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Abstract - Wireless sensors play a crucial role in real-
time applications for gathering physical data, making
once-impossible measurements attainable through
advanced wireless technology. One significant area of
focus is air quality monitoring, particularly in urban
areas where vehicular pollution, driven by the
growing number of vehicles, is a major contributor to
deteriorating air quality and severe health concerns.
This paper introduces a vehicular pollution
monitoring system using the Internet of Things (loT),
capable of identifying vehicles responsible for
excessive pollution and measuring various pollutant
levels in real time. The system provides regular
updates on air quality to environmental agencies,
vehicle owners, and traffic authorities, offering
seamless access to data via wireless sensors. Building
upon this, we propose an enhancement where 10T
devices are pre-installed in  vehicles by
manufacturers, and two mobile applications (Android
and i10S) are developed for users and regulatory
authorities. Vehicle owners can monitor their
emissions, receiving up to three warnings if pollutant
levels exceed regulatory limits, with SMS and app
notifications prompting corrective action. Failure to
comply after receiving warnings results in fines,
which can be paid through the Razorpay gateway.
Regulatory authorities can monitor user data stored
and synced via Firebase, ensuring efficient data
management. This upgraded system offers a cost-
effective, user-friendly approach to vehicular
pollution monitoring and enforcement, ultimately
contributing to improved air quality in urban areas.

Key Words: Wireless sensors, 10T, vehicular
pollution, air quality monitoring, urban pollution,
emission control, RTO, Razorpay, Firebase, SMS
alerts, app notifications
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1.INTRODUCTION

The rapid urbanization and increasing number of
vehicles on the road have led to a significant rise in
air pollution, particularly in densely populated
areas.

Vehicular emissions are one of the primary
contributors to environmental pollution, directly
impacting air quality and public health.
Addressing this issue has become a global
priority, with governments and environmental
agencies continuously exploring solutions to
reduce the harmful impact of vehicle emissions on
the atmosphere.In recent years, the advancement
of wireless technologies has provided innovative
approaches to monitoring and mitigating air
pollution. Wireless sensors, in particular, have
proven to be effective in gathering real-time
environmental data, including pollutant levels in
urban areas. The integration of these sensors with
the Internet of Things (l1oT) offers a promising
avenue for creating more efficient, cost-effective,
and scalable air quality monitoring systems.

Existing pollution monitoring systems, however,
face challenges in terms of their accessibility,
real-time data sharing, and enforcement of
pollution control measures. Traditional systems
may require manual interventions, lack
continuous monitoring capabilities, or fail to
provide immediate feedback to vehicle owners.
This gap in technological solutions has prompted
the need for more advanced systems that can
automatically monitor emissions, notify users,
and enforce regulations.

This paper introduces a vehicular pollution
monitoring system that leverages IoT technology
and wireless sensors to detect vehicles causing
excessive pollution on city roads. The proposed
system continuously monitors air quality in real-
time and provides relevant data to environmental
agencies, vehicle owners, and traffic authorities.
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2. Body of Paper

The Vehicular Pollution Monitoring System is designed
to offer real-time tracking of vehicle emissions using loT
technology. High-accuracy sensors, embedded in
vehicles during manufacturing, continuously measure
pollutants like CO2, NOx, and particulate matter. These
sensors transmit data to a centralized Firebase cloud
backend, enabling real-time storage, synchronization, and
remote access.

Two mobile applications—one for vehicle owners and
another for regulatory authorities—facilitate user
interaction and enforcement. The owner app provides live
emission data, history, and a three-stage warning system.
If emissions exceed legal thresholds, the user receives up
to three alerts via app notifications and SMS. If no action
is taken, an automatic fine is imposed.

Fines can be paid directly through the app using the
Razorpay gateway, supporting various payment methods.
The authority app enables officials to monitor non-
compliant vehicles, analyze emission patterns, and take
appropriate regulatory action. GPS integration and
analytics tools further help identify pollution hotspots,
while blockchain ensures data integrity and security.

This integrated system promotes accountability,
encourages timely maintenance, and helps reduce urban
air pollution effectively.

