ISSN: 2582-7219

International Journal of Multidisciplinary
Research in Science, Engineering and Technology

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.206 Volume 8, Issue 12, December 2025



©2025 IJMRSET | Volume 8, Issue 12, December 2025 DOI:10.15680/IJMRSET.2025.0812022

IEUVEPELYEVPARE | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

A5 International Journal of Multidisciplinary Research in
5 XIS o . . SR
S W« Science, Engineering and Technology (I.JMRSET)
Ilmns f (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Vehicle Alert System for Narrow Passages

Neha Dayanand Chougule', Devayani Babaso Itale!, Sanskruti Suresh Kamble',
Akshata Ashwin Koravi!, Sanika Suhas Kamble!, Prof. A. A. Udgave?
Student, Sharad Institute of Technology Polytechnic, Yadrav, Maharashtra, India'
Guide, Sharad Institute of Technology Polytechnic, Yadrav, Maharashtra, India?

ABSTRACT: This seminar report explores a sensor-based, automated alert system utilizing an ESP32 microcontroller,
infrared (IR) sensors, ultrasonic sensors, buzzer alarms, relays, and LED indicators, designed to address these
challenges in real-time. The primary objective of this system is to provide instantaneous detection of obstacles and
approaching vehicles in narrow passages, enabling timely alerts to drivers through visual and auditory signals. By
employing ultrasonic sensors, the system measures the precise distance of obstacles, while IR sensors detect the
presence and proximity of objects, ensuring redundancy and improving detection accuracy. The ESP32 microcontroller
serves as the processing unit, interfacing with sensors and controlling the activation of LEDs, buzzers, and relay-driven
external alert systems. This integration facilitates an efficient, low-cost, and reliable solution for traffic safety
enhancement.

L. INTRODUCTION

The increasing number of vehicles has led to a rise in accidents, particularly in narrow passages like crowded streets,
parking lots, and construction sites. Drivers often misjudge distances, leading to scrapes and collisions. This vehicle
alert system addresses this problem by providing a real-time, active warning, reducing driver stress and improving
safety during difficult maneuvers.

The Vehicle Alert System in Narrow Passage utilizes modern sensor technology, microcontrollers, and IoT principles
to mitigate the risk of collisions. By employing ESP32 microcontrollers integrated with infrared (IR) sensors and
ultrasonic sensors, this system can detect obstacles and approaching vehicles in real-time. The system actively monitors
the narrow passage environment and triggers auditory and visual alerts through buzzers and LEDs when it detects
potential hazards.

Additionally, relay-controlled external indicators can enhance driver awareness in scenarios where immediate
intervention is required. This seminar report provides a comprehensive overview of the technical design, working
methodology, component selection, and system integration for the Vehicle Alert System. The introduction also
highlights the relevance and significance of sensor-based automation in modern transportation infrastructure,
emphasizing safety, efficiency, and technological adaptability. Furthermore, it outlines the challenges addressed by the
system, including limited spatial awareness, reaction time delays, and the need for low-cost, reliable, and scalable
solutions for traffic management in narrow areas.

II. LITERATURE REVIEW

The concept of vehicle alert systems has been extensively studied in both academic research and industrial applications.
Early works focused on proximity sensors and ultrasonic-based detection systems, primarily using Arduino-based
platforms to implement simple obstacle detection mechanisms. Recent studies have incorporated microcontrollers with
wireless communication capabilities, such as ESP32, to enable real-time monitoring, data logging, and integration with
smart traffic management systems. IR sensors, widely utilized in robotics and vehicle detection, provide reliable
detection of object presence by measuring infrared light reflections.

Ultrasonic sensors complement IR sensors by providing precise distance measurements, using high-frequency sound
waves to calculate the proximity of obstacles. The fusion of IR and ultrasonic sensors ensures redundancy, increases
detection accuracy, and mitigates errors due to environmental factors such as lighting, dust, or reflective surfaces.
Several research articles demonstrate the efficacy of ESP32-based systems in real-time applications, owing to its dual-
core processor, integrated Wi-Fi, and low power consumption. ESP32 facilitates seamless interfacing with multiple
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sensors and output devices, enabling sophisticated algorithms for obstacle detection, alert triggering, and logging of
near-miss events. Comparative studies indicate that hybrid sensor approaches outperform single-sensor configurations,
offering better reliability and faster response times.

III. PROBLEM STATEMENT: VEHICLE ALERT SYSTEM FOR NARROW PASSAGES

In urban and rural environments, drivers frequently encounter narrow roads, alleyways, tunnels, or construction zones
where maneuvering becomes challenging. These tight spaces often lack adequate signage or real-time feedback, leading
to vehicle damage, traffic congestion, and safety hazards—especially for larger vehicles like trucks, buses, and SUVs.

