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Abstract. The paper presents new ranking method of traffic noise reduction measures. Mathematical model for
simultaneous estimation of different noise reduction methods for multiple locations was developed. For realization of
the proposed model empirical dependencies for effective time for vehicles of different categories were obtained on the

base of series of experimental studies.
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1. Introduction

There are various methods of noise reduction on the
way of its propagation from a source to a receiver.
However, the use of each of these methods has its
limitations and is efficient only under certain
conditions. The main criterion for the potential use
of the noise reduction method is the ratio
efficiency/cost. Therefore, the relevant issue is the
selection of the most efficient noise reduction
methods from the list of available and possible to
use for the given conditions.

2. Literature analysis

Today assessment of noise reduction methods is
based on series of criteria that involve ecological,
economical and social elements according to the
concept of green development. All of these method
are well described and analyzed both in national
[Maier 1975; Samoiliuk 1975; Didkovskii et al.
2001] and international literature [Kang 2006].

But all of them are assessed separately.
Nevertheless it is necessary to take into account that
each method has different both ecological and
economic efficiencies and it is useful to asses them
simultaneously for selection of the best combination
of available noise reduction measures. That is why the
present work is devoted to creation of mathematical
model of joint estimation for such methods.

3. Mathematical formulation of the problem

In the present study the complex task of traffic noise
reduction methods of both indoors and outdoors on
the territory of residential development is studied.

Indoor traffic noise reduction can be achieved by
noise decrease in the source of its generation (e.g.,
engine noise, rolling noise, traffic speed control and
other methods).

Let P; is a relative contribution of the j-th noise

reduction method [Zaporozhets et al. 2011].

Since the traffic noise is time dependent, thus,
equivalent noise levels are used for its evaluation.
Equivalent noise level for the m-th wvehicle is
written as:

1 0.1L
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where T}, — the observation time;
T, — the effective time for the m-th vehicle,

defined as the time of the top ten decibels sound;

L, axm — the maximum sound level of the m-th

vehicle.
The effective time for the m-th vehicle 1s defined
as the ratio:

Tefm =k Il > (2)
: v,
where k — empirical coefficient;
[,, — the shortest distance from the m-th vehicle

to the receiver;
v,, — the sound speed of the m-th vehicle.

Observation time interval is divided into N
segments. In this case, equation (1) can be rewritten
as follows:

N
1= 0T P10 =0, (3)
i=l1

where AL ;=L ,,, =Ly Lo, 18 set sound level.

In real cases the residential territory consists of
multiple multistory buildings. That is why
simultaneous assessment of noise reduction methods
has to be done for multiple receiver locations.

Suppose that i receiver locations are considered
and the j-th noise reduction method is used. Then,
equation (3) has to be rewritten as a system of
equations:
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where ALIJ,ALiAL’j
outdoors using j-th method for i-th receiver location.

Noise reduction can be achieved by urban
planning techniques (e.g., by increasing the distance
between the source and the receiver, acoustic
screens installation, greenery plantings, use of
terrain, increasing the insulation of windows,
installation indoors sound-absorbing coating).

The value of sound level reduction inside the
room is 8L;.

are noise reduction values

It is necessary to achieve the total reduction of
noise in the room from traffic flows on the value:

SL=7 P3L;.
J
For considered i receiver locations equation (5)
is rewritten as a system of equations:

)

ZP 8L =0;

ZP&Lw

j (6)

SL; =Y P3L; =0,

J
where 8L,,8L, JL; total required noise
reduction values inside room for i-th receiver
location;

8L1]~,6L§- SL"j — values of sound level reductions

inside the room using j-th method in i-th receiver
location.

Consider the problem from the point of
considering the analysis of complex systems
[Viliams 1978]. In this system, we introduce the
concept of entropy [Imelbaiev, Shmulian 1978;
Zaporozhets et al. 2011]:

V.
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where v, is a priori evaluation of the significance of

Jj-th traffic noise reduction method inside the room.
Value P; (the relative contribution of the j-th
traffic noise reduction method) is defined as the
maximum of the entropy (7) with constraints (4), (6)
[Viliams 1978; Imelbaiev, Shmulian 1978].
According to the method of Lagrange multipliers
let the auxiliary function is written in the form:
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where 2;, B;are Lagrange multipliers.
The equations which maximize function (8) are:

8(1) -0,1AL; i
P lnf—z/lreﬁT 107 =3 BSL; =0
)
From equation (9) we obtain the value P, :
1 —0,1AL! i
P; =v; exp(—1,4T; inlo —ZBIBLJ- ).
(10)

The Lagrange multipliers are determined from
systems of equations (4) and (6).

