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Background and Objectives: Due to the sound caused by various machines and
tools in different agriculture sectors, occupational safety and health should be
continuously evaluated. Indeed, the harmful effects of sound can be better reduced
when the effects of sound on people's health and performance are fully known.

Methods: In this study, a garden tractor was used. Sixteen volunteers were
exposed to the sound of the tractor, and their EEG was recorded at four different
engine speeds. Then, Higuchi and Katz methods were used to calculate the fractal
dimension of sound signals as well as brain signals.

Results: The results showed that by increasing engine speed, the values of the
fractal dimension in both Higuchi and Katz methods increased. The results also
showed an increase in the fractal dimension of brain signals due to an increase in
engine speed. The regression results also showed a high correlation between the two
brain signals and the sound. The coefficient of explanation was 0.896 and 0.859 in
Higuchi and Katz methods, respectively.

Conclusion: This study showed that people's reactions, when exposed to sound,
can be predicted using the fractal dimension. Therefore, it is possible to estimate the
characteristics of brain signals without recording them, which are often costly and
time-consuming.
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Extended Abstract

Introduction

Due to the sound caused by various machines and
tools in different agriculture sectors, occupational
safety and health should be continuously evalu-
ated. Among the most important adverse effects
of sound on humans, in addition to permanent and
temporary hearing loss, we can mention such
things as reduced work efficiency and increased
risk of accidents, sleep disorders, neurological
and mental disorders and cardiovascular disease
[4-9]. This phenomenon has also had detrimental
effects on agricultural activists [10]. Indeed, the
harmful effects of sound can be better reduced
when the effects of sound on people's health and
performance are fully known.

Given that a group of agricultural activists who
deal with a variety of machinery are directly
exposed to sound, it is absolutely necessary to be
aware of the effects of sound on this occupational
group. Although studies have been conducted on
the relationship between the fractal dimension of
external stimuli and the types of human biological
signals, according to the research, no studies have
been conducted on this topic in the country,
especially in the agricultural sector, or to be more
precise, no results have been published. Consid-

ering that tractors are used in most agricultural
affairs and most of the common tractors in the
country do not have cabins, the aim of this study
was to investigate the relationship between sound
as an external stimulus that most tractor drivers
are exposed to and their reaction during work
with Use brain activity assessment.

Methods

In this study, a garden tractor was used. Sixteen
volunteers were exposed to the sound of the
tractor, and their EEG was recorded at four differ-
ent engine speeds. Then, Higuchi and Katz meth-
ods were used to calculate the fractal dimension
of sound signals as well as brain signals.

Results

The results showed that by increasing engine
speed, the values of the fractal dimension in both
Higuchi and Katz methods increased. The results
also showed an increase in the fractal dimension
of brain signals due to an increase in engine
speed. The regression results also showed a high
correlation between the two brain signals and the
sound. The coefficient of explanation was 0.896
and 0.859 in Higuchi and Katz methods,
respectively.
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Figure 1. EEG recording using a standard cap 10-20 (right) and the position of the electrodes on the head (left)

Discussion

The results of this study indicate that the fractal
dimension of tractor sound signals increases with
increasing engine speed, and this increase can be
seen in both Katz and Higuchi methods. In general,
with increasing engine speed, the speed of move-
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ment of engine parts and components increases on
the one hand, and on the other hand, the vibrational
movements of other tractor components increase.
For this reason, in various studies, an increase in
sound pressure level has been reported in exchange
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for an increase in engine speed [37, 36]. Given that
increasing the sound pressure level is associated
with more irregularity of the sound signal, increase-
ing the fractal dimension of the sound signal seems
reasonable [26].

Given that the volunteers participating in this study
were only exposed to motor noise, changes in the
fractal dimension of brain signals can be attributed
to changes in sound. The effect of sound on human
brain activity has also been reported in other studies.
Research has shown that human exposure to pleas-
ant and unpleasant tones in different areas of the
brain is effective [38]. Noisy work environment can
also cause changes in brain signals [39]. As menti-
oned earlier, the purpose of this study is to inves-
tigate the relationship between voice and brain
response in individuals. For this purpose, regression
was performed between the fractal dimension of
brain signals and sound. Although a strong and
significant correlation was observed between HFD
brain signals and sound, no such conclusion was
reached for KFD. This indicates that the method of
determining the fractal dimension is important that
in other researches, different results of the methods
of determining the fractal dimension have been
mentioned [41, 40]. However, the high accuracy of
Higuchi method in estimating the fractal dimension
compared to other methods such as Katz has been
confirmed in other researches [32].

The existence of a correlation between the fractal
dimension of external stimuli and the reaction of
people who are exposed to those stimuli has also
been mentioned in some studies [42, 30]. As the
results of this study show, with the increase in the
fractal dimension of the Higuchi sound as an
external stimulus, the fractal dimension of the brain
signal also increased. In fact, increasing the comple-
xity of sound has increased the complexity of brain
signals, which is consistent with the results of other
research [30]. After confirming the existence of a
strong correlation between the variables, perhaps
the most important thing to look for is to find an
equation that shows this relationship mathemat-
ically. Different models have been used in research,
but due to the high predictability of fractal-based
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models, these models are superior to other
mathematical models [30]. In order to obtain a
simple linear model with the least number of
variables, regression between the fractal dimension
of Higuchi sound signals and brain signals was
performed separately in each band. According to the
results, the two alpha and beta bands had the greatest
effect in this regard. The influence of alpha and beta
bands on external stimuli has also been expressed in
other studies [43, 39]. Changes in alpha and beta
bands are considered as a criterion for diagnosing
drowsiness, fatigue, stress, etc. [45, 44].

Although according to Equation 8, 98.3% of the
sound changes can be explained by the two
variables alpha and beta, a more accurate answer
was obtained using the three variables alpha, beta
and theta, which had the highest correlation. Using
the obtained models, it is possible to study the
characteristics of brain signals in response to sound
changes. Because the recording of brain signals
must be done under certain conditions and will
usually be time consuming, we will be able to
predict the characteristics of brain signals without
recording them by finding the equations governing
the relationships of external stimuli and the reaction
of individuals during work.

Conclusion

This study showed that people's reactions, when
exposed to sound, can be predicted using the
fractal dimension. Therefore, it is possible to
estimate the characteristics of brain signals without
recording them, which are often costly and time-
consuming.
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