18),
N, — the number of measurements of a;(j =1,2,..., Ny).

Miuel (21)

(22)
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From equations (21) and (22) we find N; — the number of measurements
of parameters ay(j = 1,2, ..., N;), necessary to reduce the error L., of the
disseussed method below %k dB with a probability p:

10log etPn,; Ao, \ 2
NS deMifiir BBt S (23)
kz N0 +100']Lo

i=1

To find the value of N} from this formula a “pilot” series of measurements
of ay(i =1,2,...,M;j =1,2,...,N,) should be performed and the values.
of a; (17) Aa,(18), and #? should be determined. If the inequality Ny < N, is
satisfied, there is no need to perform additional measurements since the power
of the set {a;} is adequate.

It follows that the number of measurements N, necessary to determine
the value of L,, from (13) with an error less than %k dB (with probability p),
tends to zero if the intensity of the motion of noise sources tends to zero.

Equation (23) has been derived under the assumption that the partition
of noise sources into individual classes has been executed “a priori”. Practically
it happens that the values corresponding e.g. to various types of noise sources
do not differ much from each other and the need to form separate classes for
these sources becomes questionable.

Table 1 presents mean values of a for various types of motor-cars. In com-
parison with the values of a for buses the differences between these values are
small and, therefore, we have decided to form a single common class for all
motor-cars regardless their types and taking into consideration only their
direction of motion.

In general case this problem can be formulated as follows: how to perform
a partition of all sources into classes in such a way that

(a) The error 8L, of determining the value of equivalent level L, from
(13) is less than k¥ dB with a probability p.

(b) The total number of the measurements of parameters a;(j =1,2,...,
N, i=1,2,..., M) is minimum, i.e.

M
N} = minimum. (24)
i=1

Condition (b) can be regarded as the aim of the optimization of the measure-
ment process.

Similarly to the case of determination of the “necessary” number of measu-
rements N, let us assume that we have at our disposal a “pilot” series of mea-
surements {a}. As a first step to solving the above problem we introduce a par-
tition into “unquestionable” classes, i.e. the classes with markedly different
values of a. Let the number of these classes be M,. It follows from the example
discussed in Section 4 that M, = 2 if the noise sources have to be divided
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into at least two classes: motor-cars and buses. It is less evident whether it
is necessary to split these classes with reépec’s to different motion directions
“to the left” and “to the right”.

Next, we check, using equation (23), whether the number of measurements
N;, in each class is sufficient (at the assumed value of probability p and
error k), i.e. whether the relation N, > N7, is satisfied.

In turn, we perform a new partition of the set of parameters {a;} into
M, classes (M,> M,), check the validity of relation N,,> N;,, repeat
the same for M, classes etc.

At each g-th partition into various classes, i.e. when the set {a;} (of power
N) is divided into subsets of power N,,, use can be made of the papers of
Christie, Hillquist and Scott, Jonasson, Lewis, Olson, Nelson and Piner, Priede,
Rathe, Ulrich, Waters [4, 5, 9, 11, 15, 17, 19, 21, 22, 25, 26, 27] which give va-
lues of the noise level as functions of velocity and acceleration.

Further on we consider only those parfitions into classes (among all
q =1,2,...) for which the inequalities

Negiow Blon.o $ihdeBpeson Mg (25)

equivalent to condition (a), are satisfied. (If none of the partitions into classes
satisfies these inequalities, then the set {a;} has to be supplemented with
additional measurements of parameter a.)

Out of all partitions into classes, which satisfy inequalities (25), we choose
that one for which the sum of necessary measurements in each class N;,
(¢ =1,2,..., M,) satisfies condition (24).

This partition into classes in the optimum one, since it permits the value
of equivalent level (13) to be determined with an error less than %k dB (with
the probability p) from the minimum number of measurements.

Example. Let us assume that measurements of the parameter a (Table 1)
are the “pilot” series with the power of individual classes (M = 4) N, = 121,
N, =117 (classes of motor-cars moving “to the right” and “to the left”) and
Ny =10, N, = 13 (classes of buses moving “to the right” and “to the left”).

Let us assume the probability p = 0.99 and the value of acceptable error
k = 0.5 dB (it means that the values L,, obtained from (13) will bear an error
less than 0.5 dB with the above probability). From Student’s distribution
for the numbers of freedom degrees N; — 1 =120, N, —1 =116, N, —1 =9,
N, — 1 = 12) we obtain that t{!), = 2.58, t{}, = 2.58, #{*}, = 3.25, t{*}, = 3.05.
The values of standard deviations 4a; are given in Section 4.1. It follows from
(13) that the sum in the nominator of expression (23) can be presented in the
form

Zniai +10% %0 — 1% Feq,
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Assuming the mean traffic intensities, obtained from the measurements,
presented in Table 2: n, = 153, n, = 151, ny = 10, n, = 10, and the correspond-
ing value L,, = 61 dB(A), we have N, =70, N, =15, N, = 69, N, = 20.