In the proposed method of the selection of a priori

estimates v (significance of the j-th noise reduction

method inside the room) normalization condition is
used:

ZVjZI .
J

4. Studying effective time of vehicles of different
categories

the

investigation was determined on the basis of
experimental studies of acoustic characteristics of
vehicles of various categories. The measurement
results have allowed determining empirical
relationships for the effective time for vehicles of
different categories.

Effective time mathematical model was
investigated using a database of individual vehicles
pass-by.  Characteristics  of  traffic  noise
measurements were performed for the pass-by
length 40 m.

Effective time Tef for i-th wvehicle in
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For the known speed and segment length
individual vehicle pass-by time was defined as:

where s is the length of the pass-by distance, m;

v is vehicle speed, m/s.

To determine the coefficient k of equation (2) a
Genetic Algorithm of Matlab Optimization Tool was
applied [Gundogdu et al. 2005; Rahmani et al.
2011]. During modeling of the effective time genetic
algorithm is used to minimize the deviation of the
measured values from the calculated equivalent
sound pressure level. Thus, by wusing genetic
algorithm coefficients k& for wvehicles of I-III
categories were obtained [GOST 31330.1-2006].
Second and third categories were combined, as
studies have shown the identity of the calculated
ratios.

Thus, equation (2) can be written as:

— for automobiles of category I:

/
Tef,l = 2,197 5
1
— for automobiles of category II and III:

Tef,2,3 = 2,27 L ,

V2,3
where / is the distance from the source to the
receiver of sound oscillations.

Simulation results of the effective time were
compared with experimental data for different
speeds, which are the most characteristic for modern
cities. Provided results are given in Table 1 for
passenger cars and for heavy vehicles with absolute
modeling error E.

Table 1. Comparison of experimentally t© and

ef ,exp
theoretically 1, .4 calculated effective time

v Tef exp > Tef ,mod »
km/h m/s s S ks
I category
30 83 1,78 1,97 0,19
35 9,7 1,60 1,69 0,09
40 11,1 1,55 1,48 0,07
50 13,9 1,25 1,18 0,07
60 16,7 1,03 0,98 0,04
IT and III categories
30 8 2,05 1,99 0,06
46 12,9 1,47 1,28 0,19
63 17,4 0,84 0,95 0,11
69 19,0 0,91 0,87 0,04
72 20,0 0,75 0,83 0,08

Analysis of the results showed that an increase in
pass-by speed of the vehicle the simulation accuracy
increases. Thus, for a speed of cars and trucks above
60 km/h the absolute error of simulation is 0.04 s as
opposed to 0.19 s for speeds of 30-40 km/h. It is
necessary to note that for large traffic flows (more
than 4,000 cars/h) in modern cities the speed of
50-80 km/h is the most typical, which is confirmed
by experimental studies. Lower speeds are observed
only for small traffic flows that do not provide
excess noise levels.

The dependence of the effective time on vehicle
speed is shown in Fig. 1.

T T
20 30 40 50 60 70 80
v, km/h
Fig. 1. Comparison of effective time of the top 10 dB
for cars of various categories:
1 — for vehicles of the category I;
2 — for vehicles of categories I and IIT

As shown in Fig. 1, the curve of noise effective is
determined by the monotonous dependence.

Obtained empirical dependences of the effective
time were used for the further simulation of
equivalent noise levels by approximate method
[GOST 22283-88].

5. Case study of the relative contribution of the j-th
noise reduction method in the overall acoustic field

The initial step in evaluating the contribution of
noise reduction method is to determine the input
data. For the selected list of noise reduction methods
the values of noise reduction both on the territory of
residential buildings and indoors are calculated. It is
assumed that on the territory of residential
development the receiver is located 2 m from the
facade of the building, and its height is 1.2 m. Inside
the room the height is similar to the receiver located
outdoors, and the distance from the wall is assumed
as 1 m. When using such methods to reduce noise as
soundproofing or the use of active windows, it is
supposed that these methods do not contribute to the
reduction of noise on the territory of residential
buildings.
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Noise reduction is calculated by mathematical
models described in [Didkovskii et al. 2001;
Shevchenko 2010; Shevchenko 2011; Shevchenko
etal. 2012].

