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Abstract. Noise pollution is generally regarded as an exposure of people or wildlife to levels of 

sound that are annoying, stressful, or damaging to the organism. Humans are exposed to noise 

constantly, from barely audible levels to potentially painful and damaging levels. Cities and 

agglomerations are subjected to the environmental noise pollution in a greater extent, so the 

smaller towns and villages are usually neglected in such monitoring studies. The aim of the 

present study was to: 1) develop a system for continuous environmental noise monitoring; 2) 

test and validate the system in the urban area of Smolyan town, Bulgaria; 3) assess the level of 

noise pollution based on systematic measurements. A simple system for continuous 

environmental noise monitoring has been developed. The system uses budget noise meters, class 

2 (verified to be effective enough), placed in special cells for protection from atmospheric 

influences. The analogue signal from the sound me-ters is digitized and processed by a 

microcontroller to obtain the equivalent noise levels. This data is transmitted through an 

Ethernet controller to ThingSpeak, an IoT application and API for storing and retrieving data 

using HTTP protocols. Data from the continuous monitoring proved the existence of a 

significant environmental noise pollution in Smolyan (both in the central part and residential 

areas), which was almost permanent during twenty-four hours and all year round. 
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Introduction 
Noise is regarded as unwanted or disturbing 

sounds into the environment that affects the 
health and well-being of human, terrestrial and 
aquatic organisms (Lancet Regional Health-
Europe, 2023). Nevertheless, the noise pollution 
receives far less attention than air or water 
pollution because it cannot be seen, tasted, or 
smelled.  

Air quality and noise pollution are major 
concerns for European cities as every year, around 

7 million people die prematurely due to diseases 
related to air pollution all over the world – over 
350 thousand of them in the EU area. According 
to WHO (2011) estimates, at least 1 million healthy 
life-years (disability-adjusted life-years, DALYs) 
are lost annually from traffic-related environ-
mental noise alone in western Europe. 

Noise is a serious problem for at least one in 
five EU citizens causing direct and indirect effects 
on human health. Direct injuries to the auditory 
system revealed at hearing loss and tinnitus 
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(Lancet Regional Health-Europe, 2023). Indirect 
effects are associated with an increased incidence 
of cardiovascular diseases in addition to causing 
annoyance, disturbed sleep, and impaired cog-
nitive performance. It is estimated that the burden 
of disease, estimated as DALYs lost from 
environmental noise in western European 
countries alone, is equivalent to 61 ,000 years for 
ischemic heart disease, 45, 000 years for cognitive 
impairment in children, 903, 000 years for sleep 
disturbance, 22 ,000 years for tinnitus, and 654,000 
years for annoyance (Lancet Regional Health-
Europe, 2023).  

European population exposure to noise is 
increasing compared to other environmental 
stressors. The control and management of noise in 
the urban environment is defined in Directive 
2002/49/EC “as part of Community policy to 
achieve a high level of health care and environ-
mental protection”. In order to prevent adverse 
health and environmental effects from the spread 
and impact of the noise factor, a National System 
for Monitoring Noise in the Environment has been 
operating in Bulgaria since 2006 (Regulation No 
54, 2011). The Regional Health Inspectorates (RHI) 
in the country conduct systematic observations on 
noise load in cities according to the requirements 
of a special Guidelines methodology (2007), 
approved by the Bulgarian Ministry of Health. 
Since January 1, 2006, the Environmental Noise 
Prevention Act (2005) has been in force in Bulga-
ria, which lays down the requirements regarding 
the assessment and management of noise, which 
appear in the European Union Directive 
2002/49/EC. 

It was estimated that the environmental noise 
poses a significant environmental risk and threat 
to public health in Bulgaria, especially in major 
cities like Sofia (Dzhambov et al., 2023), Plovdiv 
(Dzhambov & Dimitrova, 2016), Varna (Chutur-
kova et al., 2015), etc. Transport noise has the 
strongest influence on the acoustic environment - 
its share is 80-85% of the total noise load in these 
cities.  

