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Road accidents involving two-wheelers are increasing rapidly due to unsafe riding practices such as riding without helmets, mobile
phone usage while driving, and unsafe passenger seating. To address these challenges, this paper presents a vision-based real-time helmet
recognition and automated bike ignition control system using the YOLOv8 deep learning model. The proposed system integrates Artificial
Intelligence (Al), Internet of Things (IoT), and embedded technologies to improve rider safety through intel ligent automation. A WiFi camera
captures real-time video streams and performs helmet detection, mobile phone usage detection, and child sitting-in-front detection using the
YOLOV8 object detection model. Additional safety verification is carried out using buckle detection, alcohol sensing, fall detection, and
weather monitoring modules. The ignition system is enabled only when all safety conditions are satisfied; otherwise, ignition remains disabled.
In case of violations or accidents, alerts and system status notifications are transmitted through Telegram communication. Experimental results
demonstrate high detection accuracy with reliable real-time performance suitable for practical deployment. The proposed system provides a
low-cost, scalable, and intelligent solution for enhancing two-wheeler road safety and reducing accident risks through Al-powered monitoring
and automated ignition control.

YOLOV8; Helmet Detection; WiFi Camera; Ignition Control; Telegram Notification; Road Safety; 10T; Computer Vision.

Road accidents involving two-wheelers have become a major public safety concern, especially in developing countries
such as India. A significant number of fatalities occur due to riders not wearing helmets or violating basic safety regulations.
According to road safety reports, head injuries are one of the leading causes of death among motorcycle riders during accidents.
Although helmet usage is legally mandatory, enforcement of helmet rules is still largely manual, inconsistent, and ineffective in
many regions.[1],[2] As a result, there is a growing need for intelligent and automated safety systems that can ensure rider
compliance before vehicle operation.3

Recent advancements in Artificial Intelligence (Al), computer vision, and the Internet of Things (1oT) have enabled the
development of smart transportation safety systems. Deep learning models, particularly the YOLO (You Only Look Once) family
of object detection algorithms, have shown excellent performance in real-time detection tasks due to their high accuracy and fast
inference speed.[4],[5] These capabilities make YOLO suitable for applications such as helmet detection, traffic monitoring, and
rider behavior analysis.6

The proposed system presents a vision-based real-time helmet recognition and automated bike ignition control
mechanism using the YOLOv8 model. The system combines Al-based helmet detection with multiple safety verification
mechanisms including mobile phone usage detection, child sitting-in-front detection, helmet buckle verification, alcohol
detection, and fall detection. A WiFi camera captures live video streams and performs real-time object detection, while additional
sensors such as MQ-3 and MPUG6050 monitor rider safety conditions. The bike ignition system is enabled only when all required
safety conditions are satisfied. In unsafe situations, the system automatically disables ignition and generates alerts through
Telegram notification services.[7],[8]

Unlike conventional helmet detection systems that only monitor violations through surveillance cameras, the proposed
system directly interacts with the motorcycle ignition mechanism to prevent unsafe riding. In addition, the detachable and modular
design makes the system universally compatible with different types of helmets and motorcycles without requiring major
modifications.[9]

The primary objectives of this work are to improve road safety, reduce accident-related fatalities, and encourage
responsible riding behavior through an intelligent, low-cost, and real-time Al-powered safety system. The proposed approach
integrates computer vision, embedded systems, and 0T technologies into a single platform capable of enhancing two-wheeler
safety in practical environments.[10]
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Fig. 1. Proposed Helmet Detection and Automated Bike Ignition Control System

Fig. 1 illustrates the overall architecture of the proposed system. The WiFi camera captures live video streams and sends
them to the YOLOV8 processing unit for object detection. Based on helmet detection, mobile usage detection, child sitting
analysis, and sensor outputs, the system either enables or disables bike ignition and transmits alerts through Telegram
notifications.

The WiFi camera continuously captures real-time video frames of the rider. These frames are processed using the
YOLOV8 deep learning model for object detection and safety analysis. Additional sensors including alcohol sensors, buckle
sensors, and motion sensors are integrated with the embedded controller for enhanced safety monitoring[3].

Road accidents involving two-wheelers have become a major public safety issue due to increasing violations of basic
riding safety regulations. A large number of motorcycle riders continue to operate vehicles without wearing helmets, using mobile
phones while riding, carrying children in unsafe seating positions, and driving under unsafe conditions. These unsafe riding
practices significantly increase the risk of severe injuries and fatalities during road accidents[1].

Existing traffic monitoring systems mainly depend on manual enforcement methods and surveillance cameras, which are
often inefficient, time-consuming, and unable to prevent violations before vehicle operation. Most currently available helmet
detection systems are limited only to violation monitoring and do not provide automatic ignition control or integrated rider safety
verification mechanisms[2].