The problem is the absence of a reliable, real-time alert system that can detect and warn drivers when their vehicle is
approaching or entering a passage that may be too narrow for safe traversal. This issue is exacerbated in low-visibility
conditions, unfamiliar areas, or when GPS data lacks precision regarding road width.

The goal is to design a smart alert system that:

Detects narrow passages using sensors, cameras, or map data.

Assesses vehicle dimensions and clearance requirements.

Provides timely visual or auditory alerts to the driver.

Suggests alternate routes or maneuvering guidance when necessary.

IV. SYSTEM ARCHITECTURE

The vehicle alert system consists of the following key components:

Ultrasonic sensors: Mounted on the sides of the vehicle, these sensors emit high-frequency sound waves and calculate
the time it takes for the echo to return. This is used to determine the distance to any obstacles.

Microcontroller: An Arduino Uno or similar board acts as the system's "brain". It receives distance data from the
ultrasonic sensors, processes it, and controls the alert outputs.

Power supply: The system is powered by the vehicle's 12V battery, which is stepped down to 5V to power the
microcontroller and other components.

Alert system: A combination of a buzzer and an LCD screen provides the driver with clear warnings. The buzzer
sounds an alarm that increases in frequency as the vehicle gets closer to an obstacle, while the LCD displays the
distance measurements.

V.SYSTEM OVERVIEW

The system architecture revolves around the ESP32 microcontroller, which acts as the central processing unit,
interpreting sensor inputs and activating output devices. Infrared (IR) sensors are strategically positioned to detect
objects within a predefined proximity. These sensors generate digital signals upon detecting obstacles, which are
transmitted to the ESP32. Concurrently, ultrasonic sensors measure the exact distance of detected objects by emitting
high-frequency sound pulses and calculating the time delay for echo reception. The combination of these two sensing
modalities provides comprehensive detection capabilities, covering both object presence and precise distance
estimation.

The ESP32 processes the collected data using threshold-based logic. When the measured distance falls below a safety
limit or when the IR sensor detects an object, the microcontroller triggers visual alerts via LEDs and auditory alerts via
a buzzer. Additionally, relay modules can be activated to control external warning lights or signaling devices, extending
the alert mechanism beyond the immediate vehicle. The system is designed to operate continuously, with low latency
response times, ensuring that drivers receive timely warnings even in fast-paced or dynamically changing scenarios. A
block diagram of the system (Fig. 1.1) typically illustrates the interconnection of sensors, the ESP32, output devices,
and power supply. The modular design allows for scalability, enabling the integration of additional sensors, wireless
communication modules, or IoT platforms for remote monitoring. The system overview section emphasizes the
seamless integration of hardware and software, real-time processing, and reliability, forming the foundation for safe
navigation in narrow passages.
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VI. IMPLEMENTATION

Hardware:

Sensor setup: Two or more ultrasonic sensors are mounted on the vehicle's side mirrors or fenders, angled to cover the
vehicle's blind spots.

Circuit assembly: The sensors, buzzer, and LCD screen are wired to the microcontroller on a breadboard or custom-
designed printed circuit board (PCB).

Power integration: A voltage regulator is used to ensure a stable 5V power supply to prevent damage to the electronics.

Software:

Programming the microcontroller: The Arduino IDE is used to write and upload the code to the microcontroller.
Sensor reading and distance calculation: The program continuously polls the ultrasonic sensors for distance data.
Warning thresholds: The software defines specific distance thresholds to trigger different levels of alerts.
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For example:
Level 1 (Far): A slow, intermittent beep and a message like "Object detected" on the LCD.
Level 2 (Near): A faster beep and a message like "Warning!" on the LCD.
Level 3 (Critical): A continuous, loud alarm and a message like "Stop!" on the LCD.
Display output: The program controls the LCD to show real-time distance measurements and warning messages.

VII. TESTING AND RESULTS

The system was tested in various simulated and real-world narrow passage scenarios, including:

Parking garage maneuvers: Navigating between parked cars and pillars.

Narrow alleyways: Driving between two close-set walls.

Object detection: Approaching a static object like a traffic cone.

Evaluation criteria

Accuracy: The system's ability to provide accurate distance readings.

Responsiveness: The speed at which the system detects obstacles and issues alerts.

Reliability: The consistency of the system's performance under different conditions.