The continuous increase in the number of 
motor vehicles in motion and errors in urban 
planning are the main reasons for the formation of 
an urbanized environment with an adverse 
acoustic regime for human health in many 
Bulgarian cities. For this reason, the law obliges 
the relevant competent authorities to determine 

the level of noise pollution in the environment by 
measuring, assessing and mapping noise levels 
and developing strategic noise maps, especially 
for agglomerations with more than 100 000 inha-
bitants. The so-called acoustic planning aimed at 
preventing and reducing noise in the environment 
is being introduced (Environmental Noise 
Prevention Act, 2005). The Regional health 
inspectorates are the bodies that annually prepare 
noise characteristics of populated areas. Through 
these characteristics, a complex assessment of the 
noise load of all regional cities in the country, 
including some larger settlements, is carried out. 

The town of Smolyan does not fall under 
these agglomerations, but the majority of the 
streets of the city are significantly burdened by 
vehicle traffic. The noise emitted by them is 
invariable, with a pronounced seasonal character, 
related to tourist activity. The noise in the 
environment caused by local sources on the 
territory of the municipality is controlled by RHI - 
Smolyan. The most affected by the traffic noise are 
found the territories located immediately next to 
the road routes. The rest of the terrain is affect-ed 
to varying degrees, depending on the distance to 
the road route and the presence of barriers along 
the way of noise propagation (buildings, fences, 
etc. elements) (Program for Environmental 
Protection on the territory of Smolyan 
Municipality, 2022-2028). It should be noted, that 
the noise measurements are carried out only at 
certain points, once per year, usually in the period 
September - October. An annual measurement of 
the equivalent noise level per point, although 
averaged over two different days, does not give a 
clear idea of the noise load at the measurement 
location. The night-time levels that affect sleep 
and hence the health and well-being of a person 
remain absolutely unknown.  

Based on the above mentioned, the aim of the 
present study was to: 1) develop a system for con-
tinuous environmental noise monitoring; 2) test 
and validate the system in the urban area of 
Smolyan town, Bulgaria; 3) assess the level of noise 
pollution based on systematic measurements. 

 
Materials and Methods 
Development stages of the system 
At the beginning of the process of system’s 

construction, an algorithm for actions needed was 
set as follows:  



Hadzhigenchev et al. 

93 
 

Step 1. Hardware equipment – sound/noise 
level meter  

Step 2. Programs for the operation of the 
microcontroller - digitization of the sound level 
meter signal, equivalent level calculation and 
uploading the data to the Thingspeak server 

Step 3. Development and calibration of the 
stations 

Step 4. Installation of the stations 
Step 5. Programming of the Internet page and 

uploading to the WEB server. 

Step 6. Getting data from the DATA server 
Step 7. Data processing programs and 

visualization of results 
The block diagram of the system is presented 

on Fig. 1. Each noise monitoring station consists of 
a sound level meter with a voltage output, a 
microcontroller for data processing and an 
Ethernet controller for transmitting the data to the 
data server. In addition to the data on the 
equivalent noise level, data on temperature and 
air humidity are also transmitted to the server. 

 

 

 

 

Fig. 1. Block diagram of the system. 

 
Selection of a sound level meter  
The class of the sound level meter describes 

its accuracy as determined by the relevant inter-
national standards. Sound level meters are 
defined by international standards such as IEC 
61672-1:2013 or Bulgarian BDS EN 61672-1:2014. 
These standards de-fine a wide range of accuracy, 
performance and calibration criteria that 

instruments must meet in order to be suitable for 
the purpose of the sound measurement. There are 
two allowable tolerance levels within the standard 
and these are known as Class 1 and Class 2. Class 
1 sound level meters are called “precision” and 
those of Class 2 – “general class”, mainly because 
of the different levels of tolerance at different 
frequencies defined in the standard (Table 1).

 
Table 1. Performance criteria of sound meters according to the standard IEC 61672-1:2013. 

 

Performance criteria - 
tolerance limits at 

reference frequencies 
Class 1 Class 2 

(IEC61672-1:2013) +2.5dB, -4.5dB +5.5dB, - ∞dB 
16Hz +/- 2.5dB +/- 3.5dB 
20Hz +/- 1.1dB +/- 1.4dB 
1kHz +2.6dB, -3.6dB +5.6dB, -∞dB 
10kHz +3.5dB, -17dB +6.0dB, -∞dB 
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The biggest differences between the two 
classes are at the lower and upper limits of the 
audio frequency range where Class 1 sound level 
meters have tighter tolerances and are therefore 
more accurate. At a frequency of 1 kHz, the 
difference in accuracy between the two classes is 
0.3 dB. Considering these differences, the question 
of the frequency spectrum of street noise naturally 
arises, so that was postulated as one of the study’s 
tasks. 

