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1. INTRODUCTION

Noise pollution is one of the most critical and overlooked environmental challenges. According to the
World Health Organization (WHO), noise pollution from traffic or roads has a significant negative impact on
people’s health and living quality. An undesired sound made by activities that is damaging or destructive to
one’s health-quality of life is referred to as environmental noise. Noise is defined as an auditory pollution or a
sound that is ‘out of place’ [1]. Despite all of the difficulties and negative consequences of noise pollution, we
must eventually go about our daily lives. So, keeping all of these factors in mind, our system will operate in any
setting and will be a highly portable device to carry around. As our system is Arduino [oT cloud based, we must
acquire or collect data in real time and use it for future purposes. As a result, because our system is web based as
well as mobile application based, it has actual data for subsequent technological use in any assessment process
as well as easy access to real time noise monitoring analysis data, make up an integrated supervisory system for
increased comfort and strategies to make it easier to manage noise levels [2], [3]. Children are becoming ill as
a result of the high noise levels, and pregnant women are suffering as a result of hearing loss. There’s also the
possibility that this will have an impact on wildlife. If noise pollution is not successfully controlled, it will have
substantial long-term public health repercussions. People become habituated to their home’s noise levels and
are unable to distinguish background noise pollution [4]. Our solution is IoT-based, which means it collects
real-time data on decibel variables. The internet of things (IoT) concept aims to connect people, data, things,
and processes in a global network that, when used wisely, can dramatically improve daily life, especially in
smart cities [S]. In current modern cities, noise measurements are mostly done by local professional police
officers. The officers primarily collect noise data in a specific location or area for examination and storage
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using a sound measuring meter [6]. It will be difficult, but not impossible, to transform Dhaka into a noise
pollution free city. We are actually using the Arduino IoT Cloud to capture real-time data on a daily basis.
For our proposed system, Arduino IoT Cloud is primarily a software that can quickly retrieve data while also
being simple and secure to utilize. The decibel unit is commonly used to measure sound. The loudness of the
surroundings varies for the noise intensity level depending on the decibel range. Sound waves are produced by
longitudinal waves moving in a To and Fr direction.

2. LITERATURE REVIEW

The human ear perceives sound as a change in pressure wave migrating through the air. However,
noise may be quite unpleasant. The distinction between loudness and sound is identified by the receiver and
the situation.

As indicated by a review led by Lapono andPingak [7]], the assessment among experimental instru-
ments and selective laser melting (SLM) design of systems, exhibits that the results are not essentially different.
Therefore, it was identified that the proposed equipment is able to proficiently perform well. The equipment
might screen 44 and 94 dB sound reach and give admonitions through cautions.

In the work Soler-Llorens et al. [8]], a minimal expense Arduino based seismometer was implemented
for educational purposes. However, the inspection frequency and amplitude vary, making it unreliable for
study. The precise synchronization among the monitors necessary for acoustic noise element observations is
not properly addressed in this scenario.

In published research Fernandez-Prieto et al. [9]), some analyses have been initiated between the noise
indices produced by the IoT devices. It includes those from a conventional noise level meter. The observations
illustrate that the proposed technique is well equipped for use as a preliminary step for obtaining accurate noise
maps in smart urban areas.

Rajagukguk and Sari [10]] constructed a noise detection library implementing the Arduino mega micro-
controller 8535. Its has a throughput already in the form of signal sounds. However, its loudness is just on a
7-segment, with such a decibel pressure of 43.4 dB in the space.

Jarupula [[11] have shown a commotion recognizer. It uses an micro-controllers coded audio system
is designed. This equipment alerts everybody when it detects exuberant speech sound levels exceeding 120 to
140 dB.

According to a study ShieldSquare Captcha [12], a large percentage of workers in the palm oil pro-
cessing industry in Lampung, Indonesia. They suffer from hearing loss as a result of the high levels of noise in
the area. There really is a loud intensity in that province.

