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Abstract: Abstract: Rapid urbanization and industrial growth have significantly increased air and sound pollution levels,
posing serious threats to environmental sustainability and public health. The primary objective of this work is to design
and develop an Internet of Things (loT) based air and sound pollution monitoring system capable of continuously
measuring, analysing, and reporting pollution parameters in real time. The proposed system aims to provide accurate,
low-cost, and scalable environmental monitoring that supports timely decision-making and effective pollution
management. The novelty of this work lies in the integrated monitoring of both air quality and sound intensity within a
single loT framework, combined with localized data processing and real-time visualization. Unlike conventional
monitoring stations that are expensive and sparsely distributed, the proposed system leverages low-cost sensors and
networked embedded devices to enable dense deployment and improved spatial resolution of pollution data. The
methodology involves interfacing air quality sensors for parameters such as particulate matter and harmful gases, along
with sound sensors for noise level measurement, to an embedded controller. The collected data are processed and
transmitted through a communication module to a monitoring platform, where they are visualized in real time and stored
for further analysis. Threshold-based alert mechanisms are incorporated to notify users or authorities when pollution
levels exceed permissible limits. Field testing is conducted under different environmental conditions to evaluate system
performance in terms of accuracy, reliability, responsiveness, and scalability. The findings demonstrate that the proposed
loT-based monitoring system provides consistent and reliable measurements of air and sound pollution with minimal
latency. The integrated approach enables simultaneous assessment of multiple environmental factors, offering a more
comprehensive understanding of urban pollution patterns. Results also indicate that the system is cost-effective, energy-
efficient, and suitable for continuous long-term monitoring. Overall, this study confirms that loT-enabled air and sound
pollution monitoring systems can serve as an effective alternative to traditional monitoring methods, supporting smart city
initiatives, environmental protection policies, and public awareness by delivering real-time, accessible, and actionable
environmental data.
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environments  demands  efficient and  continuous
environmental monitoring systems capable of capturing real-

I INTRODUCTION

Environmental pollution has emerged as one of the most
critical global challenges of the twenty-first century,
primarily driven by rapid urbanization, industrial expansion,
population growth, and increased energy consumption. As
cities continue to expand, the concentration of pollutants in
the atmosphere and surrounding environment has increased
significantly, leading to deteriorating air quality and elevated
noise levels[1]. These environmental stressors not only
degrade ecosystems but also adversely affect human health,
quality of life, and economic productivity. Air and sound
pollution are particularly prevalent in urban and industrial
regions, where vehicular traffic, construction activities,
industrial ~ operations, and unplanned infrastructure
development are common. The growing complexity of urban
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time pollution data. Traditional approaches often fail to
provide timely and localized information, limiting their
effectiveness in addressing dynamic pollution scenarios.
Consequently, there is an urgent need for advanced
monitoring solutions that can support sustainable urban
development, environmental protection policies, and public
awareness initiatives[2].

Air pollution refers to the presence of harmful
substances in the atmosphere, including gases, particulate
matter, and biological molecules that pose risks to human
health and the environment[3]. Major sources of air pollution
include vehicular emissions, industrial processes, power
generation units, agricultural activities, and domestic fuel
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combustion. Pollutants such as carbon monoxide, sulfur
dioxide, nitrogen oxides, ozone, and fine particulate matter
can penetrate deep into the respiratory system, leading to
severe health conditions such as asthma, cardiovascular
diseases, and premature mortality[4]. In addition to health
impacts, air pollution contributes to climate change, acid rain,
reduced visibility, and ecosystem degradation. Monitoring air
quality is therefore essential for identifying pollution
hotspots, enforcing regulatory standards, and evaluating the
effectiveness of mitigation strategies. However, air pollution
levels vary significantly with time and location, requiring
monitoring systems that offer high temporal and spatial
resolution[5].

Sound pollution, also known as noise pollution, is an
often-overlooked environmental issue that has gained
increasing attention in recent years. It is primarily caused by
urban traffic, industrial machinery, construction activities,
public events, and densely populated residential areas[6].
Prolonged exposure to high noise levels can result in hearing
loss, sleep disturbances, stress, hypertension, and reduced
cognitive performance. Unlike air pollution, sound pollution
does not accumulate physically in the environment, but its
effects on human health and well-being are immediate and
significant[7]. Urban residents are particularly vulnerable due
to continuous exposure to elevated noise levels. Despite its
adverse effects, sound pollution monitoring is less prevalent
compared to air quality monitoring, highlighting the need for
integrated environmental monitoring solutions that address
both pollutants simultaneously[8].

