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ABSTRACT: Motorcycle accidents remain a significant cause of injuries and fatalities worldwide, especially among
young adults. Despite the existence of helmet laws and strict regulations, enforcement challenges persist, resulting in
low compliance rates and increased vulnerability to head injuries. In an attempt to address this persistent safety
concern, we propose a Smart Helmet Detector System utilizing the Raspberry Pi platform to enable real-time
monitoring of helmet usage, specifically targeted for college campus environments.

The developed system combines advanced computer vision algorithms, IoT integration, and sensor technologies to
automatically detect the absence of helmets among motorcycle riders. Upon detecting non-compliance, the system
captures images as evidence and issues alerts to relevant authorities for prompt corrective action. By encouraging
consistent helmet usage and fostering safer riding practices among students, faculty, and staff, the Smart Helmet
Detector System aims to substantially reduce the risk of severe head injuries and fatalities on campus premises. The
overall objective is to promote a culture of safety, responsibility, and technological intervention in road safety practices.

KEY WORDS: Smart helmet monitor, helmet usage, Raspberry Pi, riders, safety, motorcycle, head injuries.
I. INTRODUCTION

Motorcycles remain a popular mode of transportation across many parts of the world, especially among college
students who prefer their cost-effectiveness and convenience. However, motorcycles also present inherent safety risks
due to their limited structural protection compared to automobiles. Statistics from the World Health Organization
indicate that the correct use of a helmet can reduce the risk of death by nearly 42% and the risk of head injury by 69%.
Despite these compelling statistics, compliance with helmet laws remains sporadic, largely due to inadequate
monitoring and enforcement mechanisms.

Traditional approaches to enforcing helmet use, such as manual inspections by security personnel, are labor-
intensive, prone to human error, and often fail to deter habitual offenders. Consequently, there is a pressing need for
automated systems that can monitor helmet usage effectively and consistently. This project introduces the Pi Helmet
Monitor, a Raspberry Pi-based intelligent monitoring system specifically designed for deployment at college campus
entrances. By using advanced computer vision techniques, the system can detect helmet usage among motorcycle
riders, capture evidence of non-compliance, and alert relevant authorities for appropriate action.

The proposed system not only strengthens the enforcement of helmet laws but also serves as an educational tool,
fostering greater awareness and responsible riding practices among students. Through the combination of real-time
monitoring, IoT integration, and low-cost deployment, the Smart Helmet Monitor represents a practical solution to
enhancing campus road safety and potentially saving lives.

II. LITERATURE SURVEY
This study introduces a smart helmet system utilizing Raspberry Pi, GPS, and GSM technologies for real-time

accident detection and location tracking. The helmet integrates various sensors to detect crashes, while the GPS module
provides the exact coordinates of the incident. [1]
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Anitha and Natarajan present a multifunctional smart helmet that combines accident detection, alcohol sensing,
and helmet usage enforcement. The system ensures the motorcycle won't start unless the rider wears the helmet and
passes an alcohol breath check[2]

This research focuses on an intelligent headgear aimed at accident prevention rather than just detection. The
system uses vibration and pressure sensors to detect collisions and initiates emergency response via GSM messaging.
An added feature includes monitoring the rider's head movements and vehicle dynamics to detect irregular driving
patterns[3]

Bansal et al. designed a Raspberry Pi-based smart helmet that monitors critical safety parameters such as alcohol
consumption, helmet usage, and accident occurrence. The system features automatic accident detection using sensors,
followed by sending GPS location data through GSM.[4]

This early study on smart helmet systems utilizes basic GPS and GSM modules to detect and respond to road
accidents. Upon detecting a collision using accelerometers, the system sends the rider’s location to emergency
contacts.[5]

Kaur and Singh developed a smart helmet system that ensures vehicle ignition is disabled unless the rider is
wearing the helmet. The system includes accelerometers for accident detection, which, upon activation, trigger an alert
sent via GSM[6]

This study proposes a low-cost smart helmet system that enhances safety by ensuring the rider wears a helmet
before the vehicle starts. The system uses RFID and sensors to detect helmet usage and alcohol presence, and it blocks
ignition if safety requirements are not met.[7]

Patil and Thorat present a comprehensive safety system for riders, combining fall detection, location tracking,
and alert messaging via GSM. The core of the system is a Raspberry Pi, which processes sensor data and triggers alerts
when abnormal motion or impact is detected.[8]

This research integrates IoT capabilities into a smart helmet system, offering real-time monitoring, accident
detection, and alert generation. The system uses various sensors (accelerometers, alcohol sensors, etc.) along with a
microcontroller and wireless communication to update emergency contacts.[9]

This study diverges slightly from rider-side safety systems and instead focuses on automated helmet detection
using computer vision on a Raspberry Pi platform. The aim is to enhance traffic law enforcement by detecting whether
riders are wearing helmets in real-time.[10]

