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Abstract: Road traffic represents one of the main sources of noise pollution in urban
areas. In order to control noise levels it is necessary to have a suitable calculation method for
traffic noise prediction. Since 1950s many mathematical models for estimation of traffic noise
pollution have been developed, and most of available models found in literature are based on
regression analysis. This paper presents the application of particle swarm optimization in
developing of simple mathematical model for prediction of equivalent A-weighted level of
road traffic noise in urban areas of the city of Nis, Serbia. Predictions of the developed
mathematical model are compared to experimental data collected by traffic noise
measurements, as well as to predictions of commonly used traffic noise models, and the
obtained results of statistical analysis of differences between measured and calculated noise
levels are presented in this paper.

INTRODUCTION

Road traffic represents the dominant source of noise pollution in urban environments.
According to the latest data obtained from the strategic noise mapping for the EU
agglomerations and major roads, close to 68 million people are exposed to daytime road
traffic noise levels above the excess exposure threshold, fixed by the EU at 55 dB(A) [1]. In
the past decades many studies [2-4] have shown that long term noise exposure significantly
affects human health and productivity, causing stress, sleep disturbance, cardiovascular
problems, etc. Moreover, the environmental noise pollution has a large impact on real estate
prices [5].

In order to control road traffic noise it is necessary to have a suitable calculation
method for noise levels prediction. The calculation method can be of fundamental importance
in the process of urban planning and designing, as well as for the traffic noise reduction
through the process of traffic management. Software packages for noise prediction are
numerous, but their price is usually high and their usage is highly complex. This is the reason
why the mathematical models for traffic noise prediction have been developed based on the
experimental results of noise level. Since early 1950s many authors have offered a large
number of mathematical models and most of the available models are based on linear
regression analysis. Also, several publications use the so-called “soft computing” methods,
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such as artificial neural networks (ANN) [6-8] or genetic algorithms [9-10] for prediction of
the traffic noise levels. A critical review of some of the most used models are given in [11],
and one of the conclusions of this study was that each model is strongly influenced by certain
characteristics of the traffic and the environment, such as pavement type, driving skills, road
and vehicles maintenance, etc.

In this paper is presented a novel model for traffic noise prediction which reflects the
specificities of the traffic flow for the territory of the city of Ni§, Serbia. A functional
relationship between the traffic flow parameters and A-weighted equivalent noise level is
established using PSO (Particle Swarm Optimization) technique. The obtained results of
traffic noise prediction are compared to experimental results of noise level measuring, as well
as to predictions of several commonly used traffic noise models.

MODEL

Most of the available mathematical models for traffic noise prediction enable estimation
of the equivalent A-weighted continuous noise level, Leq, which is recommended as a suitable
descriptor for motor vehicle noise assessment by many national and international regulatory
agencies [12]. Almost all the mathematical models found in literature are developed by
establishing a functional relationship between the noise level and traffic flow parameters
based on experimental results of noise level monitoring. The functional relationships are
usually approximated by performing the regression analysis.

Some of the most used mathematical models for traffic noise prediction are those
proposed by Burgess [13], Griffith [14] and Fagotti [15]. Burgess model has been applied for
the first time in Sidney, Australia. According to Burgess, equivalent noise level can be
calculated using the equation

(1) Leq =55.5+10.2log(Q)+0.3p—19.3log(d)

where Q is total number of vehicles per hour, p is percentage of heavy vehicles and d is the
distance from the observation point to the center of the traffic lane.

Griffiths and Langdon proposed a simple mathematical model for estimation of the
equivalent noise level from the percentile levels (Lio, Lso and Lgg) according to the following
equations:

Leq =L, +0-018'(L10 - Lgo)zi
) L, = 61+8.4l0g(Q)+0.15p—11.5log(d),
L, = 44.8+10.8log(Q)+0.12p—-9.6log(d ),

Ly, = 39.1+10.5l0g(Q)+0.06 p—9.3log(d ).

Fagotti et al. determined functional relationship between the equivalent noise level and
the number of light vehicles N¢, motorcycles N, heavy vehicles Ny, and buses N per hour:

3) Leq =33.5+10log(N, + N, +8N,, +88N, ).

