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Abstract

In the context of the «4™ industrial revolution» that is taking shape, people with certain knowledge, experience and ecological
culture are more actively involved in individual and collective decision-making to overcome various environmental problems. One of
these environmental problems is the acoustic noise of the environment. Today, many citizens are wondering: what is the level of acoustic
noise pollution in the place where I live, work, study or stay and whether it meets the standards. Is this sound level harmful to my health?
To answer these questions, many international and national standards and other regulatory documents have been developed. However,
these documents are complex, require the use of expensive equipment, i.e. inaccessible to ordinary citizens. On the other hand, the
computational, communication and sensory capabilities of modern mobile phones allow them to measure noise performance in order
to conduct noise monitoring. To do this, citizens need simple and clear methods, methodologies, instructions for assessing the noise
situation in a certain area and creating noise maps using these measurements. The article attempts to develop a simplified methodology
for conducting noise monitoring for citizens using their mobile phones. Also, for clarity of the process, monitoring experiments were
carried out with mobile phones and professional sound level meters, in order to assess the harmful effects of traffic noise (B. Vahabzade
Avenue) on an educational institution (Baku State University — BSU) and research activities (Institute Information Technology-IIT).

In preparing the article, general scientific methods and methodologies were used, such as analysis and synthesis, comparison,
generalization, and a systematic approach.

Citizens can use the survey results to identify areas of noise discomfort using their mobile phones.
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1. Introduction

It is known that at present environmental problems, such as global warming, a sharp decline
in biological diversity, erosion of fertile soils, desertification and others, concern all mankind.
Intensive human activity is also characterized by processes of environmental pollution. Like radio-
active and electromagnetic radiation, waste, etc., acoustic noise is also one of the physical factors
that pollute the environment [1].

According to a number of international and regional organizations, such as the World Health
Organization (WHO), the European Environment Agency (EEA), the US National Institute for
Occupational Safety and Health, NIOSH) noise pollution is the second most important factor after
air pollution due to the harmful effects on human health [2—4].

Medical studies have shown that people staying in an excessively noisy environment for
a certain period of time can directly lead to the development of a number of serious diseases or
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create a favorable environment for the occurrence of any pathologies [4, 5]. According to the WHO
Regional Office for Europe, 16000 deaths and 72000 hospitalizations are recorded annually in the
countries of the European Union (EU) due to noise. Also, in 1 million people, noise is identified as
the main cause of other diseases. Currently, due to strong noise, 500 million people in the world are
diagnosed with hearing impairment [2].

It should be noted that 80 % of the population of the EU countries are in zones of uncom-
fortable noise. According to WHO, over the past decade, the noise level in the world’s big cities has
increased by 40 %, and this trend has a positive trend. For example, 70 % of the territory of such
a metropolis as Moscow is subject to noise pollution [6]. Our primary studies prove that the noise
level in a significant part of the territory of Baku exceeds the permissible norms [7]. Most countries
in the world pay special attention to conducting research on noise problems, assessing the noise
situation in the territories through noise monitoring and measures to protect the population from
noise. For example, the annual costs of the EU for noise protection measures range from 1 to 2 %
of GDP (about 50 billion euros) [3]. Therefore, the study and assessment of environmental noise,
and the implementation of appropriate measures to protect human health from excessive noise are
relevant and important for each individual in society. The article deals with the issues of conducting
acoustic noise monitoring by citizens using mobile phones.

2. Materials and methods

The concepts of sound and noise are associated with auditory sensations and human per-
ception. Sound is created by mechanical vibrations of an elastic medium, which, propagating in
a gas, liquid or solid medium, affect the human hearing organs. In this process, only vibrations in
the frequency range 16 Hs—20 kHs, which produce a pressure higher than the hearing threshold (the
weakest audible sound level), are perceived as sound. In theoretical and practical studies, acoustic
noise is usually perceived as «undesirable and harmful noise of anthropogenic origin» [4, 7, 8].

