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ABSTRACT

Air pollution has become one of the most serious environmental issues affecting human health and ecological
balance across the world. A major contributor to air pollution is the emission of harmful gases from automobiles,
including carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOy), hydrocarbons (HC), and
particulate matter (PM). Rapid urbanization, increasing vehicle ownership, and inadequate monitoring of
vehicle emissions have significantly increased the concentration of these pollutants in the atmosphere.
Traditional vehicle emission inspection methods are generally performed manually at authorized testing centers,
making the process time-consuming, labor-intensive, and incapable of providing continuous real-time
monitoring. In addition, many vehicles continue to operate even after exceeding permissible emission limits,
resulting in increased environmental pollution and health risks. This project proposes a Vehicle Emission
Detection system that utilizes Artificial Intelligence (AI), Machine Learning (ML), Computer Vision, and
Internet of Things (IoT) technologies to automatically monitor, detect, and analyze vehicle emissions. The
proposed system continuously collects emission data using gas sensors and vehicle monitoring devices while
employing image processing and Automatic Number Plate Recognition (ANPR) techniques to identify vehicles.
Machine learning algorithms analyze the collected data to classify vehicles based on emission levels and
determine whether they comply with environmental regulations. Whenever excessive emissions are detected,
the system automatically generates alerts and stores vehicle information for further action. The proposed
approach provides real-time monitoring, reduces manual intervention, improves detection accuracy, supports
environmental protection initiatives, and assists government authorities in controlling vehicular pollution. By
integrating intelligent monitoring with automated decision-making, the system contributes toward creating
cleaner, healthier, and more sustainable urban transportation environments.
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I. INTRODUCTION

Air pollution has emerged as one of the most
significant environmental challenges faced by
modern society. Rapid industrialization, urbanization,
and the increasing number of automobiles have
resulted in a substantial rise in harmful air pollutants.
Among various pollution sources, motor vehicles
contribute significantly to environmental degradation
by releasing hazardous gases such as carbon
monoxide (CO), carbon dioxide (CO:), nitrogen
oxides (NOy), hydrocarbons (HC), sulfur dioxide
(SO2), and particulate matter into the atmosphere.
These pollutants negatively affect air quality,
contribute to global warming, cause acid rain, and
lead to wvarious respiratory and cardiovascular
diseases in humans. According to environmental
studies, vehicle emissions are one of the leading
causes of urban air pollution, particularly in densely
populated cities where traffic congestion is common.

Governments worldwide have established emission
standards and environmental regulations to reduce
vehicular  pollution. = However, = monitoring
compliance with these regulations remains a major
challenge. Conventional vehicle emission testing
methods are wusually conducted manually at
authorized inspection centers using specialized
equipment. Although these inspections help identify
high-emission vehicles, they are periodic rather than
continuous, allowing many vehicles to continue
operating with excessive emissions between
inspection intervals. Manual inspection processes are
also time-consuming, expensive, require trained
personnel, and may be affected by human error.
Furthermore, some vehicle owners avoid regular
emission testing, making pollution control even more
difficult.

Recent advancements in Artificial Intelligence (AI),
Machine Learning (ML), Computer Vision, and the
Internet of Things (IoT) have enabled the
development of intelligent systems capable of
automating environmental monitoring and vehicle
inspection processes. Al-based systems can analyze
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sensor data, recognize vehicle patterns, process
images, and make intelligent decisions without
constant human intervention. Computer vision
techniques combined with Automatic Number Plate
Recognition (ANPR) allow automatic identification
of vehicles, while IoT-based gas sensors continuously
measure emission levels in real time. Machine
learning algorithms further improve the system by
analyzing emission patterns, classifying vehicles
according to pollution levels, and detecting abnormal
emission behavior.

The proposed Vehicle Emission Detection system
aims to develop an intelligent framework for
automatic monitoring and analysis of vehicle
emissions using modern Al technologies. The system
collects emission data from gas sensors and captures
vehicle images using cameras. Image processing
algorithms detect vehicles and recognize their
registration numbers through Automatic Number
Plate Recognition. The collected emission values are
analyzed using machine learning models to
determine whether the vehicle complies with
prescribed emission standards. If the measured
emissions exceed permissible limits, the system
immediately generates alerts and stores the vehicle
information in a centralized database for future
monitoring and enforcement actions.