The main objective of the proposed work is to develop an intelligent vision-based real-time helmet recognition and
automated bike ignition control system using YOLOVS, loT, and embedded technologies to improve two-wheeler rider safety.1

The specific objectives of the proposed system are as follows:

To develop a real-time helmet detection system using the YOLOV8 object detection model.

To detect unsafe riding conditions such as mobile phone usage while riding.

To identify unsafe child sitting-in-front conditions during vehicle operation.

To implement an automated ignition control mechanism that enables ignition only when all safety conditions are satisfied.
To integrate alcohol detection and helmet buckle verification for additional rider safety monitoring.

agrwbdE

Road safety and helmet detection systems have gained significant attention in recent years due to the increasing number
of motorcycle accidents caused by unsafe riding practices. Researchers have proposed various Artificial Intelligence (Al),
computer vision, and Internet of Things (10T)-based techniques to improve rider safety and automate traffic rule enforcement[1].
Several earlier studies focused on traditional image processing methods for helmet detection using edge detection, Haar cascade
classifiers, and histogram-based feature extraction techniques. Although these methods provided basic detection capability, their
performance was limited under varying lighting conditions, occlusions, and real-time traffic environments[2].

With the advancement of deep learning technologies, Convolutional Neural Network (CNN)-based object detection
models have become widely used for helmet detection applications. Models such as Faster R-CNN, SSD, and YOLO
demonstrated improved accuracy and real-time performance for traffic monitoring systems. Redmon et al. introduced the YOLO
object detection framework, which significantly improved detection speed by performing object localization and classification in
a single-stage architecture[3].

Recent research studies have increasingly adopted the YOLO family of models for intelligent transportation systems.
YOLOV5 and YOLOv7-based approaches have been used for helmet detection, rider counting, and traffic violation monitoring
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with high accuracy and low inference time. However, most existing systems primarily focused only on helmet detection and
traffic surveillance without integrating ignition control mechanisms or real-time rider safety monitoring[4],[5].

Several 10T-based smart helmet systems have also been proposed using alcohol sensors, accident detection modules, and
GSM communication services. These systems utilized sensors such as MQ-3, accelerometers, and GPS modules to monitor rider
conditions and transmit emergency alerts. Although these approaches improved rider monitoring, they lacked advanced Al-based
vision analysis for identifying unsafe riding behaviors such as mobile phone usage and unsafe passenger seating[6].

Some recent works combined computer vision with embedded systems for automated ignition control. However, many
of these systems required expensive hardware, high computational resources, or complex installation procedures, limiting their
practical implementation. Additionally, existing systems rarely included integrated notification services such as Telegram-based
real-time communication and monitoring[7].

The proposed system overcomes these limitations by integrating YOLOV8-based object detection with loT-enabled
ignition control, real-time Telegram notifications, alcohol sensing, child sitting detection, and mobile phone usage monitoring in
a single platform. The use of YOLOV8 improves real-time performance and detection accuracy while maintaining lightweight
deployment suitable for edge-based embedded applications[8].

Compared with previous studies, the proposed approach provides a low-cost, scalable, detachable, and intelligent road
safety solution capable of preventing unsafe riding before vehicle operation. The integration of Al, embedded systems, and loT
technologies enhances rider compliance and improves overall transportation safety[9].

The proposed system is a vision-based real-time helmet recognition and automated bike ignition control system developed
using Artificial Intelligence (Al), Internet of Things (10T), embedded systems, and computer vision technologies. The system is
designed to improve two-wheeler rider safety by automatically detecting safety violations such as riding without a helmet, mobile
phone usage while riding, unsafe child sitting in front of the rider, alcohol consumption, and accident conditions. Based on these
detections, the system controls the bike ignition mechanism and generates real-time notifications through Telegram
services[1],[2].

The overall architecture of the system consists of four major modules: Input Module, Processing Module, Decision and
Control Module, and Communication Module.
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Fig. 2. State Diagram of Proposed Safety Detection and Ignition Control System

Fig. 2 illustrates the state diagram of the proposed safety detection and ignition control system. The WiFi camera captures
live rider images and the YOLOv8 model performs helmet detection, mobile usage detection, and child sitting analysis. Based
on sensor verification and safety conditions, the system either enables or disables ignition and sends Telegram notifications
accordingly.

A. Input Module:

The input module consists of a WiFi camera, helmet-mounted sensors, and environmental monitoring sensors. The WiFi
camera captures live video streams of the rider during vehicle operation. These video frames are transmitted to the processing
unit for real-time analysis. The captured images are used for detecting helmet usage, mobile phone usage, and unsafe passenger
seating conditions using the YOLOV8 model [4].