According to, the main noise sources are divided into two groups: mobile and stationary
state standard 53187-2008 [9]. Moving noise sources are road, rail, air and water vehicles. Statio-
nary noise sources include engineering equipment of industrial and branch production, house-
hold appliances, etc. The ranges of levels created by noise sources are different and can also vary
widely during the measurement period. It should be noted that normal speech generates a sound
pressure level of 40—45 dB, motor vehicles — 50—-100 dB. A level of 120 dB creates pain in the ear,
and 200 dB is considered fatal. Therefore, in order to prevent the harmful effects of noise, which
manifests itself in hearing impairment up to its loss, it is necessary to determine the permissible
noise level as the cause of such pathological conditions, called «noise diseases», and develop a set
of measures to eliminate them [8, 10]. Therefore, taking into account the nature of sound sources,
regulatory documents have been developed — standards, sanitary and hygienic norms and rules that
determine the nominal and permissible noise levels for human activities, places of residence or stay.
It should be noted that the EU Directive 2002/49/EP/EC [11] was adopted as international standards
for noise management, the WHO ROE guideline for night noise [2].

Control and assessment of environmental noise pollution is carried out through noise moni-
toring and is one of the types of environmental monitoring. Noise monitoring, first of all, provides
a basis for continuous assessment of the environmental conditions of the human environment, de-
termination of appropriate measures in case of violation of target indicators. An assessment based
on the data obtained as a result of measurements and calculations during the monitoring process,
as well as the compiled operational noise maps, make it possible to identify areas of uncomfortable
noise and take appropriate organizational, technical and construction measures to protect the po-
pulation from the harmful effects of noise in these areas [12]. Other purposes of monitoring may be
the detection of hidden or implicit sources of noise, the determination of the technical parameters of
the noise performance of engineering equipment, the preparation of noise forecasts for territories, etc.
Note that the daytime noise map should reflect the impact of noise on people’s labor activity, and
the night map should reflect the impact of noise on people’s sleep.

Various aspects of the environmental noise monitoring process have been extensively
studied in the technical literature. For example, in [13], signals from sound sensors distributed
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over the monitoring area (along one street in Valencia) are collected in a processing center via
a WSN (Wireless Sensor Networks) network on the Internet of Things (IoT) platform. Formu-
las other than Directive 2002/49 are proposed for the calculation of various noise figures. In [14]
a comparative analysis of network protocols and routing protocols of the wireless data transmission
system of ad-doc sensors used in noise monitoring systems is presented, and recommendations are
given for their use. In [15], methods for eliminating and mitigating the effects of natural sources
of background noise (wind, tree noise, bird sounds, etc.) are investigated in order to improve the
accuracy of measurements in noise monitoring systems. In [16], the influence of the sampling rate
and the digit length of the quantization codes of converters (in sound level meters), which digitize
the analog signals of noise sensors, on the measurement accuracy is studied.

There are also studies of mobile phone monitoring of voluntary citizen groups based on the
Mobile Crowdsensing (MCS) platform and citizen science methods. For example, in [17], a group
from the University of Melbourne (Australia) created a monitoring network to assess the impact
of traffic noise on residents living in the same multi-storey building. Noise levels are measured by
sound sensors installed at different heights of the building and by residents’ and drivers’ mobile
phones. The measurements are transferred to the monitoring center, where they are processed by
standard monitoring methods. In [18—25], noise monitoring is carried out on a citizen science plat-
form: groups of volunteers take measurements using mobile phones and transfer them to a process-
ing center. The same work is carried out by specialists in parallel with the use of professional sound
level meters. Measurement results are processed by standard monitoring methods.

3. Results and discussion

Acoustic noise monitoring, as a rule, is carried out according to regulatory documents state
standard 53187-2008 [26] in the CIS countries and ISO 1996-2:2007 [11, 27] in the EU, respec-
tively. According to these documents, at the initial stage of monitoring, measurements and calcu-
lations are made according to the selected sound level indicators. The result of this process is the
calculation of annual estimated sound levels %7 based on the annual daytime estimated level 1%,
between 07:00-19:00, the annual evening estimated level L%, between 19:00-23:00, and the annual
night-time estimated level L}, between 23:00—07:00 (in both standards, the symbols d, e, n are used
from the English words d-day, e-evening and n-night, respectively, den-from their combinations).

The final is calculated [%” based on the average estimated values I%,, I5, and I, for one
week of each season. And these estimated weekly levels are calculated according to their average
daily, evening and night estimated levels. The daily parameters, in turn, are calculated from the
sound pressure levels (SPL) Lp for the above time intervals. For monitoring purposes, the equiva-
lent and maximum noise levels (in some special cases, other indicators) are taken as noise indica-
tors, taking into account the correction type «A» and other influencing factors.