III. METHODOLOGY

The Smart Helmet Detector System is developed with a focus on real-time detection, affordability, scalability,
and ease of deployment. The overall system architecture integrates hardware modules, computer vision algorithms, and
cloud-based communication to ensure effective helmet monitoring. At the core of the hardware design is the Raspberry
Pi 4 Model B, chosen for its strong processing capabilities, compact form factor, and cost-effectiveness. The Raspberry
Pi is connected to a high-definition camera module capable of capturing real-time video streams at strategic entrance
points of the campus. In addition to the camera, various sensors are integrated into the system, including the Alcohol
Sensor (MQ-3) to detect the presence of alcohol vapors, providing an indication of rider intoxication; a Pressure Sensor
or Infrared (IR) Sensor to confirm the physical presence of a helmet; an Accelerometer Module to detect sudden
impacts or unusual tilting that could signify potential accidents; and optionally, a GPS Module to record the location of
accidents for emergency responses, along with a GSM Module for sending SMS alerts to registered emergency
contacts. All collected sensor data is processed by the Raspberry Pi in real-time, with critical events logged for later
administrative review.

On the software side, the Python programming language serves as the backbone for the system development,
due to its extensive library support and excellent compatibility with Raspberry Pi hardware. OpenCV, a widely-used

open-source computer vision library, is utilized to process the video frames and perform helmet detection. The helmet
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detection algorithm operates by capturing a continuous video feed from the camera, preprocessing frames to enhance
image quality through noise reduction and contrast enhancement, and applying either Haar cascade classifiers or more
advanced deep learning models such as MobileNet SSD, which are trained specifically for helmet recognition tasks.
These models detect and classify objects within each frame, distinguishing between helmet-wearing and non-helmet-
wearing riders. Upon identifying a non-helmeted rider, the system captures the corresponding image, timestamps it, and
stores the evidence either on a cloud server or a local database for administrative actions. Optional license plate
recognition can be implemented to enhance the accountability of violators.

The complete working flow of the system begins as a rider approaches the campus entrance, where the camera
module captures the vehicle's image. The computer vision algorithms process the captured image to detect the presence
of a helmet. If a helmet is detected, the rider is allowed to proceed. If no helmet is detected, the system immediately
captures the rider’s image, stores the evidence, and generates an alert for the concerned authorities. Meanwhile, the
alcohol sensor continuously monitors for the presence of intoxication, and the accelerometer observes any signs of
accidents or abnormal movements. In the event of intoxication detection or an accident, the system triggers emergency
alerts through IoT-based services or the GSM module, ensuring swift and appropriate responses. This intelligent and
automated process ensures a significant enhancement in monitoring and enforcing motorcycle safety compliance within
the campus premises.

IV. EXPERIMENTAL RESULT
The Smart Helmet Detector System was deployed at the entrance gate of Dhaanish Ahmed Institute of
Technology for experimental validation. Various parameters were evaluated to determine the effectiveness and

reliability of the system.

V. BLOCK DIAGRAM

MEMORY

POWER SUPPLY - | RASPBERRY Pi - RECIEVES MAIL
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CAMERA MODULE

COMPONENTS:
1. Raspberry pi board
2. Raspberry pi camera
3. Micro classic sd card
4. Micro HDMI cable
5. HDMI to VGA converter
6. Power adapter
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4.1 Helmet Detection

Testing was conducted under varying lighting conditions (morning, noon, evening). The detection accuracy
achieved was approximately 93% under optimal conditions. False negatives were primarily observed during low-light
situations or when riders wore non-standard headgear resembling helmets.

4.2 Alcohol Detection
The MQ-3 sensor successfully identified alcohol vapors with a detection latency of approximately 5 seconds.
Trials involving alcohol exposure at varying distances validated the sensitivity and reliability of the sensor.

4.3 Accident Detection
Simulated accidents using sudden jerks and impacts were accurately flagged by the accelerometer. The system
responded within 3 seconds to send an alert through a simulated GSM notification.

4.4 System Scalability
The system was able to handle simultaneous detection of multiple riders at entrance gates, processing up to 5
concurrent detections without significant lag, highlighting its potential for scalability.

ThorosoreC Nnol?alolV Tomiold

V. CONCLUSION

The Smart Helmet Detector System developed using Raspberry Pi offers a practical and effective solution for
enhancing motorcycle rider safety within college campuses. By combining real-time computer vision helmet detection,
alcohol sensing, accident monitoring, and IoT-based alert systems, the project addresses several critical aspects of road
safety enforcement.

The deployment of the system demonstrated its capability to improve helmet compliance, increase rider
awareness, and facilitate prompt intervention in case of safety violations. Furthermore, its affordability, ease of
implementation, and scalability make it suitable for broader deployment across educational institutions and public
places.

Continued development and integration of advanced machine learning models and adaptive algorithms can
further improve the system’s robustness and accuracy under diverse environmental conditions.
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