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Abstract

Urban traffic environments are increasingly affected by noise pollution,
hazardous lighting condition due to uncontrolled vehicle exhaust noise, and
improper use of high-beam headlights, leading to discomfort, health issues, and
safety risks. Due to drivers ignoring highway speed limits, high speed crashes
occur on highway. Vehicles experience unnecessary damage and wear due to
improper roads and unmarked Speed breakers. To address these challenges, this
work proposes an integrated vehicle control system that includes adaptive
headlight control, and silencer monitoring system. The system checks if the
vehicle exhaust is genuine and original, if the system detects that the silencer is
altered or tampered, it prevents the vehicle from moving. The adaptive
headlight system automatically adjusts the headlight intensity to the minimum
required level based on surrounding ambient light conditions, reducing glare
and improving road safety. This system works in the presence of street lights
which act as BLE beacons. To regulate the vehicle speed on highways, the
system relies on a mesh network of beacons, which inform the vehicle about
the highways speed limit, allowing the vehicle to regulate its speed to match
the highway speed. The system also used time of flight sensors, IMU and
implementing a Kalman filter to detect speed breakers and pot holes and warn
the driver of the incoming speed breaker. The proposed system is low-cost,
modular, and scalable, and can be implemented in two wheelers or
four-wheelers thereby promoting safer, quieter, and more sustainable urban
driving.
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1. Introduction

In today’s fast-growing cities, transportation plays a major role in modern life, and
vehicles have become an essential part of daily activities. The rapid increase in the
number of vehicles has considerably improved transportation but has also introduced
major challenges related to road safety, environmental pollution, and driving comfort.
Urban traffic environments are increasingly affected by excessive horn usage, improper
use of high-beam headlights, and harmful vehicle exhaust emissions. These issues lead
to noise pollution, limited visibility, poor air quality, and an increased risk of road
accidents, affecting both drivers and pedestrians. Unnecessary honking in silence zones
such as hospitals, schools, and residential areas creates continuous noise that impacts
public health and disturbs the surrounding environment. Similarly, misuse of high-beam
headlights creates glare for oncoming drivers, reducing visibility and increasing the risk
of nighttime accidents. In addition, excessive vehicle exhaust emissions are a major
source of air pollution and environmental degradation, indicating the need for
continuous vehicle monitoring.

Most existing vehicle safety systems are designed to perform a single function, such as
horn monitoring, headlight control, or emission testing. These isolated systems often
require separate hardware and lack coordination, limiting their capacity to handle
multiple road safety challenges simultaneously. Hence, there is a growing need for an
integrated solution that can monitor and regulate multiple vehicle parameters.

To solve these problems, this project proposes an integrated vehicle control system that
includes adaptive headlight control, and silencer monitoring system. The system checks
if the vehicle exhaust is genuine and original, if the system detects that the silencer is
altered or tampered, it prevents the vehicle from moving. The adaptive headlight system
automatically adjusts the headlight intensity to the minimum required level based on
surrounding ambient light conditions, reducing glare and improving road safety.

This system works in the presence of street lights which act as BLE beacons. To regulate
the vehicle speed on highways, the system relies on a mesh network of beacons, which
inform the vehicle about the highway speed limit, allowing the vehicle to regulate its
speed to match the highway speed. The system also used time of flight sensors, IMU and
implementing a Kalman filter to detect speed breakers and pot holes and warn the driver
of the incoming speed breaker. The proposed system is low-cost, modular, and scalable,
and can be implemented in two wheelers or four-wheelers thereby promoting safer,
quieter, and more sustainable urban driving.

I. LITERATURE SURVEY

Hermann Winner and Klaus C. J. Dietmayer et al. [1] presented a comprehensive
overview of advanced driver assistance systems (ADAS) and automated driving
technologies. Similarly, Abhijeet Solanki and Wesam Al Amiri et al. [2] proposed a
real-time framework to detect laser-based attacks on autonomous vehicle perception
systems. However, the study focused only on camera-based laser attack detection and
did not address other road safety concerns such as high-beam headlight misuse, vehicle