It should be noted that, regardless of the required accuracy of the results, the practical imple-
mentation of monitoring is associated with significant difficulties. This is primarily due to the large
volume of measurements and calculations that require significant human and time resources. For
example, to compile one map with the main noise sources for a city with a population of 300000 people,
namely, a daily noise map reflecting integrated noise pollution with equivalent noise levels L 4., about
1 million measurements and calculations are required [28]. However, by admissible approximations
and a significant simplification of monitoring processes, it is possible to save many times labor costs,
time and achieve satisfactory results. Note that at each step of the proposed algorithm, both simpli-
fied operations for ordinary citizens and generalized requirements of the standards are indicated.

Thus, taking into account the similarity and features of international and regional (in the CIS)
standards, it is proposed to carry out the monitoring process according to the following generali-
zed algorithm:

1. Measurements should cover the entire territory, provided that the distance between the
measuring points (microphones) should be no more than 50 m from each other, carried out every
5 minutes during the day with fixing the coordinates of the measurement points. In the simplified
version, it is sufficient to take measurements at two or three points, in the morning, evening and
night intervals, with type «4» correction («4» scale is set by default). Depending on the purpose
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of monitoring, measurements are made in 1/2 octave bands of the frequency spectrum or 1/3 bands
of frequencies, if a more accurate spectral analysis of sounds is required (in a simplified version,
1/2 octave bands are enough).
2. Based on the indicators, %, [5,, L, the actual daily estimated sound level is calculated:
a) according to the CIS standard ISO 1996-2:2007:

16—e¢ e 8
den _ 105 /10 1L +K) /10 o 1Lk +K,)/10
Ly 101g[ 7 10 + 2410 + 2410 :|, (1)

where K., K, are corrections for evening and night time intervals according to state standard
53187-2008:5 in the evening, 10 for the night period, dBA; e is the duration of the night time interval,
b) according to the EU Directive [11]:

@
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3. According to the standard, by averaging the values of the levels, I%,, 5, and I, the
noise index is calculated for the reference time intervals (weekly, monthly, etc.):

— 1y
LRA:101g{N§1‘10L“’/10}y(kZd,E,n), 3)

where I%,. is the level of the reference interval calculated for day i, dBA; N is the number of days
in the reference interval, for example, for a week N=7.

4. In some cases, for example, near sources that generate noise of high intensity and with
a certain frequency (in buildings near the airport, around presses, riveting machines, construc-
tion sites, etc.) it may be more appropriate to determine the maximum noise level. This will allow
a more objective assessment of the harmful effects of noise. In this case, the algorithm procedures
remain the same, and L%” (for daily intervals or support intervals) is calculated by the maximum
L s Lotmaxs Limax 1€VELS:

LI;EAmax =m]a‘X{Llf‘lmaxj+Kj}’k=dveyn, (4)

where I j 1s the maximum sound level calculated when j noise source operates in k reference
time interval, dBA.

5. The results of noise monitoring obtained by measurements and calculations are processed.
First of all, this includes the elimination of repeated measurements, the rejection of measurements
with a difference of less than 3 dB at one point, data clustering by the same noise levels (with
a difference of 5 dB), taking into account the measurement coordinates, etc.

6. Based on the average annual values of noise indicators, operational noise maps of the
territory are compiled. According to the requirements of the standards, annual day and night maps
are mandatory, while others are compiled for the purposes of special monitoring. Group data with
the same noise level are connected by isolines, taking into account the coordinates on the physical
map of the area. The difference between areas is enhanced by visualization methods. In a simpli-
fied version, this is not necessary if the measurements were carried out at one or more close points.

7. The reasons for the occurrence of uncomfortable noise areas (zones) on maps (in a simpli-
fied version at measurement points) are analyzed, reports are developed for the relevant authorities
and action plans for noise protection and proposals for their application are drawn up.

Comparative studies (1) and (2) show that there are some differences between these formu-
las both in terms of terminology, sound level indicators and limit values chosen for monitoring
purposes, and in the mathematical formulas used to calculate these indicators. First of all, let’s
compare these formulas according to accuracy criteria. Then let’s evaluate the impact of road
noise (street noise) on various types of labor activity at two sites.
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First experiment. Comparison of calculation formulas according to the criterion of accuracy.
For calculations, the measurement data of traffic noise on the street (B. Vahabzade Avenue) bet-
ween the Institute of Information Technologies (IIT) and Baku State University (BSU) were used.
The measurement point is the extreme border of the carriageway (Fig. 1).