Conventional air and sound pollution monitoring
systems typically rely on centralized monitoring stations
equipped with high-precision instruments[9]. While these
systems provide accurate measurements, they are expensive
to install, operate, and maintain, resulting in limited
deployment and low spatial coverage. As a result, pollution
data obtained from such stations often fail to represent local
variations accurately. Additionally, traditional monitoring
methods usually involve delayed data processing and
reporting, reducing their effectiveness for real-time decision-
making and emergency response. Manual data collection and
analysis further increase operational complexity and
costs[10]. These limitations underscore the need for
decentralized, automated, and cost-effective monitoring
solutions capable of delivering real-time environmental
data[11].

Advancements in sensor technology, embedded
systems, and wireless communication have transformed
environmental monitoring practices[12]. Miniaturized
sensors with improved accuracy and lower power
consumption have enabled the development of portable and
distributed monitoring devices. These technological
advancements have facilitated continuous data acquisition
and remote monitoring, making environmental data more
accessible and actionable[13]. The integration of digital
technologies into environmental monitoring systems has laid
the foundation for intelligent and automated pollution
management solutions. However, effective utilization of
these technologies requires robust system architectures that
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can handle data acquisition, transmission, processing, and
visualization efficiently[14].

The Internet of Things has emerged as a transformative
paradigm that enables seamless connectivity between
physical devices, sensors, and digital platforms[15]. loT-
based systems facilitate real-time data collection,
transmission, and analysis, making them ideal for
environmental monitoring applications. By deploying
networked sensors across different locations, 10T enables
dense monitoring coverage and high-resolution data
acquisition[16]. 10T platforms also support remote access,
automation, and scalability, allowing monitoring systems to
adapt to changing requirements. These features make IoT a
powerful tool for addressing the limitations of conventional
pollution monitoring systems[17].

loT-based monitoring systems offer several advantages,
including real-time data availability, cost-effectiveness,
scalability, and ease of deployment. Continuous monitoring
enables early detection of pollution threshold violations,
supporting timely intervention and policy enforcement. Data
visualization and analytics tools enhance user understanding
and facilitate informed decision-making. Additionally, 10T-
based systems can be integrated with alert mechanisms to
notify authorities and citizens about hazardous pollution
levels. These benefits contribute to improved environmental
awareness and public health protection[18].

Most existing environmental monitoring solutions focus
on either air pollution or sound pollution independently.
However, urban environments are often affected by multiple
pollution sources simultaneously. Integrating air and sound
pollution monitoring into a single system provides a more
comprehensive assessment of environmental quality. Such
integration enables correlation analysis between different
pollution parameters and supports holistic urban planning
strategies. An integrated loT-based approach reduces system
complexity and deployment costs while enhancing
monitoring efficiency[19].

Despite significant progress in 10T-based environmental
monitoring, several research gaps remain. Many systems lack
reliability validation under real-world conditions, while
others face challenges related to sensor calibration, data
accuracy, and energy efficiency[20]. Limited focus has been
given to developing low-cost, scalable systems suitable for
large-scale deployment in developing regions. Furthermore,
integration of multi-parameter monitoring with real-time
alerting and data analytics remains an area requiring further
exploration. Addressing these gaps is essential for developing
practical and sustainable monitoring solutions[21].

The motivation for this study arises from the need for an
efficient, integrated, and scalable solution for monitoring air
and sound pollution in real time. By leveraging loT
technologies, the proposed system aims to overcome the
limitations of traditional monitoring approaches while
delivering accurate, timely, and accessible environmental
data. The scope of this work includes system design,
implementation, and performance evaluation of an loT-based
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air and sound pollution monitoring framework. The outcomes
of this study contribute to smart city development,
environmental protection initiatives, and public health
management by providing a reliable and cost-effective
environmental monitoring solution[22].

1. PROPOSED METHODOLOGY

The proposed methodology presents the design and
implementation of an Internet of Things (loT)-based system
for real-time monitoring of air and sound pollution. The
system is designed to continuously sense environmental
parameters, process the acquired data, and transmit
meaningful information to users or authorities for analysis
and decision-making. The methodology emphasizes low cost,
scalability, real-time operation, and reliable data acquisition,
making it suitable for urban and semi-urban environments.
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The overall system architecture consists of three major
layers: the sensing layer, the processing and communication
layer, and the application layer. The sensing layer includes
air quality sensors and sound sensors deployed in the
environment. These sensors continuously measure pollution
parameters and generate analog signals proportional to
pollutant concentration or noise intensity. The processing and
communication layer is built around an embedded controller
that performs data acquisition, signal conditioning,
calibration, and wireless data transmission. The application
layer provides real-time visualization, data storage, and alert
generation through a user interface.

> Block Diagram of the Proposed System
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Fig 1 Block Diagram

» Working Principle

The sensors continuously monitor air pollution
parameters such as gas concentration and particulate matter,
along with environmental sound levels. The embedded
controller converts analog sensor outputs into digital values
using an analog-to-digital converter. The acquired data are
processed, calibrated, and transmitted periodically to a
monitoring platform. Threshold-based logic is implemented
to detect abnormal pollution levels and trigger alerts. The
system operates autonomously and supports continuous
environmental monitoring.