The proposed approach significantly improves the
efficiency of traditional emission monitoring by
providing continuous, real-time observation of
vehicle emissions. It reduces manual effort, increases
detection accuracy, minimizes environmental
pollution, supports government regulatory agencies,
and encourages vehicle owners to maintain their
vehicles properly. By integrating Artificial
Intelligence, Computer Vision, Machine Learning,
and IoT technologies, the proposed system provides
an intelligent, scalable, and cost-effective solution for
improving  environmental  sustainability = and
promoting cleaner transportation systems.

II. LITERATURE SURVEY
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1. Title: Intelligent Vehicle Emission Monitoring
Using IoT and Machine Learning

Author: R. Kumar and P. Sharma

Abstract:

This research presents an intelligent vehicle emission
monitoring system using Internet of Things (IoT)
sensors and machine learning techniques. The
proposed framework continuously collects emission
data from vehicles using gas sensors and transmits
the information to a centralized monitoring system.
Machine learning algorithms analyze the collected
data to classify vehicles according to pollution levels
and identify vehicles exceeding permissible emission
limits. Experimental results demonstrate that the
proposed system provides accurate real-time
emission monitoring while reducing manual
inspection efforts. The research concludes that
combining IoT with machine learning significantly
improves environmental monitoring and supports
smart city initiatives.

2. Title: Automatic Number Plate Recognition for
Smart Traffic Monitoring

Author: S. Patel and M. Singh

Abstract:
This paper focuses on Automatic Number Plate
Recognition (ANPR) techniques for intelligent

transportation systems. The proposed method
employs image preprocessing, edge detection,
character segmentation, and Optical Character

Recognition (OCR) to accurately identify vehicle
registration numbers from captured images. The
recognized vehicle information is stored in a database
for traffic monitoring and law enforcement
applications. The study demonstrates that computer
vision significantly improves vehicle identification
accuracy under different environmental conditions.

3. Title: Deep Learning-Based Vehicle Detection
and Classification

Author: J. Redmon, A. Farhadi, and Y. LeCun

Abstract:
This study investigates deep learning techniques for
vehicle detection and classification using

convolutional neural networks. The proposed system
employs advanced object detection models such as
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YOLO to identify vehicles in real-time video
streams. Experimental evaluation demonstrates high
detection accuracy and fast processing speed, making
the approach suitable for intelligent transportation
systems and automated environmental monitoring
applications.

4. Title: AI-Based Air Pollution Monitoring and
Prediction System

Author: K. Gupta and V. Reddy

Abstract:
The authors propose an Al-driven air pollution
monitoring  system  capable of  collecting

environmental data from multiple sensors and
predicting pollution levels using machine learning
algorithms. Various environmental parameters,
including carbon monoxide, nitrogen dioxide,
particulate matter, and temperature, are analyzed to
estimate pollution severity. The study highlights the
effectiveness of machine learning techniques in
improving pollution monitoring accuracy and
supporting environmental decision-making.

5. Title: Vehicle Emission Detection Using Image
Processing and Sensor Technology

Author: A. Joseph and P. Thomas

Abstract:

This research combines image processing techniques
with emission sensor technology for automatic
vehicle pollution detection. Cameras capture vehicle
images while gas sensors measure exhaust emissions.
The proposed system integrates vehicle identification
with emission analysis to automatically identify
highly polluting vehicles. Experimental results
indicate improved detection efficiency and reduced
human intervention.