Fig. 1. Photo of the monitoring area (BSU on the left, IIT on the right)

To do this, in the morning, in the evening and at night, in sufficient quantities, measure-
ments were taken and the arithmetic mean values were calculated for each period of time. In both
experiments, let’s take the equivalent daily noise level as the noise indicator I%%. The measure-
ments were carried out using the «Sound Level Meter» function of the Xiaomi smartphone Redmi
Note 8 with the Android operating system.

To start measuring, it is first necessary to download and activate one of the Sound Meter
apps (e.g, Sound Meter, SPL Meter, Splend Apps, Db Meter, etc.) from an app database, such as the
Google Play Store (or simply called Play Market is the former name of Android Market). The smart-
phone will measure the ambient sound at a certain frequency (for example, once per second), calcu-
late the arithmetic average of the measurements during the session and correct them according to
type «4». The result, as an equivalent sound level L 4.4, measured in dBA, is displayed on the screen
in the form of text, graphs or tables. To improve the measurement accuracy, it is recommended to
run several sessions for as long as possible (for example, 1020 minutes) in the standard daytime,
evening and night periods. It is recommended that the measurements cover the driving time of light
and heavy vehicles at high speeds (the noise level is, among other things, directly proportional to
the speed and weight of the vehicles). There is no need to use other features of the «Sound Level
Meter» programs for the purposes of the experiment. Those interested can get detailed informa-
tion about other program options on the Internet. In the calculations for the evening and night pe-
riods, the same correction values for noise levels are used: 5 dBA for the evening and 10 dBA for
the night. However, the duration of the time intervals for the day and night periods are different.
If in (2) these durations are constants, then in (1) they are variables, and, according to state stan-
dard 53187-2008, depend on the geographical location, climatic conditions, etc., and the determina-
tion of their values is within the competence of the relevant executive authority. In Azerbaijan, this
is the Ministry of Ecology and Natural Resources. To show the differences in the results, in (1) let’s
take the following time periods: 14-hour daytime and 2-hour evening intervals, respectively. The
experimental data are presented in Table 1. As follows from the Table 1 difference between (1) and
(2) to some extent affects the calculation results. However, for practical purposes, the insignificant
difference between the results, due to the daily component, does not exceed the allowable limit.

184

Computer Sciences



Original Research Article: (2023), «kKEUREKA: Physics and Engineering»
full paper Number 4

In order to estimate the error of the results of measurements using a telephone, measure-
ments were also made in parallel with a professional sound level meter, such as a reference meter
of accuracy class 1 «Ecophysics-110A». A CAL200 instrument (accuracy class 1) was used as an
acoustic calibrator. Experiments have shown that the computational error of experiments conduc-
ted by mobile phones does not exceed 5—7 %, which, with a parametric assessment of sound sig-
nals, can be considered acceptable for monitoring purposes [29-31].

Table 1
Computational experiment data
Measured parameters L’,’M / Liay 24 / Lege Ly / Lyig
Arithmetic mean values of measured parameters, dBA 80 55.6 45.4

Time intervals of measurement periods

Formulas Diurnal Evening Night
According to the formula «(1)» 14 2 8
According to the formula «(2)» 12 4 8

Calculated daily levels
Lf;, dBA 77.67
Lgen, dBA 77.01

Second experiment. Assessing the impact of traffic noise on workplaces. Using experimen-
tal data, it is possible to calculate the impact of car noise on workplaces at both facilities, taking
into account the presence of green spaces — noise barriers on the path of noise propagation. The
noisy IIT object is workplaces in a one-story building located in front of its main building «A».
Fig. 2 shows the layout of the experimental objects.

BSU 1T
10 8
2 > 2
1 =y Al [

] = el
Re=8 m R.»=3 m|R;=15m
R,=40 m R,=8 m

Fig. 2. Scheme of arrangement of experimental objects

For the calculation, let’s use the formula from the methodological manual [32]:

L=L,+10lg®-101g(2nR?)~BoR —Bo. greeReree 3/ / 8, )

where L — value of the sound level parameter at the calculated point; Lp — average noise level of the
source (from Table 1: Lp =78 dBA); @ — noise directivity factor (® = 1, if the noise is evenly distri-
buted in all directions); R — distance from the noise source to the calculation point, m; B, — sound ab-
sorption coefficient in air, under normal weather conditions B, = 0.0052 dBA/m; B, g — sound level
reduction per 1 m of forest belt width, B geen =0.08 dBA/m; Ry, — forest belt width, m; f — mea-
surement frequency (in the experiment let’s take the standard frequency of 1/2 octave, f= 1000 Hs.