3. Literature Survey

Numerous studies have explored loT-based systems for
monitoring air quality. For instance, Kumar et al. (2017)
developed a system that uses 10T sensors to measure
pollutant levels such as CO2, SO2, and NOx in urban
areas. The data collected was transmitted to a centralized
server, which analyzed the results and provided a real-time
display of air quality on a public dashboard. This study
highlighted the potential of 10T in creating cost-effective
and scalable solutions for air quality monitoring, although
it primarily focused on static locations rather than mobile
sources of pollution, such as vehicles.

Vehicle emission monitoring has traditionally
relied on manual inspections and periodic testing,
which are often inadequate for maintaining
continuous compliance. A study by Singh and
Verma (2019) proposed a pollution control system
that integrates vehicle emission testing with
wireless sensor networks (WSNs). The system
measured exhaust emissions and shared the data
with environmental agencies. However, the system
was limited by the need for direct supervision and
manual data processing, revealing a gap in
autonomous, real-time emission control that loT-
based solutions could address.

Research by Park et al. (2020) introduced an loT-
driven vehicle emission monitoring system that
issues warnings when pollution levels exceed
regulatory limits. The system used GPS data to
track vehicles and automatically imposed fines
after repeated warnings. This study emphasized the
importance of automated enforcement in
maintaining emission standards but faced
challenges with real-time data synchronization.
Additionally, the study lacked an integrated mobile
application, limiting user engagement and real-time
alerts.

Efficient data storage and synchronization are
critical components of any loT system.
Maheshwari et al. (2021) investigated the use of
cloud- based platforms like Firebase for storing and
synchronizing data in real- time pollution
monitoring applications. Firebase was found to be
highly effective in ensuring data consistency,
scalability, and accessibility across devices. This
study supports the use of Firebase technology in the
proposed system, offering a reliable backend for
data management in loT applications.With
increasing user demand for  accessible
environmental data, mobile applications have
become essential in pollution monitoring. A study
by Luo et al. (2018) developed a mobile application
that displayed air quality information, notified
users of pollution peaks, and provided health
advice. However, it lacked integration with real-
time vehicle data. The study demonstrates the
importance of mobile applications in user
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engagement, a feature the proposed system incorporates
by notifying users of their vehicle’s emissions in real-time
and offering tools for fine management.

In the realm of pollution control, studies on automated
fine collection are limited. However, e-commerce
research, such as the work by Rahman and Ahmed (2019),
has examined the use of payment gateways like Razorpay
in mobile applications to facilitate secure transactions.
This integration has been applied in sectors such as traffic
management, where fines are collected through mobile
platforms. The proposed system adapts this concept,
integrating Razorpay to allow vehicle owners to pay fines
seamlessly, which improves compliance and reduces
administrative burdens on authorities.

Real-time data processing is essential for monitoring and
responding to vehicle emissions promptly. Research by
Zhang et al. (2022) explored edge computing in loT
applications, reducing latency by processing data near the
source rather than on a distant server. Though this is beneficial
for real-time responses, the complexity and cost of edge
computing can limit scalability. Therefore, while edge
computing presents opportunities, the proposed system
leverages a cloud-based architecture for scalable and cost-
effective implementation across urban areas.

Several comparative studies, such as those by Patel et al.
(2021), analyzed the effectiveness of different loT-based
technologies for urban pollution control. This research
identified that a combination of WSNs, mobile applications,
and cloud computing offers the most robust solutions for real-
time air quality monitoring. However, the studies also revealed
limitations in user accessibility and enforcement, indicating a
need for more user-centric designs and automated enforcement
mechanisms, which the proposed system aims to address.

Research has also focused on the regulatory aspects
of emission control. Studies by Rodriguez et al. (2020)
reviewed international frameworks for vehicular
pollution management, highlighting the need for
automated systems to assist with regulatory compliance.
The authors emphasized the importance of
incorporating fine management and real- time
monitoring to ensure adherence to emission standards,
which the proposed system addresses by integrating 10T
sensors with automated warnings and fine enforcement.

Kumar et al. (2021) examined the application of
machine learning (ML) algorithms in predicting and
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analyzing vehicular emissions based on various
inputs such as vehicle type, fuel type, and traffic
patterns. Their study demonstrated that ML
models like decision trees and neural networks
could enhance the accuracy of emission
predictions. By integrating ML, the proposed
system could potentially forecast emission spikes,
providing additional insights for users and
regulatory authorities. However, incorporating
ML also requires significant computational
resources, which poses a challenge in real-time
systems.