Road traffic noise has two main sources: the 
vehicle's engine and drivetrain, and the inter-
action between the tires and the road. Engine and 
transmission noise is dominated by low-
frequency components with a maximum in the 50 
- 100 Hz range (Murphy & King, 2022). Tire noise 
has a maximum at about 1 kHz, which in the 
general spectrum smooths out with distance from 
the source due to the frequency dependence of the 
propagation attenuation of sound waves (Jonas-

son, 1999). Another possible source of sound 
energy in the high frequency part of the spectrum 
is aerodynamic noise from vehicles at high speeds 
(Murphy & King, 2022), but this is not typical of 
urban traffic. 

So, regarding this task, a recording with a 
broadband microphone and amplifier was made 
and then the noise spectrum of the main street in 
the town of Smolyan during the day and regular 
car traffic was analyzed. The spectrum was 
obtained using the “Frequency Analysis” tool of 
Audacity program (https://www.audacityteam.org/). 
The noise energy was found to be concentrated in 
the 50Hz-4kHz range with a maxi-mum around 
230Hz (Fig. 2). 

Two types of sound level meters were chosen 
(Class 1 and Class 2, respectively) and a 
comparison of their effectiveness for noise level 
monitoring was made. The devices and their 
technical properties are presented below (Fig. 3).

 

 
 

Fig. 2. Spectrum of road traffic noise (recorded on the main street in the town of Smolyan). 
 

 

 

 

B&K2238, Class 1, ± 0.7 dB GM1357, Class 2, ± 1.5 dB 
 
Fig. 3. Sound level meters’ characteristics. 

 

https://www.audacityteam.org/
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They were compared as follows. The tested 
and reference sound level meters are located in a 
horizontal plane, symmetrical to the middle of one 
side of a parallelepiped-shaped box. The box is 
made of chipboard with a thickness of 18 mm and 
inner walls lined with mineral wool. Attached to 
the center of the opposite base is a small circular 

full-range speaker (SP), driven by a low-power, 
wide-band audio power am-plifier (PA). A Sine 
Wave Generator (FG) from Christian Zeitnitz's 
Soundcard Oscillo-scope program is applied to 
the input of the amplifier. A B&K2238, class 1, 
which passed the metrology test, was used as a 
reference sound level meter (Fig. 4).

 

 
 

Fig. 4. Experimental design for testing of sound level meters. 
 
 

The differences in the readings of the tested 
and reference noise meters (∆, dB), at different 
frequencies and different levels of the output 
signal of the sinusoidal generator (FG), have been 
calculated and presented on Fig. 5. It can be seen 
that in the range from 16Hz to 10000Hz the 

difference in the readings of the tested and refe-
rence sound level meters does not exceed ±1.0 dB. 
Therefore, the tested sound meter GM1357 com-
plies with Class 2. Moreover, in this frequency 
range where the street noise energy is concen-
trated, it also meets the requirements for Class 1.  

 

 

Fig. 5. Sound level meters’ comparison. 
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As a conclusion of the test performed, we 
proved that in a distributed environmental noise 
measurement system, we can use the much 
cheaper Class 2 noise meters instead of the precise 
but expensive Class 1 with equal success. 

So, for use in our system, we chose a Class 2 
noise level meter, model GM1357 with analog 
output. The output analog signal from the sound 
level meter is propor-tional to the sound level - 
UDCout[V] = 0.01(LA)[dB] and when the sound 
level chang-es between 30 and 90 dB it changes 
from 0.300 to 0.900V. Here (LA)[dB] is the sound 
level in dB. Since this signal is obtained with the 
A-weighting of the noise level meter on, the 
equivalent level calculated by the microcontroller 
will be A-weighted (LAeq). 

 
Definition of equivalent noise level  
Another difference between the two classes is 

the availability of integrating func-tions on most 
Class 1 sound level meters to calculate the equiva-
lent level. (The values in the normative documents 
are given precisely for this level.) However, the 
digitization of the signal from the analog output 
of Class 2 sound level meters and the calcula-tion 
of the equivalent level is not a problem for modern 
microcontrollers. 

An Atmel 328 microcontroller with an Ether-
net adapter is used with the Arduino platform to 
determine the equivalent noise level and send it 
along with the weather data to the Thingspeak IoT 
platform. 