Saki and Kehtarnavaz [[13]] devised a system that can record sound in actual time. The random forest
classifier was primarily employed in the development of this system. The essential aspects and sub features of
this system mostly state the sound signals.

Zimmerman and Robson [14] claim that they can send a short message service (SMS) text with the
entire day’s sound summary in less than a minute using their method. It is straightforward because the proposed
microprocessor operates at a low level of cost. They developed the system cost-effectively.

Talari et al. [15] proposed in their study that their system can monitor sound levels in different regions.
Their system offer data to climate noise pollution authority not only in real life but also in space time layout.
Their work focused on data visualization of the sound levels.

Navarro et al. [[16] on the suggested study largely focused on the environment noise pollution problem
and how to reduce it in a solace by creating environmental acoustic in the most polluted cities. The writers
saw noise pollution as a key concern in residential settings. They used an IoT sensor to acquire the data. Their
work, on the other hand, focuses more on the acquisition of large datasets.

The proposal of Piczak [[17] for a short work on sound level classification in the environment. With
the expanded dataset, he applied a 1D neutral network model. It has improved the system’s performance.

In the work of Bartalucci et al. [18] describe a new smart noise monitoring system. The system
was primarily created for the LIFE15 ENV/IT/000586 “Methodologies for noise low emission zones introduc-
tion and management” project. The prototype system was created with consideration for both the project’s
monitoring requirements and cutting-edge systems.

In order to automatically categorize the various noise sources, Manglani et al. [19] developed an
acoustic pattern classification algorithm that runs in a wireless sensor. Their main objective was to monitor a
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noise source classifier that was trained using only a few minimally annotated recordings. Over the course of 50
days on the work area, their technology performed consistently and accurately in detecting noise sources.

Czyzewski et al. [20] presented a concept and were able to put it into use for a dynamic acoustical map-
based online system for monitoring urban noise. They show the outcomes of simulations and measurements
made by the system prototype. The results of the noise measurements collected by their method and the
resulting acoustic maps are evaluated with some of the other alternatives.

In order to solve the core anomalous issues in future advanced core operation, Mori et al. [21] de-
veloped a boiling water reactor (BWR) core noise monitoring system. Various modern signal processing tech-
niques are introduced while they were monitoring in-core status from a small number of signals. By creating
these algorithms, they aim to show that they work by analyzing actual plant data. A summary on some of the
similar research work is shown in the Table(l| It presented what micro-controller (MCU), sensor, architecture,
and some other features one researcher used to develop their system.

Table 1. Some of the similar research work summary on noise monitoring system vs our proposed system

Researcher MCU Sensor Architecture Connectivity LCD Data access Easy
installation
Maijala etal.  Raspberry PI Two IoT 3G/4G NO Web NO
[22] 3 microphones
Alsina-Pages ~ FRDMKL25Z  4544PF-W IoT Wi-Fi/3G NO NO NO
et al. [23] and Teensy
3.2 Node
Noriega- Raspberry PI T-Bone GC IoT Ethernet NO NO NO
Linares and 2 100 USB
Ruiz [24]
Alsina-Pages Jetson TK1 4544PF-W WSN Ethernet NO NO NO
et al. [25]
Our proposed ESP8266 LM393 IoT Wi-Fi YES Web and YES
system NODEMCU-  sound sensor mobile
12E module application

Along with all of the related work, our work may be unique in that our system collects real-time noise
intensity data from all types of environments with respect to date and time in decibels, making our system more
adaptable and efficient than others. Our system collects data in real time utilizing the Arduino IoT cloud. We
can also see the mobile application version of Arduino IoT cloud in live mode and get an idea of the noise level
in that particular location by using this application. Our system is design is also incredibly user-friendly and
portable. As a result, a noise measurement and recording device is highly suggested. More specifically, our
effort intends to develop a noise monitoring system, and such a task can be accomplished if the decibel level
is well beyond the threshold number. In addition to all of this, our system features an LCD display that will
show the mode (quiet, moderate, or loud) based on the decibel noise intensity level specified in relation to the
environment. Consequently, the output display information will change as the environment changes, as will the
decibel values that have been pre-set. This method is generally used to protect against noise-induced hearing
loss. This project will develop and build noise level monitoring measurement instruments that will employ a
noise sensor device that will emit a signal when the loudness exceeds the normal hearing threshold, and it will
also display inspection data in the form of digits with LED indicators for each noise exposure and through the
gauge meter and graph it will show the noise intensity level.