The results obtained indicate that to use formula (19) for the determination
of the value of L,, with the accuracy 0.5 dB (with the probability p = 0.99)
the number of measurements a; in classes 1 and 2 was too large (N) < N;)
and in classes 3 and 4 — too small (N; > N,). The two latter classes should
be complemented with additional measurements to satisfy condition N; < N;.

6. Conclusions

The work is primarily aimed at verification of the method of predicting
the value of noise equivalent level L,, outlined in [16]. Good agreement of the
experimental data and the results obtained from formula (13) confirms the
validity of the method (Section 4.2.).

To demonstrate consistency of the new method with other measurement
methods, definition (1), which is also the starting point to derive equation (13),
is nsed in Section 1 to derive expressions enabling L,, to be determined either
from the record of noise level changes in time (equation (9)) or from a set of
instantaneous values of noise level, recorded at equal time intervals (equation
(12)).

The method of determining the value of L., in urban structure follows
from equation (13). An application of this formula requires a partition of all
sources into appropriate classes. This partition is made baging on the value
of parameter a (equations (14) and (15)) which is a measure of the energy
reaching the observation point during motion of an individual source. Equation
(13) contains the quantities a; — mean values for particular classes. The error
introduced by calculating L., from (13) is the smaller the more accurately is
the value a; of (17) calculated and the larger is the number of measurements
of a; (j =1,2,..., N;). Equation (19) is the form of (13) specified for a parti-
cular case.

The problem of minimizing this error is linked to the problem of optimizing
the measurements. It was demonstrated in Section 5 that if the value of the
error is assumed to be %k dB with the probability p, then — after performing
a pilot series of measurements of {a} for randomly chosen noise sources —
the whole population of sources can be divided into classes (after eventual
complementing the number of measurements to satisfy the inequality N; < N,)
in such a way that the assumed requirements of the accuracy of the method
will be satisfied.

The values of parameters a; depend on the power of acoustic sources (e.g.
on the types of cars), the trajectory, the way of operation and the type of
urban structure and, therefore, equation (19) is valid only for measurement
point A, as indicated in Fig. 5. Therefore the general form of equation (19)
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is as follows:
¥ _(m)
Zfm = 10log( 3 afMaf™ 410050 ), m =1,2,..., (26)
i=1
where a{™ is the traffic intensity of noise sources passing the m-th observation
point, M{™ — number of classes of sources in the vicinity of the m-th point,
L™ — mean background level measured at the m-th point.
If we assume that the condition of favourable acoustic climate in the vieinity
of each of these points is given by inequality

ng)<'ig’1‘)’ m=1,2,..., (27)

where L{™ can be considered as values resulting from various standard values
for residential areas, hospitals, schools etec., then equation (26) yields information
on the requirements which should be imposed on the values of traffic intensities
{n{™} along particular streets (Fig. 7) to satisfy inequalities (27).

Ty

(pim-2) ™ oy

Fig. 7. Localization of measurement points in a typical urban structure

Thus the acoustic climate in urban areas can be formed by suitable “pro-
gramming” the structure of transportation traffie.

Let us consider for example the case discussed in Section 4. Let us assume
that the standard requires that L, < 60 dB(A) at point A. Assuming the mean
background level L, = 40 dB(A), from (19) we obtain

Ly
23591, --1072n, -+ 490490, -+ 283970, < 99-10°.

This is a particular case of inequality (27) with equation (26) taken into
account. This inequality provides information on the maximum intensity of
the traffic of motor-cars (n, and n,) and buses (ng and n,) for which the con-
dition of good acoustic climate at point A is still satisfied, i.e. Lyq < 60 dB(A).

The method of predicting the value of noise equivalent level (L), presented
in this paper, is fairly laborious but the error of L, determination is wvery
small.

The theoretical and experimental investigations carried out presently at
the Chair of Acoustics of the Adam Mickiewicz University are aimed at such
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development of the presented method which will make it applicable over a pos-
sibly widest range of problems. In particular, this method may become a start-
ing point for development of a new methodology of preparing acoustic maps
of towns since it permits us not only to determine the acoustic climate (the
value of Lg,) at various points of the town but also to “program” the structure
and intensity (m;) of traffic in such a way that this climate will satisfy the
given requirements, i.e. the values of L, will be e.g. less than the values di-
rectly related to the existing obligatory standards.
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