Calculation results:

1. For BSU:

Lysu = 78 +101g1-101g(6.28* 402) - 0.0052* 40— 0.08 * 8 * /1000 / 8 = 37.0 dBA.
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2. For IIT:
Lyt = 78+101g1—101g(6.28*82)—0.0052"‘8—0.08"‘3"‘\/3 1000 /8=51.36 dBA.

It follows that at the calculated point the noise level, according to SN 2.2.4/2.1.8.562-96, for IIT
has a relatively high value (51.3 > 50 dBA), for BSU within the normal range (37.0 <40 dBA) (Table 2).
An experiment was also carried out in order to compare the results obtained by formula (3) with the
results of measurements carried out by telephone. To do this, at different times, numerous measure-
ment sessions were carried out from the 2nd floor of the BSU building and inside building «4» (with
the windows of both buildings open). It was found that the results of calculations coincide with the re-
sults of measurements with an allowable error: Lgsy =36.5 dBA; Lt = 53.0 dBA. And the noise level
in the main building of the institute is much lower than the norm (=41 dBA) due to the role of building
«A» in preventing the propagation of sound vibrations and its remoteness from the sound source.

The IIT administration was informed about the results of the ongoing experiments and the
need to take certain measures to reduce excessive noise levels (for example, reducing the speed of
transport, prohibiting the movement of trucks, etc.).

The authors plan to conduct research on the following topics related to acoustic noise problems:

a) improvement of the methodology proposed in the article;

b) development of a method for analyzing noise by its spectral composition and assessing
it in more hazardous to health ranges using a mobile phone (for example, infrasonic frequencies);

c) development of a simple method for compiling noise maps of the territories of some crit-
ical objects (for example, our institutes, etc.), etc.

Table 2
Permissible sound levels for scientific activities and educational institutions according
to SN 2.2.4/2.1.8.562-96

Sound pressure levels, dB, in octave bands Level sound, Max. sound
with geometric mean frequencies, Hs L4, and levels

3.5 63 125 250 500 1000 2000 4000 8000 L...p dBA L e, dBA

Types of labor activity,
worker. place

1. Creative activity, work with increased

. L2 .. . 71 61 54 49 45 42 40 38 50 60
requirements, scientific activity, design, etc.

2. Classrooms, classrooms, teachers’ rooms, ...
auditoriums of schools and other educational 79 63 52 45 39 35 32 30 38 40 55
institutions, etc.

4. Conclusions

According to the results of the research, it is noted that at present acoustic noise pollution
has become a global environmental problem. Therefore, it is very important for the health of each
person to be able to assess the level of acoustic noise pollution in the place of its stay (at home, at
work, in an educational institution, etc.). Therefore, the article examines the issues of assessing the
level of noise pollution using the capabilities of modern mobile phones. For this purpose, a simple
and generalized methodology, of noise monitoring for ordinary citizens is proposed. Two widely
used formulas are also proposed for calculating the daily equivalent noise level using this metho-
dology, which is the main monitoring indicator. Computational experiments have been carried
out, which show that if to use the measurements obtained using applications for modern mobile
phones and calculate using both formulas, let’s get approximately the same results. Also, in order
to determine the measurement error over the phone, experiments were carried out in parallel with
a professional sound level meter and the results were compared.

To illustrate the use of the proposed methodology, an experiment was conducted to assess the
impact of traffic noise on the educational institution and research institute where the authors work.
The results of the monitoring were checked for compliance with the requirements of the regulatory
documents used in the CIS. It turned out that in the first case, the noise exposure is 37.0 dBA (the
norm is 40 dBA), which is within the normal range, in the second case it is 51.36 dBA, that is,
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above the permissible limit (the norm is 50 dBA). Due to the screening role of building «4» and the
remoteness, the noise level in the main building of the institute is below the norm (41 dBA). An ex-
periment was also carried out in order to compare the results obtained by the analytical formula (3)
with the results of measurements carried out by telephone. Some possible measures are indicated
to reduce the harmful effects of noise on the staff of the institute.
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