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a b s t r a c t

The purpose of this paper is to optimize noise emission level associated with two types of speed reducers
for different speeds of a vehicle (20, 40, 60 km/h) by Genetic Algorithm and Artificial Neural Network. The
optimization shows that the maximum level of noise is sensitive to speed reducer dimensions. It is
reduced by 24 dB(A) by changing the width from 0.6 m to 0.3 m for the height 0.04 m whereas, it is
reduced by 32 dB(A) by changing from the height 0.055 m and the width 0.9 m to the height 0.04 m
and the width 0.3 m.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Noise problems in highways have seen a considerable atten-
tion during the last century. More than 70% of environmental
noise on the highway are due to vehicles [1]. To control the
vehicle speeds, there are different speed reducers installed in
the street. Even though these speed reducers decrease vehicle
speeds, they can increase noise emission level maximum by
19 dB (A) [2]. Some investigations show that there is adverse
effect on human health for individuals who live in close proxim-
ity to the highways [3–8]. Some researchers demonstrate that
the level of traffic noise in highways is based on different factors
such as traffic volume, traffic speeds, and the number of vehicles
in traffic flow, and road surface and condition of street vehicles.
Several statistical and mathematical investigations present mod-
els to predict traffic noise level [9–16]. The noise data obtained
from sound level measurements can be analyzed, utilizing differ-
ent techniques. One of the applicable techniques to analyze the
measured data is to model the Sound-Pressure Level (SPL) of
the vehicles using a statistical package, SPSS along with a social
science approach [17–19]. In addition, as another technique,
noise annoyance can be predicted employing fuzzy logic
algorithms as used in [20–26]. In this context Artificial Neural

Networks, ANN, are known having the potential to be used in
data classification [27–30] as well as the whole noise level pre-
dictors (models). ANN has shown an enormous potential with
smaller errors in predicting environmental noise level from
transportation vehicles [31–36]. Genaro et al. worked on noise
data gathered from different streets in the city of Granada, Spain,
and used ANN in their analysis. They obtained results improved
by mathematical models as ANN’s error is less than 2% while
classical model’s error is more than 5% [37]. Kumar at el. inves-
tigated prediction of traffic noise with different methods and
compared with ANN models. As a result, it was concluded that
ANN models are more accurate and effective than other deter-
ministic and statistical models [38]. Sharma et al. developed an
ANN model for different cars. The results obtained by their
model in comparison with other models such as UK’s CORTN
model, USA’s FHWA, STACO model in Spain showed that ANN
is very applicable for the non-linear nature of noise problem
[39]. It is axiomatic that a proper optimized design of speed
reducers can decrease the level of noise emitted by vehicles
especially during passing speed reducers. The optimization can
be employed on source parameters such as vehicle speeds and
bump’s characteristics. In this study the noise emission level
for two different types of bumps has been experimentally stud-
ied. An ANN model with inclusion of Genetic Algorithm, GA, is
developed to minimize noise emission level of vehicles by opti-
mization of bump characteristics (height and width) and vehicle
speeds.
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1.1. Noise sources in vehicles

Nowadays, emitted noise from vehicles has found high impor-
tance. In previous decades, the competition among car manufac-
turers was increasing steering and reducing fuel consumption of
their vehicles, but these days the competition is in the acoustic
area. One of the most important problems which can be irritating
for drivers and passengers is the emitted noise from cars. There
are some humps and bumps in the vicinity of the intersections
for reducing car speed. These components can be one of the
sources that increases the level of emitted noise from cars. As an
example, a passing car, obviously has many noise emitting sources
where the emitted noise from engine and tire-road contact can be
considered as dominant sources compared to others, such as car
body or exhaust noises [45–47].

Some investigations declared that emitted noise from car motor
is due to mechanical parts and combustion operation in the engine.
Noise of mechanical parts includes initial and secondary mechani-
cal engagement in which the initial mechanical operation includes
gear engagement, crank shaft rotation and forces acting on the pis-
tons in the top and bottom dead centers. On the other hand, sec-
ondary mechanical operation includes exhaust, water pumps,
guard mechanism and time setting gears. The experiments near
the top dead center show 6 dB increase in the level of noise. Finally
it is ascertained that level of noise emitted due to first mechanical
operation is higher than the secondary operations [40–42].

Another important factor in the emitted noise from a car is the
contact between tire and road. Two main reasons are involving in
the emitted noise from tires: the first one is tire side vibration
which happens in the frequencies near the 500 Hz; the second
one is air passing through the tire groove in the frequencies near
the 100 Hz [43,44]. Rylander evaluated effect of various humps
and bumps on the emitted noise from car experimentally and
claimed that humps and bumps have significant effect on the emit-
ted noise from car especially in speeds above 50 km/h. But in the
speeds below the 50 km/h the emitted noise from the engine is
dominated [45]. In another similar study, Ling also highlighted
the same two main sources of emitted noise from a car [46,47].

1.2. Artificial Neural Network

Recently, Artificial Neural Networks, ANNs, have been known as
a solution to complicated-parametric problems. These intelligent
paradigms of learning and processing are able to solve convoluted
problems like automatic speech recognitions by training examples
while they are difficult to be modeled and simulated by classical
methods [48]. ANNs follow the function of the human brain via
parallel and densely interconnections including modifying
weights, synapse, in order to determine the progress of network
learning. A network can consist of numerous interconnected layers
of neurons comprising directed links associated with the weights.
Fig. 1 illustrates a schematic of ANN.

Artificial neurons receive inputs from other neurons or outside
of the network. These inputs are weighted as neurons stimulated
by collocation of these inputs. An activation function applies to
the all neurons that leads to the final output layer [49]. Addition-
ally, an extra input like 1 account for ANN’s known as a bias con-
nection. The goal of this paper is to utilize a best performing
ANN that can predict the output noise of a vehicle.

2. Materials and body

This study was performed according to ISO 7188 standard [50].
The test procedure was done by one passenger car passing on two
different bumps. Mass, power and tire width of the car are 1220 kg,

110 hp, and 0.185 m respectively. The bumps were installed by
ORFIRAN Company, a local manufacturer. During the experiment
procedure, the field’s temperature, the level of field background
noise, and wind speed were respectively 300 K, 45 dB(A), and
5 km/h. In addition, to be in congruency with ISO 7188, there is
no noise reflection by the experiment selected road for a distance
of around 50 m. The sound level meter (B&K 2060) was installed
at the height of 1.2 m above the ground and around 7.5 m away
from the middle of the established bumps. The experiment was
carried out for three different speeds 20, 40, and 60 km/h and were
repeated 12 times for each speed. The maximum noise level while
passing the bumps for engine ON and OFF were measured. Fig. 2
shows selected area, the car, and the sound level meter.

Figs. 3 and 4 show the noise emission levels in dB(A) of the
passing vehicle without bump and with bumps at heights of
0.04 m and 0.055 m when engine was ON and OFF.

According to the results evidences from Figs. 3 and 4, noise
emission level of vehicles depend on vehicle speed, height and
width of bumps, so optimization of these parameters in order to
obtain the lowest noise level is beneficial for surrounding areas
especially during high traffic volumes and high speeds.
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Fig. 1. A schematic of a feed-forward ANN.

Fig. 2. Area selected according standard ISO 7188.
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