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Abstract.Road safety is one of the major concerns of this century, as a lot of in-

juries occur due to the non -compliance of wearing helmets while riding motor-

cycles. In response to this, we have decided to design and complete an AI Pow-

ered Safety System that attempts to do two things at the same time. This system 

achieves better road safety by making sure riders begin to wear helmets routine-

ly. The system uses an ESP32-CAM module that does not allow the rider to 

turn on the motorcycle without first determining if a helmet has been put on. 

The system takes three attempts, whereby if the rider does not comply, buzzer 

and LED go of signaling the rider to comply. In the instance that the rider refus-

es to comply, the system will partially turn on the motorcycle. Although allow-

ing the rider to use san emergency motorcycle, the system ensures that the rider 

cannot go further than specified distance. This technique combines AI-based 

Image Classification and Embedded electronics technology aimed to eliminate 

severe non-compliance to wearing helmets, reduce the chances of accidents, and 

improve overall safety riding standards at compensated cost. 

Keywords: Road Safety, Helmet, ESP32-Cam Module, Image Classification, 

Comply, Motorcycle 

1 Introduction 

Road transportation is an important mode of transport that connects urban and rural 

locations. Road safety is ensuring that people may travel safely, without accidents, 

injuries, or fatalities. This includes traffic rules, safety standards, infrastructure, and 

public-awareness programs. Key components include observing traffic signals, 

wearing seat belts and helmets, adhering to speed limits, and maintaining vehicles. 

Dedicated lanes and crossings help to protect pedestrians and bicycles on the road. 

Despite several safety precautions, road accidents continue to occur because of human 

error, distracted driving, speeding, driving while intoxicated, and poor road 

conditions. 
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1.1 Road Accidents  

Road Accidents are prevalent occurrences in India. When comes to Motorcycle, it is 

the quiet simple occurrence due to rider negligence and violation to traffic rules. 

Motorcycle traffic injuries and deaths account for a substantial proportion of the 

burden of motorcycle traffic injuries and deaths. Road accidents take about 1.35 

million lives every year, claims World Health Organization (WHO) and out of this, 

motorcycle crashes account for nearly 28 per cent of the total road traffic deaths [1]. 

The most common reason for serious injuries and fatalities for riders is a failure to 

wear a helmet, which dramatically increases the chance of suffering a traumatic brain 

injury (TBI) in a crash. Research shows that a helmet reduces the risk of head injuries 

to by 69%, and the risk of death by 42%. And while many countries have government 

regulation mandating the use of helmet, negligence, lack of awareness and 

enforcement fail to comply with the aims of the law [2].In developing countries, two-

wheeler vehicles are used quiet effectively, but wearing a helmet is neglected, no 

strict laws if rider do not wear a helmet, speed limit exceeding and results in 

occurrence of road accidents thereby lead to injuries and even mortality [3].  

From the records of NCRB India, appx. 46,000 two-wheeler riders lost their lives in 

2022 just because of not wearing helmet, highlighting the urgent need for stricter 

enforcement and safety measures from Fig 1. 

 

 
 

Fig 1. Two-wheeler Accidents 

 

 
Fig 2. Accidents due to not wearing helmet 



 

 

 

 

 

 

1930             A. Subramanyam et al.

On behalf of negligence of people in the society, every common man neglects to wear 

a helmet and resulting a chance of accident as per the records of Tamil Nadu Road 

Traffic, 196 Fatal Accidents and Cases Booked 3,37,163 in 2023 just only negligence 

to wear a helmet from the Fig 2 and resulting to implement penalty to the rider those 

who violate the rule but there is no such good results from the people side as per the 

records of Times of India 2023. 

1.2 Effect of Wearing Helmet 

Helmets are vital for rider protection since they significantly reduce the risk of head 

damage and death in collisions. Helmets protect the brain and skull from serious inju-

ry by absorbing and dispersing impact forces as per Fig 3. 