An MQ-3 alcohol sensor is used to measure alcohol concentration from the rider’s breath. If alcohol levels exceed the
predefined threshold, the ignition system is disabled automatically. A magnetic reed switch is attached to the helmet buckle to
verify whether the helmet strap is properly fastened. The MPUB050 accelerometer and gyroscope sensor continuously monitor
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sudden tilt, vibration, and crash conditions for accident detection. Environmental sensors are also included to monitor weather
conditions such as rain and humidity.
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Fig. 2. Used Case Diagram

B. YOLOvV8-Based Detection Module:

The proposed system uses the YOLOV8 object detection model for real-time identification of safety violations. YOLOv8
was selected because of its high accuracy, lightweight architecture, fast inference speed, and suitability for edge-based
applications. The model performs object detection in a single stage, making it suitable for real-time traffic safety applications[6].

The model was trained using a custom dataset consisting of multiple riding conditions such as:
o Helmet worn properly

No helmet

Mobile phone usage while riding

Child sitting in front of rider

o Multiple rider conditions

o Safe riding posture

The dataset images were collected under different lighting and environmental conditions to improve robustness and
accuracy. Image annotation was performed using bounding box labeling techniques. The annotated dataset was then used to train
the YOLOv8 model using transfer learning methods [7].

During system operation, the WiFi camera captures live frames and sends them to the YOLOV8 processing unit. The
model identifies the rider and classifies safety conditions in real time. If a helmet is detected properly and no unsafe activities are
identified, the system allows ignition. If violations such as no helmet, mobile phone usage, or unsafe child seating are detected,
ignition is immediately disabled and warning alerts are generated [8].

C. Decision and Ignition Control Module:

The decision and ignition control module is responsible for enabling or disabling the bike ignition system based on safety
verification results. A relay module is connected between the ignition system and the embedded controller. The controller
continuously receives detection results from the YOLOV8 model and sensor modules.[9]

The ignition control logic operates according to the following safety conditions:
1. Helmet must be detected.

2.Helmet buckle must be fastened.

3.No mobile phone usage should be detected.

4. Child should not sit in front of the rider.

5. Alcohol level must remain below threshold value.
6. No accident condition should be detected.

If all conditions are satisfied, the relay module activates the ignition system and allows the motorcycle to start. If any
condition fails, the relay disconnects the ignition circuit automatically, preventing vehicle operation. LED indicators and buzzer
modules are used to provide warning signals during safety violations.[10]

D. Communication and Notification Module:

The proposed system includes a real-time communication and notification module using WiFi connectivity and Telegram
services. The embedded controller transmits system status, violation alerts, GPS location, and accident notifications through
Telegram messages.[11]
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Whenever unsafe riding conditions are detected, the system automatically sends alerts such as:
o Helmet violation detected

o Mobile phone usage detected
o Child sitting violation detected
e Ignition disabled
¢ Accident detected
GPS coordinates are also transmitted along with emergency alerts to help identify the rider’s location during accidents.

The system dashboard displays ignition status, safety conditions, recent activity logs, and GPS tracking information for
continuous monitoring.[12]

E. System Workflow

The operational workflow of the proposed system begins with video acquisition using the WiFi camera. The captured
frames are processed by the YOLOV8 model for object detection and rider safety analysis. Simultaneously, sensor modules collect
data related to alcohol level, helmet buckle status, and vehicle movement conditions.[13]

The decision-making unit evaluates all safety conditions in real time. If the rider satisfies all safety requirements, the
ignition system is activated. Otherwise, the ignition remains disabled and warning notifications are generated. During vehicle
movement, the system continuously monitors accident conditions and transmits emergency alerts whenever abnormal conditions
are detected.[14]

The proposed methodology provides a low-cost, intelligent, scalable, and real-time safety solution capable of improving
rider compliance and reducing road accidents through Al-powered monitoring, embedded systems, and loT-based
automation.[15]

The proposed vision-based helmet recognition and automated bike ignition control system was successfully implemented
and tested under different riding conditions. The system was evaluated for helmet detection, mobile phone usage detection, child
sitting-in-front detection, ignition control, GPS tracking, and real-time alert generation using Telegram notifications.
Experimental results demonstrated reliable real-time performance with accurate safety violation detection and automated ignition
management.

A. Helmet Detection and Ignition Activation:

The proposed system successfully detected helmet usage in real time using the YOLOVS8 object detection model. When
the rider wore the helmet properly and all safety conditions were satisfied, the ignition system was automatically enabled through
the relay control mechanism. The dashboard displayed ignition status, GPS location, and recent activity information continuously
during operation.[4]
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Fig. 4. Helmet Detection with Ignition Enabled

Fig. 4 shows successful helmet detection using the YOLOV8 model. Since the rider is wearing a helmet properly and no
safety violations are detected, the ignition system remains enabled. The dashboard displays safe riding status along with GPS
location and monitoring information.