Singh and Patel (2022) explored the use of
blockchain  technology in securing data
transmission within loT-based environmental
monitoring systems. Blockchain’s decentralized
and immutable nature ensures data integrity and
prevents tampering, which is crucial when
handling sensitive pollution data for regulatory
purposes. While blockchain can offer added
security for pollution monitoring data, it may
introduce latency and increased storage
requirements. The proposed system could benefit
from selective blockchain implementation,
especially for sensitive interactions such as fine
transactions and regulatory updates.

In a study conducted by Abbas et al. (2020), the
performance of various I0T communication
protocols, including MQTT, CoAP, and HTTP,
was analyzed for urban monitoring systems. They
found that MQTT is particularly efficient for real-
time applications due to its low bandwidth
consumption and reliability in unstable network
environments. The proposed system can leverage
MQTT to ensure efficient and reliable data
transmission from vehicles to the cloud,

especially in high-density urban settings,
improving real-time response and alert
mechanisms.

A study by Lee and Choi (2021) investigated the
challenges of integrating loT solutions with
existing urban infrastructure and legacy systems,
especially in the context of traffic management
and pollution control. Their findings indicated
that legacy systems often lack the flexibility to
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support modern loT devices, resulting in issues with
interoperability. The proposed system could address
this challenge by adopting modular, interoperable
architectures.

4. Methodologies

The proposed vehicular pollution monitoring system
employs a layered architecture integrating 10T sensors,
cloud infrastructure, and mobile applications to enable
end-to-end pollution tracking and enforcement. High-
accuracy sensors are embedded into vehicles during
manufacturing to monitor pollutants like CO., NOXx, and
particulate matter (PM), ensuring standardization and
widespread adoption. These sensors transmit real-time
data using communication protocols such as MQTT and
HTTP to a centralized cloud backend powered by
Firebase. Firebase ensures seamless data storage,
synchronization, and multi-device accessibility.
Emission thresholds are defined in accordance with
regulatory standards, and when these limits are
exceeded, the system initiates a three-stage warning
system that notifies users via SMS and app alerts. If
emissions remain unaddressed, the system imposes
automated fines, which users can pay conveniently
through Razorpay, a secure payment gateway
supporting multiple payment methods.

To enhance user engagement and regulatory oversight,
two mobile applications are developed—one for vehicle
owners and another for traffic authorities. These apps
provide real-time monitoring, historical emission data,
and enforcement tools. The system also integrates GPS
data to map emission hotspots and employs analytics to
identify pollution trends across urban areas. Blockchain
technology secures emission data and fine transactions,
ensuring  integrity and  preventing  tampering.
Additionally, edge computing is used to process data
locally on 10T devices, reducing latency and supporting
quicker decision-making. Regular cloud backups
safeguard data, while built-in educational resources
promote emission-reducing practices. The system is
scalable, compatible with smart city infrastructure, and
includes APIs for data sharing with environmental
agencies and urban planners—fostering a holistic,
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technology-driven approach to managing vehicular
pollution.

5. Comparative Analysis

In most countries, vehicles are required to
undergo periodic emissions testing at authorized
inspection centers to ensure compliance with
regulatory standards. These tests, conducted at
intervals such as annuallyor biennially, involve
measuring exhaust emissions to verify
adherenceto legal limits. While this system
ensures vehicles are checked for emissions
periodically, it fails to provide real-time
monitoring. This allows high-emission vehicles
to continue operating unchecked
betweeninspections, reducing the effectiveness
of emission control in densely populated urban
areas.

On-Board Diagnostics (OBD-II) systems,
required in many modern vehicles, are used to
monitor engine performance and emissions.
OBD systems can detect engine malfunctions that
may affect emissions and alert drivers through
dashboard indicators, typically with a
“checkengine” light. Although OBD-II is an
improvement  over traditional inspection
methods, it does not directly measure specific
pollutant levels, nor does it provide real-time
data to regulatory authorities. The lack of direct
pollutant monitoring limits its effectiveness for
continuousemission control.