Priori estimates of noise reduction methods are
supposed to be the cost of method use to get
necessary reduction values. Values of the priori
estimates are defined based on expert evaluation.
The economic aspect of noise reduction methods
was defined on the basis of published data.

Priori estimates initially defined as the cost
parameters in local currency, but for ease of
calculation have been reduced to standard units.

Calculations of the relative contribution of the
j-th noise reduction method were performed for two
cases of required noise reduction inside the room:
for 6L =8 dBand 8L =17 dB.

Different noise reduction values were studied in
the article as the model is sensitive to the value 6L

and calculates the relative contribution of the j-th
method of noise reduction based for the defined 6L

value. This dependence is shown on Fig. 2.

To find the relative contribution of the j-th noise
reduction method with the help of equation (10) it
was solved the problem of the unknown Lagrange
multipliers by using Optimization Toolbox software
of MatLab with solver of nonlinear equations.

For the purpose of testing the developed
mathematical model it was conducted simulation test
case for which a priori estimate was taken as 1 for
all methods of noise reduction. The simulation
results are given in Fig. 2.

In Fig. 2 it can be traced the difference in the
distribution of the relative contribution of each noise
reduction method based on the set necessary
reductiondL .

At 0L =17 dB major contributions correspond to

methods such as installation of acoustic screens and
sound insulation of windows, as most of these
methods produce the most noise reduction. Unlike
the first case, when 8L = 8 dB major contributions

correspond to decreasing intensity of traffic flows
(from the 4,000 cars/h to 1,000 cars/h) and reducing
traffic speed (on 10 km/h), since the use of such
methods would achieve the required cumulative
noise reduction.

Therefore, when using the proposed model an
important step is specifying the total noise reduction
value required by the set task. This characteristic
feature was taken into account in the further
simulation test case.
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Fig. 2. The relative contribution of the j-th noise
reduction method for the investigated case, where the
numerator is given a serial number of noise reduction
method:

a,c-0L=17dB;

b,d— 8L =8dB;

1 — traffic flow intensity decrease;

2 — traffic flow speed decrease;

3 — the use of porous pavements;

4 — green areas;

5 — thin acoustic screen installation;

6 — acoustic screen of finite thickness installation;

7 — soundproofing windows;

8 — using the active windows, and the denominator of its
relative contribution

As in the case of equal priory estimates
simulations were conducted for noise reduction on
8 and 17 dB. The initial data is provided in Table 2.
In both cases, most contributions are characteristic
for such methods as reducing the intensity of traffic
flow, reducing traffic speed and the use of active
windows. This is explained by set priori estimate
that define these methods as more economically
efficient.

Different results were obtained for study of
multiple Receiver Location (RL) of interest. Two
sets of RLs were analyzed: the number of RLs was
changed from 1 to 5 with the same values of 3L and

AL for each RL; the second case study was for 3, 4
and 5 RLs with different values of noise reduction.
The initial data for the second case study are
presented in Table 3. It was supposed that receivers
are located different stories of the multistory
building.
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Table 2. Initial data for calculation of the contribution of the j-th traffic noise reduction method
for single receiver location

Number Noise reduction method oL ,dB AL , dB v , relative Normalized a
of units priori estimate,
method v;
1 Traffic flow intensity decrease 3 5 100 0,463
2 Traffic flow speed decrease 1 2 100 0,463
3 Porous road surfaces 1 2 1 0,005
4 Green plantings 2 5 2 0,009
Acoustic screens installation:
5 Thin acoustic screen 6 9 3,3 0,015
6 Acoustic screen of finite thickness 4 7 2,5 0,012
7 Soundproofing windows 7 0 2 0,009
8 Active windows exploitation 4 0 5 0,023
Table 3. Calculation of the contribution of the j-th traffic noise reduction method for multiple RLs
Number of investigated RLs 5
RLN 1 Number of investigated RLs 4
Noise reduction method RLN2 Number of investigated RLs 3
RLN3 RLN4 RLNS
AL| oL AL oL AL oL AL oL AL oL
Traffic flow intensity decrease 5 3 5 3 5 3 5 3 5 3
Traffic flow speed decrease 2 1 2 1 2 1 2 1 2 1
Porous road surfaces 2 1 2 1 2 1 2 1 2 1
Green plantings 5 2 5 2 5 2 2 0 1 0
Thin acoustic screen 9 6 9 6 9 6 6 3 4 2
Acoustic screen of finite thickness | 7 4 7 4 7 4 4 3 3 2
Soundproofing windows 0 7 0 7 0 7 0 7 0 7
Active windows exploitation 0 4 0 4 0 4 0 4 0 4