3. SYSTEM MODEL AND METHODS
3.1. Hardware components used in proposed model

We utilize one micro-controller, one bread board, one noise detecting sensor for environmental noise
detection, and an Ethernet networking device to monitor the noise strength. We also used an Android cellphone
to provide updates to the user. The Table [2] shows a brief functionality of all the hardware component used in
our project. It described the breadboard, LM393, ESP8266, and LCD1602 module. And, the Figure [1| shows
the physical view of these hardware components.

10T cloud based noise intensity monitoring system (Tashfat Fatema)
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Table 2. List of Hardware components used in our Proposed System

Hardware component Functionality

Breadboard The board will interconnect all necessary hardware components to produce a
comprehensive prototype of our proposed system.

Microphone sound detection sensor It will assess the level of noise in the environment. The sensor output will be than
module LM393 converted into decibels unit.
ESP8266 NODEMCU-12E It will work as the primary micro-controller unit. Using this MCU, we send sensor

data to the cloud which can be utilized to make noise intensity predictions.

LCD1602 I12C display It will show the noise intensity level and the status on its screen.

3.2. Explaining hardware in details
3.2.1. Microphone sound detection sensor module

It has a fantastic dynamic microphone that measures the sound level from the source. The sound
sensor which showed in Figure [T(a) is a compact circuit board with a microphone (50Hz-10kHz) and circuit
connections that convert sound waves to electrical pulses. The LM393, a comparator IC, receives this electrical
pulse. The signal is digitized by the LM393 IC, which is coupled to the OUT pin. A variable resistor on this
noise sensor controls the intensity of the OUT output. OUT, VCC, and GND are the three pins on it.

3.2.2. ESP8266 NODEMCU-12E

The NodeMCU ESP8266 which showed in Figure Ekb) comes with the ESP-12E module, which has
the ESP8266 chip and a Tensilica Xtensa 32-bit LX106 RISC microprocessor. This CPU supports RTOS and
runs at a clock frequency of 80MHz to 160MHz. The NodeMCU has 128 KB of RAM and 4 MB of Flash
memory to store data and programs. Because of its high computing power and built-in Wi-Fi or Bluetooth, it’s
ideal for IoT projects. The primary component of this system is the NodeMCU ESP8266 12E, which maintains
the Sensor Module LM393 and LCD display by connecting the pins of all of these components together and
keeping the system procedure smooth and maintainable. The ESP8266 is a fantastic component that allows
you to keep the entire process on a single breadboard, logically connected with the relevant pins via wired
connections.

3.2.3. LCD1602 I2C display

LCD1602 I2C Display which showed in Figure[T|c) is a 16x2 LCD display screen with I2C interface.
The characters in this component are white on a blue background and may display 16x2 characters on two
lines. The wire soldering and connection is also somewhat difficult.