 
. 

Fig 3.  Proper way of riding a two-wheeler 

Many countries have implemented obligatory helmet rules to improve safety, with 

fines enforced for noncompliance. Furthermore, helmets protect riders from 

environmental hazards such as dust, wind, and inclement weather, improving 

visibility and focus while riding. They also reduce wind noise and provide padding, 

which improves comfort during long travels. Furthermore, full-face helmets protect 

against facial and eye injuries while reducing distractions from airborne particles. 

Beyond individual protection, wearing a helmet establishes a positive precedent, 

encouraging proper riding habits and raising road safety awareness. In essence, 

wearing a helmet is a simple yet effective precaution that increases both safety and 

comfort, making it a must-have piece of equipment for all motorcyclists [4]. 

2 Literature Summary 

Generally, wearing a helmet is not a strict rule to use two-wheeler vehicle so everyone 

gets neglected to wear. When the innovation made to start a bike, if and only if the 

rider wears a helmet, make the rider to wear helmet to start the vehicle. Thereby 

researchers started their own innovation to wear helmet and only then the vehicle 
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starts operating. 

Jadhawar et al. proposed a Smart Helmet Safety System using the Atmega 32 

Microcontroller technology. Although it is cost-effective, there is limited functionality 

[5].   

Pathak , P. developed an IoT-based smart helmet with a motorcycle unit for enhanced safety, 

which includes a real-time monitoring system. However, it is dependent on the 

Internet [6]. Rajput et al. developed the Smart Helmet with Rider Safety System, 

which included alcohol detection and accident prevention. Although the integration 

has many features, it is difficult to build [7]. Kolapkar et al. presented a Smart Helmet 

for Bike Riders using IoT and sensor-based techniques. Although it has a portable 

design, it is just intended for testing [8]. Subbarayappa et al. developed a smart helmet 

system with accident safety gears and a bike tracking mechanism based on non-IoT 

approaches that do not require an internet connection. But it has a limited scope [9]. 

Riya et al. designed a smart helmet that uses image processing and sensors to ensure 

bike riders.Although it is robust for detection, it has a significant computational cost 

[10]. Magno et al. formulated an intelligent self-sustaining multi-sensors smart helmet 

for bikers that uses several sensors and a self-sustaining system to identify the helmet 

accurately. However, it is confined to certain conditions [11]. Inthiyaz et al. created an 

IoT-enabled smart rider safety system that includes better safety and accident 

detection. However, it is costly, technology-dependent, with limited battery life and 

data privacy [12]. Ali et al. developed a method for detecting helmets using image 

processing. However, low image quality and lighting circumstances, even with 

automatic helmet detection, increase safety responsibilities [13]. 

Dharani et al. formulated Smart Helmet System, which comprises of different sensors to 

detect alcohol and to avoid deaths during the accidents [14]. Chang demonstrated an 

Intelligent Riding Helmet System, which improves rider safety through smart design 

and integrated technology. However, the system has limited adaptability and faces 

real-world implementation challenges [15]. Magno et al. demonstrated Shelmet, an 

intelligent, self-sustaining multi-sensor helmet for bikers. This method detects 

accurately but is limited to specific environmental conditions, limiting its general use 

[16]. 

Table 1.Working flow of exposed work 

S. No. Pros Cons 

1 Cost-effective Limited functionality 

2 Real-time monitoring Internet dependency 

3 Multi-feature integration Complexity in implementation 

4 Portable design Limited testing details 

5 No internet dependency Limited scope 
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6 Real-time tracking Internet dependency 

7 Robust detection High computational cost 

8 Safety-enhancing features Internet dependency 

9 Accurate helmet detection Limited to specific conditions 

The above table shows the benefits and drawbacks of a system, with a focus on 

elements like affordability, real-time monitoring, mobility, multi-feature integration, 

and safety. Internet dependence, restricted functionality, complexity, high processing 

costs, and limited breadth are some of the problems, though. Even with precise 

detection and energy efficiency, there are still significant upfront expenses and 

condition-specific restrictions. 