The system demonstrated stable performance under different lighting conditions and viewing angles. The helmet
detection module achieved high accuracy while maintaining low computational delay suitable for real-time road safety
applications.[5]

B. No Helmet Detection and Ignition Blocking:

The proposed system effectively identified riders without helmets and automatically disabled vehicle ignition to prevent
unsafe riding. Whenever helmet absence was detected, the relay module disconnected the ignition circuit and generated warning
notifications.6
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Fig. 5. No Helmet Detection and Ignition Blocking

Fig. 5 illustrates the detection of a rider without a helmet. The YOLOV8 model identifies the violation in real time and
automatically disables the ignition system. Warning notifications are generated and displayed on the dashboard to prevent unsafe
riding.

The implemented ignition control mechanism ensured that the motorcycle could not start unless all mandatory safety
conditions were satisfied. This approach significantly improved rider compliance and enhanced overall road safety.[7]

C. Mobile Phone Usage Detection:

The proposed system also monitored mobile phone usage during riding using the YOLOv8 detection model. The system
continuously analyzed rider activities and identified unsafe phone usage conditions in real time.8

() Safety Dashboard

Fig. 6. Mobile Phone Usage Detection During Riding

Fig. 6 demonstrates mobile phone usage detection during riding. The proposed system identifies unsafe mobile usage
using YOLOV8 object detection and immediately disables ignition while generating violation alerts and dashboard notifications.

The mobile phone detection module reduced rider distraction and contributed to safer vehicle operation by discouraging
unsafe riding behavior.[9]

D. Telegram Notification and Monitoring System:

The proposed system includes a real-time Telegram notification module for transmitting rider safety alerts and system
status messages. Whenever safety violations or accident conditions are detected, the embedded controller automatically sends
alert messages through Telegram using WiFi communication.[12]

The Telegram notification system provides instant updates regarding:
Helmet violation detection
Mobile phone usage detection
Child sitting-in-front detection
Ignition ON/OFF status
Alcohol detection alerts
Accident detection alerts
GPS location details

Fig. 8 illustrates the Telegram alert message received during unsafe riding conditions. The proposed system automatically
transmits real-time warning notifications and ignition status information through Telegram communication services.

The Telegram-based communication module improves emergency response capability and allows users to receive safety

notifications remotely in real time. The integration of loT communication services with Al-based safety monitoring enhances the
practicality and reliability of the proposed smart transportation safety system.[13]
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E. Performance Analysis

The proposed system achieved high object detection accuracy and stable real-time performance during experimental
evaluation. The YOLOV8 model demonstrated reliable detection capability for helmet usage, mobile phone usage, and unsafe
riding conditions under different environmental conditions.[14]

The integrated ignition control mechanism, Telegram communication system, and embedded safety modules collectively
improved the reliability and effectiveness of the proposed road safety solution. The overall system successfully combined
Artificial Intelligence, 10T, and embedded technologies into a low-cost and scalable smart transportation safety platform.[15]

The proposed vision-based real-time helmet recognition and automated bike ignition control system using YOLOv8 was
successfully designed and implemented for improving two-wheeler rider safety. The system effectively integrated Avrtificial
Intelligence (Al), Internet of Things (1oT), embedded systems, and real-time communication technologies into a unified smart
transportation safety platform.[1]

The developed system successfully detected helmet usage, mobile phone usage while riding, unsafe child sitting-in-front
conditions, alcohol consumption, and accident situations in real time. Based on these detections, the ignition control mechanism
automatically enabled or disabled the motorcycle ignition system to prevent unsafe riding practices. The implemented Telegram
notification module provided instant alerts and safety status messages for improved monitoring and emergency response.[2]

The YOLOV8 object detection model demonstrated high detection accuracy and low inference latency suitable for real -
time embedded applications. The integration of WiFi camera modules, sensor-based safety verification, relay-controlled ignition
systems, and loT communication improved the overall effectiveness and reliability of the proposed system.[3]

Experimental results confirmed that the proposed system can significantly improve rider compliance with safety
regulations and reduce accident risks caused by helmet violations, distracted riding, and unsafe passenger positioning. The system
also provided a low-cost, scalable, and modular architecture suitable for practical deployment in smart transportation and road
safety applications.4

In future work, the proposed system can be further enhanced by integrating cloud-based data storage, advanced rider
behavior analytics, voice assistance, traffic rule monitoring, and emergency healthcare communication services. The
implementation of advanced Edge Al models and smart city integration can further improve the efficiency and real-world
applicability of intelligent road safety systems.[5]
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