Findings

The tests demonstrated that the prototype effectively detected obstacles within the specified range, providing timely
and accurate alerts to the driver. The audio and visual warnings significantly enhanced driver awareness and confidence
in tight spaces. The system consistently performed well, proving its reliability for real-world application.

VIII. WORKING PRINCIPLE

The working principle of the Vehicle Alert System is based on continuous monitoring of the environment using IR and
ultrasonic sensors, real-time data processing via the ESP32, and prompt alerting through buzzer, LEDs, and relay-
controlled devices. The system operates in a loop where sensor readings are continuously evaluated against predefined
safety thresholds. Ultrasonic sensors emit high-frequency sound waves, which reflect off obstacles and return to the
sensor. The ESP32 calculates the distance using the time difference between emission and reception of the echo. If the
distance falls below a critical limit, the system interprets this as a potential collision threat. Simultaneously, IR sensors
detect nearby objects and provide digital signals to the ESP32, ensuring that smaller or close-range obstacles are
reliably detected. Once a potential hazard is identified, the ESP32 triggers output devices.

LEDs provide immediate visual feedback, while the buzzer emits an audible alarm to alert the driver. In cases where
external signaling is needed, relay modules activate warning lights or other devices to enhance situational awareness.
The system’s thresholds can be adjusted based on vehicle speed, environmental conditions, or passage width, allowing
for customization and increased reliability. The working principle emphasizes sensor fusion, low-latency processing,
and real-time response. By combining multiple sensing techniques, the system minimizes false positives and ensures
that drivers receive accurate alerts. This methodology enhances safety, reduces collision risks, and demonstrates the
effective application of embedded systems and IoT technologies in real-world transportation scenarios.
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IX. THE CRITICAL PROBLEM

No Escape Routes:

Narrow spaces provide insufficient room for vehicles to safely maneuver past each other

Limited Visibility:

Drivers cannot see oncoming traffic until dangerously close, especially on curved or steep passages
High Accident Risk:

Head-on collisions become inevitable when two vehicles meet in confined spaces

These conditions are particularly dangerous in mountainous regions, construction zones, and historic town centers
where road widening isn't feasible.
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X. OUR PROPOSED SYSTEM ARCHITECTURE

Detection Phase

Ultrasonic and infrared sensors placed at entry points detect approaching vehicles and measure distance
Processing Phase

Microcontroller analyzes sensor data, determines vehicle presence and direction, then triggers appropriate response
Alert Phase

LED displays and audio alarms activate to warn drivers, with different signals for various scenarios

XI. ADVANTAGES & DISADVANTAGES

Advantages:

Enhanced Safety: Warns drivers before entering tight spaces, reducing the risk of collisions, scrapes, or getting stuck.
Damage Prevention: Helps avoid costly damage to vehicles and surrounding infrastructure like walls, poles, or
barriers.

Driver Confidence: Assists drivers—especially in unfamiliar areas or poor visibility—by providing real-time
guidance.

Traffic Flow Improvement: Prevents blockages caused by vehicles stuck in narrow passages, improving overall
traffic efficiency.

Smart Integration: Can be combined with GPS, maps, and vehicle sensors for automated decision-making and route
optimization.

Accessibility: Particularly helpful for delivery drivers, emergency vehicles, and large transport vehicles navigating
urban zones.

A\ Disadvantages:

Installation Cost: Requires investment in sensors, cameras, or software integration, which may be expensive for
individual users or municipalities.

False Alerts: May trigger unnecessary warnings due to sensor errors or misinterpretation of the environment.

Limited Coverage: Effectiveness depends on infrastructure and data availability; rural or underdeveloped areas may
lack support.

Privacy Concerns: Use of cameras and location tracking may raise privacy issues if not properly managed.
Maintenance Needs: Sensors and systems require regular calibration and updates to remain accurate and reliable.
Driver Overreliance: Excessive dependence on alerts may reduce driver attentiveness or decision-making skills.

XII. CONCLUSION AND FUTURE SCOPE

The narrow passage vehicle alert system project successfully developed and tested a functional prototype that enhances
driving safety in confined areas. The low-cost and modular design makes it a viable solution for both aftermarket
installation and integration into new vehicles.

Future enhancements could include:

Integration with vehicle controls: Linking the system to the vehicle's automatic braking system for automated
emergency braking.

Advanced sensor fusion: Combining ultrasonic data with a camera or infrared sensors for more precise object
classification.

Wireless alerts: Developing a mobile app to display alerts and visual information on a smartphone or tablet.

Artificial intelligence (Al): Using machine learning to predict potential collisions and provide smarter, more proactive
warnings.
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