3  Design & Development 

Based on the past authors work making consideration of the limitations and 

improvements that are required for effective design and implementation of work 

called "AI- Powered System for Helmet Detection with Image classification". 

3.1 Design Methodology 

 We wish to design an "AI- Powered System for Helmet Detection with Image classi-

fication" keeping the following scenarios in mind: 

Scenario 1: The bike rider inserted the key in key chamber to start the vehicle. 

Although he is not wearing a helmet. In this scenario, 

i. Red LED will be flashed until the rider wears a helmet. 

 ii. Buzzer will play a sound for 10 seconds. 

iii. Ignition system comes to inactive state and bike does not start. 

Scenario 2: The bike rider inserted the key in key chamber to start the vehicle. How-

ever, he is wearing a helmet. In this scenario, 

i. Green LED will be flashed for 10 seconds. 

ii. Ignition system comes to active state and bike start. 

The discussed scenarios are shown below using a flowchart as follows, 

Whenever, the bike rider inserts the key into the key chamber ESP 32 camera module 

starts capturing the image of rider and detect whether person wore helmet or not using 

Image classification. If the person does not wear helmet, then red LED glows and 

sounds buzzer for 10 seconds and Speed is limited to 60 Kmph and if it exceeds the 

speed limit, Ignition system comes to inactive state indicating that do not exceed 

speed limit as rider not wear a helmet and if and only if speed within limit person can 
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ride bike without helmet providing safety to the rider. Similarly, if the person wore 

helmet, then green LED glows for 10 seconds of time and Ignition system comes to 

active state, indicating that safe and can start the bike. This process repeats i.e., 

capturing the image of person appropriately responding to the situation to provide 

safety and to avoid accidents until the person remove key from the key chamber as 

shownFig 4. 

 
 

Fig. 4. Flowchart of our system 

This is about the working flow of our system design for providing roadsafety. 

3.2 Development   

  The device of our work involved integration of various hardware and software com-

ponents required for realization of the design methodology.  
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3.2.1    Hardware Components  

The hardware components that are required for interfacing the system are as follows: 

1. ESP 32 Camera Module: ESP 32 Camera Module is a wi-fi enabled module 

promotes wireless communication for IoT and real time applications at compensated 

cost from Fig 5 (i). It is used for capturing the image of bike rider to verify whether he 

wore a helmet or not. 

2. LED: A Light Emitting Diode which emits light as photons whenever current 

pass through it. Because of its low power consumption, colour intensity, switching 

speed and long-life span used for various electronic devices from Fig 5(ii). It is used 

for alerting the rider if not wore helmet. 

3. Buzzer: Buzzer is an electronic component which produces buzzing sound 

when current flows through it from Fig 5 (iii). It is used for warning the rider if he 

wore a helmet or not for 10 seconds. 

4. Relay Module: Relay Module is an electronic component which acts as a 

switch and limits the current flow for automotive systems because of its high switch-

ing speed and response time from Fig 5 (iv). It is used for controlling the bike Ignition 

system based the rider whether he wore helmet or not. 

. 

 
 

 

 

i)   ESP32 Cam module              (ii) LED                (iii)    Buzzer  (iv) Relay module 

Fig 5. Hardware components 

These are the hardware components required to connect and to obtain the 

development of device. 

3.2.2 Tools Used 

The software components that are required for interfacing the system are as follows: 

1. Arduino IDE: Arduino IDE is an open-source platform known for real time data 
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monitoring and extensive library for various sensors and Cam module and supports 

hardware integration with C/C++. It is used for providing connection between the 

hardware components with real time monitoring whether person wore helmet or not. 

2. Image Classification: An Image classification is computer vision technique which 

segregates the images based on the similarities or the features given from the input 

data. It is useful for recognizing the rider whether helmet wore or not using 

Convolutional Neural Network (CNN) model. 