Fig. 3 a, b shows the modeling results for the first
case study for different values of 8L . It can be

clearly distinguished that RLs more than 1, the
largest contribution P; belongs to 5th method that is

installation of thin acoustic screen on the contrary to
the single RL (Fig. 2), where the most efficient
methods were reducing the intensity of traffic flow,
reducing traffic speed and the use of active
windows. Increasing the number of RLs increase the
single contribution of just one noise reduction
method and the value P; approximates to 1.

The same results of single noise reduction
method largest contribution are observed for
multiple RLs with different reduction values
(Table 3) are demonstrated on Fig. 3, c.

If for three RLs two methods of noise reduction
were selected (1st and 5th methods accordingly),
than for five RLs most of contribution goes to Sth
method - installation of acoustic screens.

6. Conclusions

In this paper the problem of traffic noise reduction
methods ranking on the territories of residential
development and indoor considering both
environmental and economic performance of the
studied methods was formulated and solved.

For development of ranking method empirical
dependencies for effective time for different vehicles
categories were obtained on the base of the
conducted series of experimental studies.

Based on the developed model of traffic noise
reduction methods ranking study of the relative
contribution of the j-th method of noise reduction for
a given noise reduction value was conducted. This
model allows us to choose the most efficient from an
environmental and economic point of view noise
reduction techniques by using a priori estimates of
the effectiveness of each method, but the methods it
chooses strongly depend on the boundaries of set
value of required noise reduction.
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a
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Noise reduction method
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Fig. 3. The relative contribution of the j-th noise
reduction method (as in Fig. 2) for number of
investigated RLs:

a — required noise reduction was 8L =17 dB;

b, ¢— required noise reduction was 6L =8 dB;

1 — one location;

2 —two locations;

3 — three location;

4 — four locations;

5 — five location
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10.C. llleBuenko. HoBuii MeTox paH:KyBaHHsI 3aX0/1iB 3HMKEHHSs IyMY TPAHCIOPTHUX MOTOKIB

Harmionansauii aBianiitauit yHiBepcuret, mpocn. Kocmonasta Komapoga, 1, Kuis, Ykpaina, 03680

E-mail: shevchenko24.12@gmail.com
JocmimkeHo akTyaldbHY MpOOJIeMy OLIHIOBAaHHS e(EKTHBHOCTI METOAIB 3HIDKCHHS INyMy Bil aBTOMOOITBEHOTO
TpaHcropTy. Ha OCHOBI mpoBeseHOro MaTeMaTHYHOTO MOJIENIIOBaHHS OTPUMAHO 3HA4YEHHS aKyCTHYHOI eeKTUBHOCTI
KOXKHOTO 3 JOCHIDKYBaHHX METOJIB 3 YPaxXyBaHHSAM iX €KOHOMIYHOI e(eKTHBHOCTi. 3allpONOHOBAHO MAaTEMAaTHUYHY
MOJIENTb PAHXKyBaHHS 3aXO[IB 3HWKEHHS LIyMy TPAHCIIOPTHHX IOTOKIB i3 BUKOPHCTaHHSIM €HTpomiiiHoro merony. Ha
OCHOBI JIaHUX cepil eKCeprMEHTaIBHIX JOCIIDKEHb PO3POOJICHO EMITIPHYHI 3aIeKHOCTI e()eKTHBHOTO Yacy 3By4YaHHS
JUIsl aBTOMOOLITIB pi3HUX Kareropiil. OTpuMaHi 3aJ1e)KHOCTI BUKOPUCTAHO B MaTeMaTHYHIA MOJIEII paH)KyBaHHS 3aXO0/1iB
3HIKEHHA IIyMy. OLIHEHO BHECOK KOXHOTO 3 METOJIB y 3arajbHe 3HIKEHHS mIymy. IlokazaHo, IO BaXIHMBHM
rapamMeTpoM € 3aJaHe 3HIKCHHS LIyMYy, SIKOTO HEOOXIJHO IOCSTHYTH OIMCAHUMU METOJaMH. 3HAYE€HHS 3HW)KCHHS
IIyMy BPaxoOBaHO ISl PsAY MOJOXKEHb NpHiiMadiB. 3MOJEIbOBAHO 30HY JKHUTJIOBOI 3a0y/lOBH, KOJNU €(EKTUBHICTH
METO[iB 3aJISKUTh BiJl B3aEMHOTO PO3TAIIyBaHHA JIiHII pKepena IIyMy Ta MpuiiMada, HaIpUKIald, I BIKOH Pi3HUX
MIOBEPXIB.