As all mathematical models have been developed by performing statistical analysis of the
experimental data, each of the models is strongly influenced by the composition and
peculiarities of the traffic flow and characteristics of the measurement locations. This is the
reason why the application of existing models is often limited to the urban environment where
the measurements were made. For that reason, for the purpose of prediction of traffic noise
level in the urban area of the city of Nis is developed a simple mathematical model. As the
equivalent noise level is logarithmic function of total number of motor vehicles, it was
modeled by the following equation

(4)  Leq = L,+10-log(N, +a, -N, +a,-N, +a,-N,+a,-N,_ )—10-log(d/d,)

where Lo represents average noise level of a light motor vehicle at distance do, while the
coefficients ant, an, ap and an, represent the number of light motor vehicles that generate the
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same noise level as one vehicle of the respective category (am: for medium trucks, ayn; for
heavy trucks, ap for buses, and a, for motorcycles). Referent distance d, was adopted to be
7.5 m, while the distance of the measurement point from the road center lane is denoted by d.
The third member in the sum accounts for spreading of sound.

In order to develop a novel model for prediction of traffic noise levels, measurements of
A-weighted equivalent noise levels were performed in urban areas of the city of Nis. Further,
traffic noise model parameters Lo, ant, an, a» and a, were determined by the experimental
data fitting using particle swarm optimization (PSO) algorithm.

MEASUREMENTS

A total of 270 measurements of A-weighted equivalent noise levels were performed
with Briiel&Kjaer 2260 and 2250 sound level meters in 18 streets of the city of Nis§, each with
duration of 15 minutes. All measurements were carried out, in dry weather conditions,
without snow coverage, and with wind speeds lower than 5 m/s. The measurements were
performed at distances 7-15 m from the axis of the road, and at height 1.5 m above the
ground. All measurement sites were at flat ground and above asphalt or concrete surface.
Measurement positions were distant from the intersections and traffic-control lights, so it was
assumed that all vehicles moved at a steady speed of 50 km/h, which is the speed limit for the
territory of NiS. During each of the measurements, traffic density data, containing the number
of light motor vehicles N¢, medium trucks Ny, heavy trucks Ny, buses N, and motorcycles Np,
were collected.

PSO OPTIMIZATION

Particle swarm optimization is a population based stochastic optimization technique
which is inspired by the collective behavior of a flock of birds. This technique was invented
by R. Eberhart ant J. Kennedy in 1995 [16]. The advantages of PSO are its easy
implementation, robustness to control parameters, and computational efficiency.

In PSO, each particle from the swarm, whose position represents a potential solution
of the optimization problem, moves through the multidimensional search space according to
its own experience and the experience of the whole swarm. Particles are initially placed at
random positions and move in randomly selected directions. Position of each particle is
evaluated by the fitness function. During each of the iterations, a particle changes direction
toward best positions achieved so far by the particle itself, and the whole swarm. In an n-
dimensional search space, i-th particle position and velocity are represented by vectors X; =
(Xi1, Xi2, - Xin)' 1 Vi = (Vig, Vio, ..., Vin)", respectively. In the k-th iteration of PSO algorithm,
particle updates its position and velocity according to the following equations:

5) Vit = oV o (P = XK e, (GF — X[ ), Xft = XK vt

where « is the inertia weight, c; and c, are cognitive and social scaling parameters,
respectively, r; and r, are random numbers between 0 and 1, while P;* and G* are best visited
positions by the i-the particle and the whole swarm, respectively. The searching process
repeats until the maximum number of iterations is reached or the error tolerance is met.

Table 1: PSO parameters

Number of particles 40
Inertia weight decrease from 0.9 to 0.4 during iterations
Cq1 2
Co 2
Number of iterations 1000

The simple functional dependence between traffic noise level and traffic flow
parameters (4) was optimized using PSO algorithm. The values of PSO parameters used in the
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optimization process are given in the Table 1. The traffic noise model parameters (Lo, ams, ant,
a, and ay) were estimated using 170 experimental data sets, and the result of the algorithm is
a set of parameters that minimize the mean square difference between the measured and
calculated noise levels. The results of the optimization are given in Table 2.