HI. EXISTING SYSTEM

The existing vehicle emission monitoring system
primarily relies on periodic manual inspections
conducted at authorized pollution testing centers.
During these inspections, specialized equipment is
used to measure the concentration of harmful gases
emitted by vehicle exhaust systems. Although these
testing methods provide reasonably accurate
emission measurements, they suffer from several
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limitations. Manual inspection requires vehicle
owners to visit designated testing centers, making the
process time-consuming and inconvenient. Since
inspections are performed only at fixed intervals,
vehicles may continue to operate with excessive
emissions between inspection periods, contributing
significantly to environmental pollution. Traditional
systems also depend heavily on trained personnel and
expensive equipment, increasing operational costs
and limiting large-scale deployment. Moreover,
manual record maintenance, delayed reporting, and
the possibility of human errors reduce the overall
efficiency of the monitoring process. Existing
methods generally lack real-time monitoring
capabilities, automated vehicle identification,
intelligent data analysis, and predictive decision-
making, making it difficult for regulatory authorities
to enforce emission standards effectively.

IV. PROPOSED SYSTEM

The proposed Vehicle Emission Detection system
introduces an intelligent and automated framework
for monitoring vehicle emissions using Artificial
Intelligence, Machine Learning, Computer Vision,
and Internet of Things (IoT) technologies. The
system continuously collects emission data from gas
sensors installed near vehicle exhaust outlets or
monitoring stations while simultaneously capturing
vehicle images using digital cameras. Image
processing techniques and Automatic Number Plate
Recognition (ANPR) are employed to identify the
vehicle registration number automatically. The
collected emission values are preprocessed,
normalized, and analyzed using machine learning
algorithms to classify vehicles according to their
pollution levels. Vehicles exceeding permissible
emission limits are immediately identified, and alert
notifications are generated for regulatory authorities
or vehicle owners. The system stores emission history,
vehicle information, and monitoring reports in a
centralized database for future analysis and
compliance verification. By integrating intelligent
sensing, automated vehicle identification, and Al-
based decision-making, the proposed system
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provides continuous real-time emission monitoring,
improves detection accuracy, reduces manual
intervention, and supports environmental protection
by enabling timely identification and control of
highly polluting vehicles.

V. SYSTEM ARCHITECTURE

The proposed Vehicle Emission Detection system
consists of several interconnected modules that work
together to monitor vehicle emissions, identify
vehicles, analyze pollution levels, and generate
automated alerts. The architecture begins with the
Vehicle Detection Module, where a camera
continuously captures images or video of vehicles
passing through a monitoring location. Computer
Vision techniques and image processing algorithms
detect the presence of vehicles within the captured
frames. Once a vehicle is detected, the image is
forwarded to the Automatic Number Plate
Recognition (ANPR) Module, which extracts the
vehicle's registration number using Optical Character
Recognition (OCR). This information uniquely
identifies each vehicle and links it to the
corresponding emission data.

Simultaneously, the Emission Data Collection
Module measures the concentration of harmful gases
such as Carbon Monoxide (CO), Carbon Dioxide
(CO2), Nitrogen Oxides (NOy), Hydrocarbons (HC),
and Particulate Matter (PM) using gas sensors such
as MQ-series sensors or industrial emission
monitoring devices. The collected sensor data is
transmitted to the Data Preprocessing Module,
where missing values, noise, duplicate records, and
abnormal readings are removed. The cleaned data is
normalized and converted into a structured format
suitable for machine learning analysis. This
preprocessing stage improves the reliability and
accuracy of the prediction process.

The processed emission data is then passed to the
Feature Extraction Module, where important
emission characteristics are identified. Parameters
such as gas concentration, vehicle type, engine
condition, fuel type, environmental conditions, and
historical emission records are extracted as features.
These features are supplied to the Machine
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Learning Classification Module, where algorithms

such as Random Forest, Support Vector Machine o

(SVM), Decision Tree, Logistic Regression, T-;ﬁs_’g_’ E@—» —»Eﬁ&—»@
XGBoost, or Neural Networks classify the vehicle as FE—— i
either Normal Emission or High Emission based on e = Fra——
learned patterns. The trained model compares the

measured emission values against environmental

standards and historical data to determine the )

pollution category of the vehicle. Fig 5.1: System Architecture

Data Preprocessing. Analytical Modeling  Prediction & Analysis  Results & Reports

The classification results are forwarded to the
Decision-Making Module, which evaluates whether
the detected emission exceeds government-
prescribed pollution limits. If excessive emissions are S

identified, the system automatically generates —_—TT T
warning notifications and stores the violation <
information in the database. The Centralized
Database Module securely maintains vehicle
registration details, emission records, historical
inspection reports, machine learning predictions, and
violation history. This information can be accessed
by transport authorities for monitoring, enforcement,
and statistical analysis.