@ (b)

Figure 1. Hardware components used in the system (a) microphone sound detection sensor module,
(b) ESP8266 NODEMCU-12E, and (c) LC1602 I2C display

4. IMPLEMENTATION OF THE SYSTEM

Our system was built using the LM393 sound sensor module and the ESP8266. To finish the connec-
tion, the GND of the Sensor Module is linked to the GND of the ESP8266. In addition, the VCC and OUT pins
of the sensor module are connected to 3V3 and A0 on the ESP8266, respectively. The LCD1602 I2C Display
GND pin, on the other hand, is connected to the ESP8266’s GND pin. The LCD’s VCC is also connected to
the ESP8266’s VIN. The LCD display’s SDA and SCL pins are connected to the ESP8266’s D2 and D1 pins,
correspondingly. The block diagram is shown in the Figure 2] The pin connections between the three hardware
components, ESP8266 NODEMCU-12E, microphone sound detection sensor module LM393 and LCD1602
12C display respectively are shown in Table [3|as follows.
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Figure 2. Block diagram of the proposed system

Table 3. Pin connection of NodeMCU-12E and LM393
ESP8266 NODEMCU-12E pin  Microphone sound detection sensor module LM939 Pin ~ LCD1602 12C display pin

3V3 VCC -
GND GND GND

A0 OouT -
VIN - VCC
D1 - SCL
D2 - SDA

The Arduino IoT cloud must be connected to the hardware system. We must finish all of the settings
in accordance with our system policy, such as setting the variable to decibel and collecting the ethernet to that
cloud, after successfully logging into the software. Finally, we must set the board’s NodeMCU 1.0 (ESP-12E
module) and port configurations. Before connecting our hardware configuration, we must additionally launch
the Arduino agent from our PC. We must make alterations to the in the flavors area, immediately beside the
boards, by selecting V2 IPV6 higher bandwidth and all flash content for further work. We must code and send
our work to the program and the board after we have completed all of the steps. After we finish uploading, we
will get the real-time data we need from the environment.

On the other hand, for the mobile application, go to the Google Play Store and download the Arduino
IoT remote app. We must first log into the application using the provided information, or we can use Google to
do it. We must configure the program after logging in by connecting to the server, which occurs automatically.
When a user successfully logs into the application, data from that environment is retrieved, and the user’s
dashboard displays the noise intensity level in that environment. Figure[3]depicts the whole architectural layout
and setup of our proposed system where Figure[3[a) is the architectural diagram and Figure[3|b) is the hardware
setup of the system.

Arduino loT Cloud

Arduino
lot
Remote
Mobile
Application

Web Editor

(@) (b)
Figure 3. The design of the proposed system (a) architectural diagram and (b) the setup of the system
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The suggested system’s pseudo code is also shown as follows. To begin, we set up all of the variables
we will require throughout the program using code. To get the single at the right spot, we set the signal
maximum value to 0 and the signal minimum value to 1024. In order to receive the data, this will be reversed.
The while loop was then utilized to evaluate the real signal’s state.

The analog reading is set to 0 by default. The first if condition checks whether the sample in our input
signal is smaller than 1024, if it is, it will go inside the loop and check the other condition, comparing the value
sample to the maximum value, if it is, the value will be stored in the signal maximum variable, otherwise it will
check the other condition, eventually storing the value in the signal minimum variable. After confirming all of
the conditions, we will calculate the difference between the maximum and minimum signal. We save it in the
peakToPeak variable. Then use calibration to transfer the value to db that is in decibel, the real variable.

peakToPeak = 0, signalMax = 0, signalMin = 1024
while (millis()- millis() < sampleWindow)
sample = analogRead(0)
if (sample < 1024)

if (sample > signalMax) signalMax = sample
else if (sample < signalMin) signalMin = sample
peakToPeak = signalMax - signalMin

db = map (peakToPeak, 20, 900, 49.5, 90)

To show the noise intensity level on the LCD screen, we used LiquidCrystal I2C library for the 12C
LCD screen module. We show the decibel value of the noise intensity in the first row of the LCD screen.
And, in the second row of the LCD screen, we show the noise intensity status. The LCD works then proceed
by initializing the values after doing so in code. As stated in the code, the cursor is set to (0,0). Then a
print statement is given, which will print the output display when the system starts working according to the
conditions set. After that, it will check the condition and display a QUITE message in the LCD display if the
decibel value is less than or equal to 60 decibels. Again, if the decibel condition is more than or equal to 85
decibels, the output in display will be HIGH.