During a set time interval, the microcontroller 
digitizes the analogous signal from the noise level 

meter and at set intervals calculates the equivalent 
levels according to the formula: 

 

𝐿𝐴𝑒𝑞 = 10 log [
1

𝑛
∑ 100.1 (𝐿𝐴)𝑖𝑛

𝑖=1 ]  (1) 
 

where n is the number of measurements for the 
given time interval and (LA)i is the value of the 
measured A-weighted noise level at the i-th 
measurement. 

 
Data acquisition and processing 
The equivalent noise level is calculated accor-

ding to formula (1) for an intervals of 30 s and 300 
s, with individual (LA)i measurements performed 
every 100 or 1000ms (10Hz or 1 Hz sampling rate). 

Data visualization is done on a website, 
written in a text HTML editor and hosted on a free 
Internet domain. 

The graphics are embedded in the HTML 
code and are updated in real-time using HTTP 
requests to the Thingspeak server. 

 
Results and Discussion 
Verification and calibration of the 

experimental setup 
To test the operation of the chosen Class 2 

sound level meter + microcontroller system, we 
used the following laboratory setup as shown on 
Fig. 6. In this case, instead of a generator, the com-
puter plays a 5-minute recording of street noise. 
The microcontroller (MC) digitizes the analog 
signal from the sound level meter and at 30 and 
300s calculates the equivalent levels L30 and L300 
according to formula (1) and transmits them via 
RS232-USB to the computer.

 

 
 

Fig. 6. Laboratory setup for testing the determination of the Equivalent Sound Level. 
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The difference between the equivalent recor-
ding noise levels measured by the Class 2 sound 
level meter + microcontroller system and the 
reference sound level meter for 300s at different 
levels and two different sampling rates 1 and 10 

Hz are shown on Fig. 7. It can be seen from the 
graphs that the differences are within ±0.6dB and 
that using a lower sampling rate (1Hz) does not 
result in a significant decrease in accuracy. 

 

 
 

Fig. 7. Calculated values for 300s Equivalent Sound Level Difference (Class2+Program - Class1) at 
two different sampling rates. 

 
Construction of a noise monitoring station 
In order to protect against meteorological 

influences, the noise meter cell was made in the 
likeness of the shields of weather cells. They pro-
tect the thermometers and hygrometers from 
precipitation and solar radiation and at the same 
time ensure unhindered circulation of the sur-
rounding air. Thus, here too, in addition to pro-
tecting the sound meter from precipitation and 
solar radiation, access of the sound waves to it is 
ensured without major attenuation and 
distortions. It also allows the installation of other 
sensors such as temperature, humidity and 
atmospheric pressure. 

The mechanical resistance is ensured by 4 
galvanized studs. Through spacer sleeves, they 
hold 9 polypropylene bowls with slotted bottoms. 
The sound meter and the temperature-humidity 
sensor SHT11 are placed in the inner space thus 
formed (Fig. 8a). The sound level meter is 
prepared for continuous operation by being 
redesigned to eliminate automatic power-off 
when operating on batteries.  

A set of 10 noise monitoring stations was 
prepared and installed in convenient point on the 
Smolyan’s territory (Fig. 8b). The noise meter and 
the microcontroller are powered by a low-power 
6V adapter via the Ethernet cable.

 

a)  b)  
 

Fig. 8. Noise monitoring station: a) Design of a noise monitoring station; b) General view of the 
installed noise monitoring station. 
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System configuration and validation in the 
urban area of Smolyan town, Bulgaria 

The microcontroller receives data from the 
thermohygrometer via the I2C split, and via the 
SPI interface controls the Ethernet controller and 
ensures the transmission of the data to Things-
peak (Fig. 9). 

The noise exposure indicators Lday, Levening and 
Lnight values represent the day, evening and night 
equivalent noise levels respectively, calculated 
from the data, downloaded in .csv format from the 

server of Thingspeak, by using formula (1). Lmin 
and Lmax are respectively the minimum and 
maximum values of the equivalent noise level, 
measured by a station. 

Data obtained by the system for continuous 
noise monitoring have been compared to the day, 
evening and night limit values of the equivalent 
noise levels (Lday_n, Levening_n and Lnight_n), according 
to the regulations in the Republic of Bulgaria 
(Regulation No 6, 2006), as presented on Table 2. 

