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Abstract : This survey paper investigates the integration of 10T and Computer Vision (CV) technologies to enhance road safety
and optimize street lighting. Traditional safety measures often fall short in accident prevention and energy management. Our system
comprises two key modules: a Hairpin Bend Safety System and a Smart Street Lighting System. The Hairpin Bend Safety System
employs ultrasonic sensors for vehicle detection, while the Smart Street Lighting System leverages Light Dependent Resistors
(LDRs) for adaptive lighting control, with processing handled via Arduino Nano. Additionally, our project incorporates a Computer
Vision-based vehicle detection system, where a camera captures and processes real-time vehicle data, displaying results on a screen.
This integration improves accuracy and reliability in accident prevention. We discuss various methodologies, challenges, and
benefits of implementing such a system.
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. INTRODUCTION

1.INTRODUCTION

Urbanization has led to an increase in traffic density and road accidents, necessitating smarter solutions for road safety and energy-
efficient lighting. Conventional methods lack real-time adaptability, leading to accidents and energy wastage. Our proposed system
integrates 10T and Computer Vision technologies to enhance road safety and optimize street lighting operations.

1.1 Motivation
The rise in road accidents due to poor visibility and unregulated street lighting highlights the need for an automated system. The
advent of 10T and Computer Vision provides a scalable and cost-effective solution to address these issues.

1.2 Contributions
e Implementation of an loT-based Hairpin Bend Safety System using ultrasonic sensors.
Adaptive street lighting through LDR-based IoT automation.
Integration of a Computer Vision-based vehicle detection system for enhanced safety monitoring.
Comparative analysis of different methodologies in accident prevention and smart lighting.

Il. LITERATURE SURVEY

Existing research extensively explores loT-based accident prevention and smart street lighting, yet few implementations
effectively integrate loT with Computer Vision for enhanced safety measures. Prior studies have examined:
e loT-enabled street lighting systems: These systems dynamically adjust brightness based on surrounding conditions,
effectively reducing energy wastage.
e Smart accident prevention mechanisms: Many solutions use ultrasonic sensors to detect vehicle proximity and potential
collisions, preventing accidents in critical zones.
e Computer Vision applications in traffic monitoring: Research has explored vehicle classification, automated traffic
management, and congestion prediction using advanced vision models.
e Limitations of isolated implementations: Many existing systems operate independently, leading to inefficiencies in
detection accuracy, response time, and energy utilization.
Despite these advancements, most existing systems lack real-time adaptability and seamless integration between loT and
Computer Vision. This project bridges this gap by developing a unified system that:
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e  Enhances detection accuracy through real-time image processing and sensor fusion.
e Improves response time by providing instant alerts based on detected vehicles.
e  Optimizes energy consumption using intelligent automation and dynamic control of streetlights

I11. METHODOLOGY

Our system consists of three main components:
1. Hairpin Bend Safety System: Uses ultrasonic sensors to detect vehicles at sharp turns, warning drivers of incoming
traffic.
2. Smart Street Lighting System: Utilizes LDR sensors to adjust lighting intensity based on ambient conditions.
3. Computer Vision-Based Vehicle Detection: A camera captures and processes live vehicle footage, displaying detected
vehicles on a screen for enhanced monitoring.

3.1 Technology Used
e Hardware:
o Arduino Nano for processing sensor inputs.
o Ultrasonic Sensors for vehicle detection at hairpin bends.
o LDR Sensors to monitor and control street lighting brightness.
o Camera Module for real-time vehicle tracking and recognition.
e Software:
o OpenCV for image processing and object detection.
o Python for Computer Vision algorithms and real-time processing.
o Arduino IDE for microcontroller programming.
e Processing Unit:
o Raspberry Pi

The Raspberry Pi serves as the primary processing unit for handling real-time Computer Vision-based analysis. It is responsible
for capturing, processing, and analyzing video feeds from the camera module. The key functions of the Raspberry Pi in this system
include:

o Real-Time Processing: Executes image processing algorithms with minimal latency.

e Edge Computing: Reduces dependence on cloud-based processing by handling data locally.

e Integration with IoT Components: Communicates with Arduino and sensors to provide seamless data processing.

o Energy Efficiency: Consumes low power while delivering optimal performance for continuous operation.
This integration enhances the system’s ability to detect vehicles accurately while maintaining efficiency and reliability in real-world
conditions.

IVV. CHALLENGES AND SOLUTIONS

4.1 Sensor Accuracy

One of the primary challenges in implementing an l10T-based accident prevention system is the accuracy of sensors. Ultrasonic
sensors, while effective in most cases, can experience detection limitations in harsh weather conditions such as heavy rain or fog.
To overcome this, multiple sensors can be installed to ensure redundancy and improve reliability. Additionally, sensor fusion
techniques can be applied to combine data from different sensors, enhancing accuracy and minimizing false positives.

4.2 Lighting Adjustments

The Smart Street Lighting System relies on LDR sensors to adjust lighting intensity based on ambient conditions. However,
environmental factors such as sudden weather changes or external light sources can affect the sensor's response. To mitigate this
issue, calibrated thresholds can be set based on historical data, and machine learning algorithms can be incorporated to fine-tune
brightness adjustments dynamically. This ensures optimal lighting performance in diverse conditions.

4.3 Computer Vision Performance

The efficiency of the Computer Vision-based vehicle detection system depends on camera quality and computational power. Low-
resolution cameras may result in inaccurate detections, while high-resolution processing demands greater computational resources.
To address this, optimized OpenCV models are used for object detection, and edge computing techniques are implemented to
process data locally on the Raspberry Pi. This enhances real-time performance while maintaining energy efficiency.

4.4 System Scalability and Cost

Deploying an integrated 10T and Computer Vision system on a large scale presents cost and infrastructure challenges. To address
this, cost-effective hardware alternatives and optimized processing techniques can be explored. Additionally, modular deployment
strategies can be implemented, allowing for phased rollouts in critical locations first before broader implementation.

V. RESULTS AND DISCUSSION

This paper explores the integration of 1oT and Computer Vision to enhance road safety and optimize street lighting. By
implementing an loT-based Hairpin Bend Safety System and an adaptive Smart Street Lighting System, our approach addresses
critical issues related to accident prevention and energy efficiency. Additionally, the Computer Vision-based vehicle detection
system improves real-time monitoring and detection accuracy.
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Through sensor fusion, edge computing, and intelligent automation, our proposed system overcomes the limitations of traditional
methods. Future advancements could include machine learning-based predictive analytics for accident prevention and the
integration of cloud-based data processing for enhanced scalability. The combination of IoT and Computer Vision in transportation
infrastructure has the potential to significantly reduce accidents and improve energy management, contributing to safer and more
sustainable smart cities.
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