However, if both conditions are not met, it will output MODERATE, which is in the midst of the two
above values. The moderate condition is defined as a decibel level of louder than 60 decibels but less than 85
decibels. Only if both conditions are true and met will it enter the loop. Otherwise, it will check the other
condition. This status is showed in the right alignment of the second row of the screen. After delaying data
collection for 1,500 milliseconds, new data is being collected.

lcd.setCursor (0, 0)

lcd.print ("Noise: " + db + " dB")

if (db <= 60) lcd.print ("QUITE")

else if (db > 60 && db < 85) lcd.print ("MODERATE")
else if (db <= 85) lcd.print ("HIGH")

delay (1500)

To show the noise intensity level on the LCD screen, we used LiquidCrystalLiquidCrystal I2C library
for the I2C LCD screen module. We show the decibel value of the noise intensity in the first row of the LCD
screen. And, in the second row of the LCD screen, we show the noise intensity status. The LCD works then
proceed by setting the cursor to (0,0). Then a print statement is given, which will print the output display when
the system starts working according to the conditions set. After that, it will check the condition and display
a QUITE message in the LCD display if the decibel value is less than or equal to 60 decibels. Again, if the
decibel condition is more than or equal to 85 decibels, the output in display will be HIGH. However, if both
conditions are not met, it will output MODERATE, which is in the midst of the two above values. The moderate
condition is defined as a decibel level of louder than 60 decibels but less than 85 decibels. After delaying data
collection for 1,500 milliseconds, new data is being collected.

4.1. Web data parsing
Our proposed system also works extremely well for web applications. To do so, a user must first regis-
ter for the Arduino IoT Cloud software, or if they already have an account, they must login. After successfully
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logging into the program, we must complete all of the settings in accordance with our system policy, such as
setting the variable to decibel and collecting the ethernet to that cloud. Finally, we must configure the board to
NodeMCU 1.0 (ESP-12E Module) and the port. We must also launch the Arduino agent from our PC before
connecting our hardware configuration. In the flavors section, immediately beside the boards, we must make
adjustments to the by selecting V2 IPV6 higher bandwidth and all flash content for further use. After complet-
ing all of the procedures, we must code and send our work to the software and the board. We will acquire our
desired real-time data from the environment after we finish uploading.

4.2. Mobile data parsing

The technology collects data from the environment and displays it on a mobile app available on the
Google Play Store. We must first log into the application using the specified credentials, or we can do it
using Google. After logging in, we must configure the application by connecting to the server, which happens
automatically. When a user successfully logs into the application, data from that environment begins to be
retrieved, and the noise intensity level in that environment is displayed on the user’s dashboard.

5. RESULTS AND ANALYSIS

For the result and analysis section, we did our utmost to make the system run as smoothly as possible.
Our goal was to achieve the highest possible level of success with our proposed project. We have tested our
system in a variety of ways in order to preserve this. For instance, we might make a loud noise to see if our
system is working properly. As a result, it produces the ideal result. On the other hand, by reducing noise
intensity in a certain location, we were able to determine whether the sound level gap is acceptable to the
system. The system also displays the expected outcome on this base station.

The output of the sensor reading shows in the LCD display and Android IoT Cloud dashboard; the
output shows in the Figure[d] Regarding better results and visualizations, we utilized an LCD display to indicate
the noise in a certain area, as well as the amount of noise mode, to make things more exact and understandable.
For instance, the image of the LCD display in Figure [(a) demonstrates the noise level in decibels and a sound
level that is QU IT'E for that particular location.

To display the result in the dashboard, we have used a graph chart in relation to the data verses time
after presenting the result in the gauge meter. The chart will primarily show the noise intensity level for various
types of environments. Additionally, we used a gauge meter and labeled it with the variable decibel in Figure
Hb). So that the decibel output of the displayed noise intensity equals decibel.