 

 
 

Fig. 9. Data visualization. 
 
 

Table 2. Limit values of environmental noise indicators (Regulation No 6, 2006). 
 

Territories and planning zones in the 
urbanized territories and beyond them 

Equivalent noise level dB(A) 

Day Evening Night 

Residential zones and areas 55 50 45 
Central city areas 60 55 50 

Territories subjected to intensive traffic 60 55 50 

 
 
As a result of the measurements made by the 

system for continuous noise monitoring, it was 
found that the average equivalent noise level in 
RHI Smolyan station is 66-68 dB (above the limit 
value of 60 dB). Maximum values were in the 
range 77-78 dB due to the road traffic on Bulgaria 
Blvd. and the nearby parking lots (Fig. 10). 

On the Ustovo station, it was found that the 
average equivalent noise level is 67-70 dB (above 
the limit value of 60 dB) and maximum values 76-
78 dB (Fig. 11). There are high maximum values of 
the equivalent noise level generated by road traffic 
from nearby intersections.
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Fig. 10. Data from continuous noise monitoring on Bulgaria Blvd. (central part of Smolyan). 
 
 

 
 

Fig. 11. Data from continuous noise monitoring on Ustovo residential area (Smolyan). 
 
 

Based on the data obtained, a significant en-
vironmental noise pollution was found on the 
studied territories of the Smolyan town, and it was 
almost permanent during twenty-four hours and 
all year round. It was more expressed into the 
central part where the exceedances of limit values 
are as follows: 10% of day limit value, 12% of 
evening limit value, and 15% of night limit value 
(Table 2, Fig. 10). Station in the Ustovo residential 
area clearly demonstrated that the exceedances of 
limit values revealed at 8% above the day norm, 
10% above the evening norm, and 15% above the 
nigh norm. 

Many studies have proven that the noise 
pollution can provoke cardiovascular disorders in 
pregnant women (Sears et al., 2018), alter the fetal 
development (Selander et al., 2019), as well as it 
can lead to disruption of communication and 
retentive capabilities in children (Tesoriere et al., 
2018). Adult population often suffer by annoyance 
and anxiety (Paiva et al., 2019), mental health crisis 
(Freiberg et al., 2019), sleep disturbance and 
insomnia (Eze et al., 2018; Radun et al., 2019). 
Noise pollution related are found to be also some 
cardiocerebrovascular diseases (Oh et al., 2019), 
type 2 diabetes incidence (Dzhambov & Dimit-

 

 

   26, Bulgaria Blvd. (city of Smolyan) 

 

Fig. 12. Data from continuous noise monitoring on Ustovo residential area (Smolyan) 

 

Based on the data obtained, a significant environmental noise pollution was found on the studied 

territories of the Smolyan town, and it was almost permanent during twenty-four hours and all 

year round. It was more expressed into the central part where the exceedances of limit values are 

as follows: 10% of day limit value, 12% of evening limi 

      Ustovo residential area (city of Smolyan) 
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rova, 2016; Thiesse et al., 2018), myocardial 
infarction incidence (Bräuner et al., 2018; Zock et 
al., 2018), peptic ulcers (Min & Min, 2018), etc. 

 
Conclusions 
A simple system for continuous environ-

mental noise monitoring has been developed. The 
system uses budget noise meters, Class 2 (verified 
to be effective enough), placed in special cells for 
protection from atmospheric influences. The ana-
logue signal from the sound meters is digitized 
and processed by a microcontroller to obtain the 
equivalent noise levels. This data is transmitted 
through an Ethernet controller to ThingSpeak, an 
IoT application and API for storing and retrieving 
data using HTTP protocols. 

Data from the continuous monitoring proved 
the existence of a significant environmental noise 
pollution in Smolyan (both in the central part and 
residential areas), which was almost permanent 
during twenty-four hours and all year round. The 
major source of environmental noise pollution in 
Smolyan was found to be the road traffic – at 
stations with intensive road traffic the registered 
sound levels exceed considerably the established 
limit values. This problem should be addressed by 
the Municipality and some possible measures are 
provided by the EU Committee of the Regions 
which recommends the adoption of measures 
mostly at public transport sector, including under-
ground transport systems, walking and cycling 
alleys, speed limitation, reduction of the traffic 
flow intensity, etc. 
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