Table 2: Optimized parameters
L0 dmt dnt dp dm
43.61 3.89 6.95 5.46 1

RESULTS AND ANALYSIS

The results of traffic noise prediction of developed mathematical model are compared
with experimental results of noise level measuring and the results obtained by some of the
most used mathematical models for traffic noise prediction which are described in this paper.
Statistical analysis was carried out for all 270 measurement data sets. The mean values of the
absolute differences between measured and calculated noise levels (AL ) and standard
deviations of the differences (o) were calculated. Furthermore, the total number of predictions
with error larger than 3 dB (m) was determined for each of the applied models. In the Table 3,
the results of statistical analyses are separately presented for 170 measurement data sets used
in the optimization process (index “optim”) and 100 data sets used for testing (index “test”).
Figure 1 shows a comparative chart of measured and calculated noise levels. The results are
shown for randomly selected 30 of 100 measurements used for model testing.

Table 3: Comparison of different models for noise prediction
Model AL AL[rain AL[est o Otrain Otest m Mtrain Meest
PSO 1,37 1,33 1,43 0,92 0,94 0,88 12 7 5
Burgess | 2,00 1,83 2,30 1,37 1,40 1,28 59 32 27
Griffith 4,90 4,76 5,13 1,62 1,63 1,59 229 139 90
Fagotti 2,97 2,95 3,00 1,88 1,86 1,94 123 78 45

The results of comparative analysis clearly show that the application of the developed
mathematical model for traffic noise prediction presented in this paper leads to more accurate
predictions of noise pollution for the territory of the city of NiS. It is important to notice that
the number of predictions with an error larger than 3 dB is significantly reduced.
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Figure 1: Comparative chart of measured and predicted noise levels
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The reason for the superior performance of presented model is that it is developed on the basis
of experimental results of noise monitoring in the urban areas of the city of Nis, and,
therefore, tuned to the characteristics of the road traffic in this city.

CONCLUSION

Since the application of the extensively used mathematical models for traffic noise
prediction did not provide satisfying results for the territory of the city of Nis, a total of 270
noise level measurements were performed in 18 streets of this city in order to develop a more
accurate model.

Traffic noise levels were estimated made using a known model that accounts for
influences of different types of vehicles that are met in urban areas, and the contribution of
individual types of vehicles to the overall traffic noise level was calculated using the
evolutionary algorithm PSO.

The results show that such model significantly improved the estimation of the noise
emission levels in the city of NiS. The proposed model may be important in engineering
practice because it enables a simple prediction of the traffic noise level on the basis of traffic
composition data, which opens door for traffic noise management on the basis of re-direction
of traffic of certain types of vehicles.
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ChPBUA

Knwuoseu oymu: wymozamwvpcsasane, npocHOUpawne HA WyMmd, ONMUMUZAYUS HA
poeosume yacmuyu.

Pe3ztome:. Aemomobunnusm mpancnopm e eOuH om OCHOGHUME WYMO3AMbPCUMENU 8
epaocka cpeda. 3a O0a ce NPOSHO3UPAM NPAGUIHO HUBAMA HA WYMO3AMBPCABAHE, €
Heobxo0umo 0a ce usznoazsam nooxoodauu memoou. Om 1950 e. nacam 3a npocnozupane na
ULYMO3AMBPCABAHEMO Ce U3NON38aM U PA36UEAN OCHOBHO MAMEMAmMuiecky Mooenu, Kamo 6
HAYYHaAmMa Jumepamypa npeouMHoO ce cpewam Mooenu, 6a3upanu Ha pecpecuoHHU aHaiusu. B
HacmoAwuss  0OKIA0 ce Nnpuiaea ONMUMU3AYUAMA HA — poeogume  Yacmuyu  3d
YCHbBbPUICHCINBAHEe HA NPOC MAMeMAamuiecku Mooel 3d NpOSHO3UpaHe HA HUBOMO HA
wymosamvpcagane Ha mepumopusma Ha 2pao Huw, Cuvpbusa. Ilpocnosnume oannu om
mooena ce cpasHagam € XUNOMEMUYHU OAHHU, CHOUpAHU Npu  UMepeane Ha
WYMO3AMbPCABAHEMO, KAKMO U NpU U3NON36AHEMO HA 4Yecmo Cpewjanu Mooenu 3a
npoenosupane Ha wymozamvpcasanemo. Oceen mosa ca npedocmasenu u pesyimamume,
NONyYeHU npu CPAGHEeHUemo Ha OAHHUMe Om CMAMUCIMUYECKUs AHATU3 U USHUCTEHUMe HUBA
Ha wyma.
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