VI. IMPLEMENTATION

T mDPOYECOPEMENn A eam tte

Finally, the User Interface and Reporting Module
presents emission reports, vehicle details, pollution
status, and alert notifications through a user-friendly
dashboard. Administrators can view daily, weekly, or
monthly emission statistics, identify frequently
violating vehicles, and generate analytical reports for
environmental monitoring. Vehicle owners may also SRS
receive notifications regarding excessive emissions
and recommended maintenance actions. The
complete workflow of the proposed architecture can
be represented as:

Fig 6.1 Index page

rmDPOYEC0PmOR A vam °
The proposed architecture provides a fully
automated, real-time, and intelligent vehicle Fig 6.2: Admin home
emission monitoring framework that minimizes
manual intervention, improves pollution detection
accuracy, enhances environmental protection, and
supports smart transportation systems.

Dataset Loaded

 mDPOYECOPEMENn A eam  te
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Fig 6.3: Upload dataset

DataSet Preprocessed and Splitted Data

Total Dataset 80% records as  20% records as
Records training data test data
7385 5908 1477

ieDPOYECO0CEE

Fig 6.4: Model training

Linear Regression Accurary: 91.22293796618942

'e O PO

ee.o0®men - oam °

Fig 6.5: Performance

VII. CONCLUSION

The proposed Vehicle Emission Detection system
provides an intelligent and automated solution for
monitoring vehicular pollution using Artificial
Intelligence, Machine Learning, Computer Vision,
and Internet of Things technologies. The system
continuously measures harmful exhaust gases,
automatically identifies vehicles through Automatic
Number Plate Recognition, and analyzes emission
data using machine learning algorithms to determine
whether vehicles comply with environmental
standards. Unlike traditional manual inspection
methods, the proposed approach enables real-time
monitoring, faster detection, and automated reporting
of excessive vehicle emissions. The integration of Al-
based decision-making improves detection accuracy
while reducing human intervention and operational
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costs. The proposed system supports environmental
protection by identifying highly polluting vehicles at
an early stage and assisting authorities in enforcing
emission regulations effectively. It also encourages
vehicle owners to maintain their vehicles properly,
thereby reducing air pollution and improving public
health. Overall, the project demonstrates how modern
intelligent technologies can be successfully applied
to environmental monitoring and sustainable
transportation management.

VIII. FUTURE SCOPE

The future scope of the proposed Vehicle Emission
Detection system includes several improvements
that can enhance its intelligence, efficiency, and
practical deployment. Advanced deep learning
algorithms such as Convolutional Neural Networks
(CNN), YOLO (You Only Look Once), and Vision
Transformers can be integrated to improve vehicle
detection and number plate recognition accuracy
under different weather and lighting conditions. The
system can also be extended with cloud computing
and edge computing technologies to enable large-
scale deployment across multiple cities while
supporting real-time monitoring and centralized
management. Future versions may integrate GPS
technology to identify pollution hotspots and track
the movement of highly polluting vehicles.
Additional  environmental sensors can be
incorporated to measure temperature, humidity, air
quality index, and noise pollution for comprehensive
environmental monitoring. Predictive analytics can
be implemented to forecast future emission levels
based on historical vehicle performance, enabling
preventive maintenance recommendations.
Integration with smart traffic management systems
and government transportation databases can further
automate enforcement procedures, including digital
challan generation and emission certificate
verification. Mobile applications may also be
developed to notify vehicle owners regarding
emission status, maintenance schedules, and
regulatory compliance. These enhancements will
transform the proposed system into a comprehensive
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intelligent environmental monitoring platform
capable of supporting smart city initiatives, reducing
air pollution, improving public health, and promoting
sustainable transportation systems.
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