 3.Edge Impulse: An Edge Impulse is a software tool for creating and exporting 

images captured by ESP 32 Cam module. It is used for training the CNN model for 

detection of bike rider whether he wore helmet or not. 

By interfacing the required hardware and software components for the system, we can 

develop the system for helmet   detection to avoid accidents and ensure safety.  

The following block diagram specifies the best way to describe our work as shown 

Fig 6, 

 

 

 

 

 
 

Fig 6. Block diagram of our work 
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An ESP 32 Camera Module captures the image of bike rider and using image 

classification, it detects whether he wore helmet or not accordingly controls the 

ignition system that is connected to the relay with the speed limit 60Kmph. If person 

wore helmet, Green LED illuminates for 10 seconds and active the ignition system via 

the relay. else Red LED illuminates and buzzes sound for 10 seconds and even the 

rider not wear helmet then, with speed limit 60Kmph rider can use for driving if it 

exceeds eventually system comes to off inactive eventually ignition system becomes 

inactive, and bike do not start until the person speed limit to 60Kmph when he do not 

wear helmet as shown block diagram Fig6. 

Table 2: Working flow of our proposed work 

Scenario    Condition Green LED   

Status 

Red LED 

Status 

Buzzer 

Status 
  1 Rider wore helmet Glow for 10   

seconds 

          -         - 

  2 Rider not wore 

helmet 

      - Glow until 

wear helmet 

Buzzes 

sound for

10 sec-

onds 

The working flow of our design is to detect the helmet and appropriately providing 

the alert to the rider. There will be two cases i.e., to checking whether rider wore 

helmet if so, provides green LED to glow for 10 seconds and providing the rider that 

safe to start bike. Otherwise, alerts the rider by glowing red LED until rider wear 

helmet and alarms a sound through buzzer for 10 seconds, specifying that it is not safe 

to ride – do wear helmet to go for a ride on bike from table 2. 

4 Results & Discussion 

The following results shown below represents our work "AI-Powered System for Helmet 

Detection with Image Classification" and achieved the results for helmet detection. 

The results of our proposed work is shown as,     
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Fig 7 (i) Scenario 1: When rider not wore helmet 

 
 

Fig 7 (ii) Scenario 2: When rider not wear helmet 
 

 
 

Fig 7 (iii) Helmet detection by Cam module 
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When the rider wore helmet, the AI Powered Safety System for Helmet detection with 

Image Classification alerts the rider with Red LED and buzzer indicating that please 

wear helmet and can ride with limited speed otherwise relay comes to off as shown 

Fig 7 (i) Scenario 1. Similarly, when the rider wear helmet it alerts the rider with 

Green LED and making the system to safe to ride as shown Fig 7 (ii) Scenario 2. The 

image capturing helmet detection i.e., with the use of Image classification through 

ESP 32 Cam Module as shown in Fig 7 (iii). 

The obtained results of our formulated work is truly satisfying and the results found 

outstanding as it is accurate to detect helmet and provides the safety to the rider, to 

avoid deaths and to reduce mortality rate. We are delighted to thank our guide 

Dr.A.Subramanyam and Dr.A.Murali who provided their valuable insights to obtain 

the effective results and finally to our beloved team mates of our work to complete it 

as early with their tremendous efforts and accurate results. 

5 Conclusion 

 AI powered safety system for helmet detection with image classification has been 

developed using ESP32 cam module and edge impulse. The Ai based image 

classification results shown acceptable performance in helmet detection effectively 

and accordingly the LED and buzzer activation occurred promisingly, to alert the 

rider. The carried out work is useful for road safety applications to avoid accidental 

causalities. Simple and low cost implementation are the positive aspects In this work. 

The same work may be extended to support SMS alert system upon accidents, letting 

near and dear or linked hospitals for quick response. 
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