» Mathematical Models and Sensor Calibration

Accurate  pollution  monitoring requires  proper
calibration of sensors to convert raw electrical signals into
meaningful physical units.

e Air Pollution Sensor Model

For gas sensors, the sensor output voltage is related to
gas concentration as:

L

Fnur = Fr?f * (ﬂ_;] (l)
Where:

R.= sensor resistance in polluted air
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R,= sensor resistance in clean air
Vs = reference voltage

The gas concentration (in ppm) is estimated using:
a5
Gas Concentration (ppn1) = A x {H—") (2)
0

Where Aand Eare sensor-specific calibration constants
obtained from the datasheet or experimental calibration.

e Sound Sensor Mathematical Model

Sound intensity is measured using a microphone
module, and sound pressure level (SPL) is calculated as:

SPL (dB) = 20log 4 (“—] ®3)

l'I-I"."_|
Where:
Ve = root mean square voltage of microphone output

V.5 = reference voltage corresponding to 0 dB

WWW.ijisrt.com 3372


https://doi.org/10.38124/ijisrt/26mar1620
http://www.ijisrt.com/

Volume 11, Issue 3, March — 2026
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26mar1620

RESULTS

7 N
Air Quality Sensors

(Gas / PM Sensors)

Sound Sensor
(Noise Level)

Embedded
Controller

(ADC + Processing)
. J

C g
L g
e ~
_______________ >
Wireless
Communication © - - [r—
(Wi-Fi / GSM) H ol
TR —
User Interface
(Web / Mobile App)
\= =

Fig 2 Hardware Design

The proposed loT-based air and sound pollution
monitoring system was tested under various environmental
conditions to evaluate its performance. The system
successfully monitored air quality parameters and noise
levels in real time, demonstrating stable and continuous
operation. Experimental results indicate that the sensor
readings closely match reference measurements, with
acceptable error margins after calibration. The system
effectively captured temporal variations in pollution levels,
such as increased air pollution during peak traffic hours and
elevated noise levels in high-activity zones.

Latency analysis showed minimal delay between data
acquisition and visualization, confirming the suitability of the
system for real-time monitoring applications. The threshold-
based alert mechanism functioned reliably, generating
notifications when pollution levels exceeded permissible
limits. Power consumption analysis indicated that the system
is energy-efficient and suitable for long-term deployment.

Compared to traditional monitoring stations, the
proposed system offers significant advantages in terms of
cost, scalability, and deployment flexibility. While
conventional stations provide high accuracy, their limited
spatial coverage restricts localized pollution assessment. The
proposed loT-based solution enables dense sensor
deployment, improving spatial resolution and environmental
awareness. Minor limitations observed include sensor drift
over extended periods and sensitivity to environmental
factors such as temperature and humidity, which can be
mitigated through advanced calibration and compensation
techniques.

V. CONCLUSION
The proposed loT-based air and sound pollution

monitoring system demonstrates an effective, scalable, and
cost-efficient approach to continuous environmental
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surveillance in urban and semi-urban regions. By integrating
air quality sensors and sound level sensors with an embedded
controller and network connectivity, the system enables real-
time acquisition, processing, and visualization of critical
pollution parameters. The results confirm that the developed
architecture successfully overcomes key limitations of
conventional monitoring stations, such as high deployment
cost, limited spatial coverage, and lack of real-time
accessibility. The system’s ability to simultaneously monitor
multiple environmental factors provides a more holistic
understanding of pollution dynamics, which is essential for
informed decision-making and proactive environmental
management. Calibration and mathematical modeling of
sensor outputs enhance measurement accuracy and reliability,
ensuring that collected data closely reflect actual
environmental conditions. The inclusion of threshold-based
alerts further strengthens the system by enabling timely
warnings when pollution levels exceed permissible limits,
thereby supporting preventive actions and public awareness.
Experimental observations indicate stable operation, low
latency in data transmission, and consistent performance
under varying environmental conditions, validating the
suitability of the proposed solution for long-term
deployment. From an application perspective, the system
aligns well with smart city initiatives, environmental
regulation enforcement, and community-level monitoring
programs. It also offers flexibility for future expansion, such
as the integration of additional sensors, advanced data
analytics, or machine learning—based pollution prediction.
Overall, this work highlights the significant potential of loT
technologies in addressing environmental challenges by
delivering real-time, accessible, and actionable pollution
data. The proposed system not only contributes to improved
environmental monitoring practices but also supports
sustainable urban development and enhanced quality of life
by enabling data-driven strategies for pollution control and
mitigation.
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