KoaiouoBi ciioBa: MeTo/in 3HIKEHHSI IIyMY; PaH)XyBaHHs; TPAHCIIOPTHI TIOTOKH.

10.C. llleBuenko. HoBbIii MeTO paH:KMPOBAHUS MEPONPHUATHII CHIKEHHUS IIyMa TPAHCHOPTHBIX MOTOKOB

Hauunonanbublit aBuaninonHblil yHuBepceutet, npocin. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mail: shevchenko24.12@gmail.com
HccnenoBana akTyainpHas MpoOsieMa OICHKH J(PGEKTUBHOCTH METOJOB CHIDKEHHS IIyMa OT aBTOMOOWIBHOTO
TpaHcnopTta. Ha ocHOBE NpPOBENEHHOTO MAaTEeMAaTHYECKOTO MOJCIMPOBAHHS MOITYYCHBI 3HAUYEHUS aKyCTHYECKOU
3¢ (GEKTUBHOCTH KAXKIOTO M3 HCCIEAYEMBIX METOJIOB C YYETOM WX dKOHOMHYEecKOH 3¢ ¢dextuBHOCTH. [Ipemmoxena
MaTeMaTU4eCKas MOJEIIb PAH)XKUPOBAHUS MEPONPUATUN CHMXKEHUS LIyMa TPAHCIOPTHBIX IIOTOKOB C MCIIOJIB30BAHUEM
SHTpONHUIHOTO MeTona. Ha OCHOBE HaHHBIX CEpHH KCIIEPHMEHTAIBHBIX HCCIEIOBAHUIN pa3pabOTaHBl SMIUPUIECKHE
3aBHCAMOCTH 3(PPEKTUBHOTO BPEMEHH 3BYYaHUS I aBTOMOOWIEH pa3MUIHbIX KaTeropuii. [lomydeHHbIe 3aBUCHMOCTH
KCITOJIB30BaHbl B MaTeMaTUYECKOMN MOJECJIN paHXXUPOBaHUA MepOHpMHTI/lﬁ CHUXKXCHHS LIyMa. OLICHeH BKJIaJQ KaXXJ0ro u3
METOJIOB B o0IIee CHIKEHHEe mryma. [loka3aHO, 9TO BaXKHBIM IapaMETPOM SIBJSIETCS 3aJaHHOE CHIDKCHHE IyMa,
KOTOPOTO HEOOXOAMMO IOCTHYH ONMHCAHHBIMH METOAAMH. 3HAUCHHWE CHIDKCHHUS IIyMa YYTEHO U PsAa MOJIOKCHHN
npueMHUKOB. CMOJeMpoBaHa 30HA JKWIOH 3acTpOMKH, Korga 3(QQEKTHBHOCTH METOJIOB 3aBHCHUT OT B3aUMHOTO
PAacIIoNIOKEHSI TMHUM HCTOYHHKA [ITyMa M IPUEMHIKA, HAIIpUMep, [T OKOH Pa3HBIX 3TaXKeH.

KiroueBsble cJI0Ba: METOABI CHIDKEHUS ITyMa; paH)KHPOBaHNE; TPAHCIIOPTHBIC TTOTOKH.
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