exhaust noise, or integrated vehicle monitoring. However, it does not provide a practical
integrated system for real-time monitoring of multiple road safety parameters Ksander
N. de Winkel and Michiel Christoph et al. [3] proposed a framework to classify
Advanced Driver Assistance Systems (ADAS) based on urgency and level of control
while evaluating their real-world safety performance. However, the study does not
present an integrated real-time system for monitoring multiple vehicle safety parameters
such as high-beam headlights, exhaust noise, and driver assistance. Y. Cai, M. Deng, X.
Xu et al. [4] proposed a camera—LLiDAR fusion method for real-time pothole detection
and size measurement to improve intelligent driving systems. However, the study is
limited to road surface monitoring and does not address other vehicle safety aspects
such as high-beam control, exhaust noise monitoring, or integrated driver assistance. Siti
Fairuz Mat Radzi and Mohd Amiruddin Abd Rahman et al. [5] proposed a
YOLOvV7-C3ECA-DSA model for real-time pothole detection using UAV imagery with
improved accuracy and computational efficiency. However, the study is limited to
pothole detection and does not provide an integrated solution for monitoring multiple
vehicle safety parameters. Arpit Kumar Bhatt, Hritu Raj, and Vinamra Bhushan Sharma
et al. [6] reviewed various Al-, vision-, and sensor-based pothole detection techniques
for improving road safety. However, the study is limited to road condition monitoring
and does not propose an integrated vehicle safety and driver assistance system. Baskar
Ponnusamy et al. [7] proposed a Time-of-Flight (ToF) imaging framework for real-time
pothole detection and 3D geometric analysis. However, the study focuses only on road
surface monitoring and does not integrate other vehicle safety functions such as
headlight control, exhaust noise monitoring, or driver assistance. Murat Arda Onsu,
Murat Simsek, and Burak Kantarci et al. [8] proposed a deep learning-based
multi-sensor fusion framework for detecting anomalous driving behaviors in real time.
However, the study is limited to driver behavior analysis and does not integrate
monitoring of high-beam headlights, exhaust noise, or other vehicle safety parameters.
Magnus Gyllenhammar and Martin Térngren et al. [9] reviewed various methods for
ensuring the safety of Automated Driving Systems (ADSs) through design, validation,
and risk assessment. However, the study does not propose a practical real-time system
for monitoring multiple vehicle safety parameters and driver assistance. Shaodong Zhou
and Fei-Yue Wang et al. [10] proposed intelligent and sustainable traffic lighting
systems using adaptive headlights and vehicle-to-infrastructure (V2I) communication.
However, the study does not provide a practical integrated solution for real-time
monitoring and regulation of multiple vehicle safety parameters. Sayeed Ahmed and Tet
Yeap et al. [11] investigated the effects of ambient light on outdoor Visible Light
Communication (VLC) systems for intelligent transportation. However, the study
focuses on communication reliability and does not address integrated vehicle safety
monitoring or driver assistance applications. J. Sumithra, Sumalatha A, Vanitha A, B.
Sivadharshini, V. Samuthira Pandi, and S. Ravi et al. [12] proposed an LDR-based
intelligent headlight control system to automatically switch between high and low
beams for safer nighttime driving. However, the system is limited to headlight control
and does not integrate other vehicle safety features such as noise monitoring or
multi-parameter driver assistance. Maria Antonietta Costagliola, Luca Marchitto, and
Davide Faedo et al. [13] reviewed non-exhaust particulate emissions from road transport



vehicles and their impact on environmental and human health. However, the study
focuses on emission analysis and does not propose a real-time vehicle monitoring or
integrated road safety system. Tijana IvaniSevi¢, Nikola Sibali¢, and Sreten Simovié et
al. [14] analyzed vehicle headlight intensity and beam length to evaluate their role in
improving road safety. However, the study is limited to headlight performance analysis
and does not provide an automated real-time headlight control or integrated vehicle
safety system. Wenwei Wang, Kaidi Guo, Wanke Cao, and Lei Yu et al. [15] reviewed
the evolution of electrical and electronic architectures, networking technologies, and
simulation tools for autonomous vehicles. However, the study focuses on vehicle
architecture and does not propose an integrated real-time system for monitoring multiple
road safety parameters.

A. Problem statement

Urban traffic environments are increasingly affected by noise pollution, hazardous
lighting condition due to uncontrolled vehicle exhaust noise, and improper use of high
beam headlights, leading to discomfort, health issues, and safety risks. Vehicles
experience unnecessary damage and wear due to improper roads and unmarked Speed
breakers.

2. Methodology / Materials and Methods

Describe the methods, models, experimental setup, datasets, or tools used in your work.
Provide sufficient detail so that the work can be reproduced.

3. Results and Discussion

Present the key results using text, tables, and figures where appropriate. Discuss and
interpret the findings, comparing them with existing work where relevant.

4. Conclusion

Summarize the main findings and contributions of your work. Highlight the significance
of the results and possible future work.
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