Government agencies often use stationary air
quality monitoring stations strategically placed in
urban areas to assess pollution levels. These
stations measure pollutants such as CO2, NOXx,
SO2, and particulate matter and can provide
insights into the air quality of specific areas.
However, they are unable to detect or attribute
pollution directly to individual vehicles, nor can
they track the pollution contributions of vehicles
in real time as they move through the city. Thus,
while effectivefor broad air quality monitoring,
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these stations are less useful for targeted vehicular
pollution enforcement.

Remote sensing devices placed along roadways use
infrared and ultraviolet beams to measure pollutants
emitted by passing vehicles. These systems can identify
high-emission vehicles, making them useful for random
inspections. However, they are typically costly,
stationary, and limited in coverage, often deployed at
high-traffic locations only. Additionally, they provide
only a snapshot of emissions at a given moment,
lacking the continuity and real-time data required for
ongoingpollution management.

Several research projects and pilot programs have
begun integrating loT technology into pollution
monitoring systems. These loT-based prototypes
involve attaching sensors to vehicles or stationary
points to measure pollutant levels in real time and
transmit the data to centralizedservers. Some prototypes
The system starts with the integration of 10T devices into
vehicles duringthe manufacturing process. These loT
sensors are capable of continuously monitoring the
emissions produced by vehicles, tracking levels of key
pollutants such as CO2, NOx, and particulate matter. The
sensors are embedded in the vehicle's exhaust system to
ensure

Each vehicle is equipped with 10T sensors capable of
detecting key pollutants, including CO2, NOx, and
particulate matter (PM). These sensors provide accurate,
real- time data on emissions and continuously transmit
informationto a cloud server. The integration of these
sensors in vehicles at the manufacturing stage ensures
standardization and eliminates the need for aftermarket
installations.

The proposed system includes a mobile application for
vehicle owners, compatible with both Android and iOS.
Thisapp allows users to monitor their vehicle’s emissions
in real-time, view historical data, and receive alerts if
emissions exceed regulatory limits. The app provides a
three-stagewarning system: the first warning informs the
user of high emissions, the second reinforces the need for
action, and the third indicates imminent fine imposition
if emissions remain unaddressed.

The system includes predefined emission thresholds
based onlocal environmental regulations (e.g., RTO
standards in India). When emissions exceed these
thresholds, the system triggers alerts, initiates warnings,
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have implemented mobile applications to display
pollution data, but these systems are usually
limited in functionality and often lack key
features, such as automated warnings, fine
management,

Several cities worldwide have launched “smart
city” initiatives incorporating IoT sensors to
monitor environmental conditions, including air
pollution. These initiatives use a network of
sensors deployed on street lights, buildings, and
transportation systems to gatherand analyze
environmental data. While effective at a macro
level, smart city projects generally focus on
ambient air quality monitoring and lack the
specificity needed to monitor emissions from
individual vehicles.

and, if necessary, imposes fines. This feature
enables adaptive compliance with changing
regulatory standards by updating thresholds as
needed.

A separate application is designed for regulatory
authorities,enabling real-time monitoring of
emission data from all vehicles. This application
displays flagged vehicles that exceed emission
thresholds, showing vehicle details, emission
levels, location, and warning history. Authorities
can track compliance, manage fines, and access
analytical reports to evaluate pollution trends and
hotspots.

The system includes data analytics capabilities to
generate insights from emission data, highlighting
trends and identifying high- pollution zones within
the city. This data can help regulatory authorities
in planning targeted pollutioncontrol measures.
Reports are generated periodically and can be
shared with environmental agencies and city
planners to inform urban policy decisions.

When a vehicle’s emissions exceed the predefined
limit, the system generates automated alerts. The
vehicle owner receives warnings through both app
notifications and SMS messages. If the emission
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levels persist after three warnings,a fine is imposed. This
progressive warning system encourages vehicle owners
to address high emissions before penalties are enforced,
allowing them time for corrective actions.

The system incorporates Razorpay as a payment
gateway, enabling vehicle owners to pay fines directly
through the mobile application. Razorpay supports
various payment methods, including credit cards, debit
cards, UPI, and digital wallets, ensuring convenience and
flexibility for users. The app also provides payment
history and receipt generation to facilitate user record-
keeping.

A separate application is designed for regulatory
authorities,enabling real-time monitoring of emission
data from all vehicles. This application displays flagged
vehicles that exceed emission thresholds, showing
vehicle details, emission levels, location, and warning
history. Authorities can track compliance, manage fines,
and access analytical.
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