In the Figure [dc), the mobile app also displays the fine result of the noise intensity level, and the
dashboard is set up as a gauge meter as well as a graph to make it easy to grasp. Because everyone has a
smartphone in this highly technological age, having a cloud-based application that provides information about
noise levels in a given area could be beneficial to the general public.

—— 0 100

(a) (b) ()

Figure 4. Output of the sensor reading (a) sensor reading and intensity status on the LCD module,
(b) graph and gauge meter, and (c) mobile dashboard
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We gathered real-time data for a week, from Sunday to Saturday. And, as shown in Figure [5] the
average success rate of data collecting according to the day of the week. We’ve just calculated the average of
the entire day’s data to see if the system is operating as expected. The values ranged from 49 decibels to 86
decibels, with 86 decibels being the highest. On Saturday and Sunday, the noise level in the house was very
low. On working days, which were Monday to Thursday, the values ranged from 61 to 72 decibels, respectively.
We went out on Friday in multiple places, many of which were crowded, and because it was a holiday in our
country, the average range was 86 decibels. All of this information was gathered at random in order to get a
sense of the system’s performance.

61

Sunday ~Monday Tuesday Wednesday Thursdsy —Friday  Satrday

Figure 5. Graph of sound intensity levels averaged for each day of the week

6. APPLICATION
The prototype of our proposed design has some specific applications. The followings are few of the
most important applications of the system. It will be very helpful to monitor the noise intensity in a particular
situation.
- The proposed system can measure noise pollution is measured in a variety of environments. Through the
system the noise level is mostly monitored outside, but it can also be done indoors.

- The proposed system is designed to measure the degree of noise intensity in any situation and relatively
easy to use and portable.

- This system can also be used in robots because it is tiny and portable, and it can censor noise levels by
using data and able to control noise pollution in high-traffic areas by collecting real-time data and taking
appropriate measures.

- The proposed approach can also be used in industrial regions, where noise pollution is a significant issue.

- An user can always have this system with them and use it to record their daily statistics. The data is easy
to view because our system also operates as a mobile application. Additionally, as our system gathers
real-time data, it may be applied to machine learning.

7.  USER SATISFACTION LEVEL

We requested certain individuals to use our proposed system when it was completed and indicate their
feeling of satisfaction with it, as well as provide some suggestions or evaluations, so that we might improve the
system and make it more advanced and maintainable by addressing the issues. Tabled]displays the user’s sense
of satisfaction as well as some suggestions. However, customer satisfaction is extremely high and positive,
indicating that the system is indeed a success.

Table 4. User satisfaction and suggestion

Features Satisfied % Suggestion
ESP8266 NODEMCU-12E 80 It works well; however, you could make it even better by
adding the Bluetooth module.
Microphone sound detection sensor module LM393 70 It is quite effective.
LCD1602 12C display 70 More information would be beneficial.
IoT Cloud dashboard 99 It was interesting to see something different.
Data access (web and mobile) 99 Could actually acquire data.
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8. CONCLUSION

Our system primarily measures the noise levels in different environments and is able to identify the
label of that environment by indicating a specific label, such as quite, moderate, or high, based on the level of
noise in that specific region. This will make people aware of the possibility that their environment could lead
to serious health problems. The main goal of our system is to gather data in the field so that more research can
be done to help reduce this problem and enlighten people about such environments. To do this, we used the
Arduino IoT cloud to collect data in real-time. With the use of this application, we can also view the Arduino
IoT cloud’s mobile application in live mode and get a sense of the level of noise in that particular area. The
design of our system is also incredibly user-friendly and portable.

Our system retrieves and stores data in real time, it could be highly valuable for future work in machine
learning. It is also portable due to its simplicity and compact size. As a result, a user can easily collect noise
intensity data using this method in their daily lives. Furthermore, because our system is web-based and mobile-
based, the user may get a feel of the amount of noise intensity in various environments.
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