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ABSTRACT 

This project is a solution designed to address the critical issue of driver drowsiness and enhance road safety. The 

system leverages the power of the Internet of Things (IoT) to continuously monitor driver alertness and promptly 

detect potential accidents.  It comprises a network of sensors strategically placed within the vehicle, including facial 

recognition cameras and accelerometers. These sensors work together to capture and analyze a driver's 

physiological and behavioural data in real-time. Facial recognition technology detects signs of drowsiness such as 

drooping eyelids and yawning. Through a secure IoT connection, this data is transmitted to a central processing 

unit within the vehicle.  

Advanced algorithms process this information, assessing the driver's state of alertness. In the event of detected 

drowsiness, the system initiates a series of proactive interventions, such as sounding alarms, vibrating the driver's 

seat, or even communicating with an external monitoring centre for further assistance. Moreover, the system's crash 

detection capabilities are enabled by the accelerometers, which monitor sudden changes in the vehicle's motion. If 

a collision or accident is detected, the system promptly sends an alert, including the vehicle's GPS coordinates, to 

emergency services or designated contacts, facilitating rapid response and potentially saving lives.  
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INTRODUCTION  

          In an age where technological advancements permeate every facet of our lives, the realm of road safety stands 

as a critical arena for innovation. With an unwavering commitment to mitigate the devastating consequences of 

drowsy driving and vehicular crashes, we present a pioneering project: the IoT-based Drowsiness Monitoring and 

Crash Detection System. 

Road safety is a paramount concern globally, with statistics underscoring the dire repercussions of driver fatigue 

and accidents. The advent of the Internet of Things (IoT) has opened avenues for transformative solutions, and our 

project harnesses this potential to safeguard lives on the move. At its core, this endeavor seeks to integrate cutting-

edge technologies with real-time monitoring capabilities to preemptively detect drowsiness in drivers and swiftly 

respond to potential crash scenarios. The foundation of our system lies in its ability to seamlessly integrate IoT 

devices into vehicles, thereby creating a networked ecosystem that constantly gathers and analyzes data pertaining 

to driver behaviour and vehicle dynamics. Through a sophisticated array of sensors, including but not limited to 

facial recognition, eye tracking, and accelerometer technology, our system can accurately assess driver alertness 

levels and identify instances of drowsiness with unparalleled precision.  
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Furthermore, the implementation of machine learning algorithms empowers our system to discern patterns 

indicative of fatigue, thus enabling proactive interventions to avert potential accidents. By employing a combination 

of auditory and visual alerts, coupled with haptic feedback mechanisms, our system not only notifies drivers of their 

compromised state but also stimulates prompt corrective actions to mitigate risks. Crucially, our project extends 

beyond mere drowsiness detection to encompass crash anticipation and prevention. Leveraging IoT connectivity, 

our system can swiftly relay critical information to emergency services in the event of an impending collision, 

thereby expediting response times and minimizing the severity of accidents. Moreover, by leveraging cloud-based 

analytics, our system can extrapolate insights from historical data to refine its predictive capabilities continuously.  

In essence, this project represents a paradigm shift in the realm of road safety. By synergizing state-of-the-art 

technologies with a steadfast commitment to saving lives, this project heralds a future where accidents stemming 

from driver fatigue become relics of the past. As we embark on this journey towards enhanced road safety, we invite 

stakeholders from across domains to join hands in realizing this vision of a safer, more secure transportation 

landscape.  

 

LITERATURE REVIEW 

        In recent years, the integration of Internet of Things (IoT) technologies in various domains has shown 

promising potential for enhancing safety measures, particularly in transportation. One such application is the 

development of drowsiness monitoring and crash detection systems aimed at reducing road accidents. This literature 

review provides an overview of existing research and advancements in IoT-based solutions for drowsiness 

monitoring and crash detection, focusing on their contributions to enhancing road safety. 

IoT-Based Drowsiness Monitoring Systems: 

Drowsiness is a critical factor contributing to road accidents, especially among drivers undertaking long journeys 

or operating vehicles during late hours. Several studies have proposed IoT-based drowsiness monitoring systems 

employing various sensors and data processing techniques. For instance, Wang et al. (2019) introduced a system 

utilizing a combination of physiological sensors, such as electroencephalogram (EEG) and electrocardiogram 

(ECG), to detect driver drowsiness accurately. Additionally, Li et al. (2020) proposed a smartphone-based IoT 

solution that monitors driver behavior through analysis of facial expressions and eye movements using image 

processing algorithms. These systems demonstrate the feasibility of IoT in real-time drowsiness detection, 

providing timely alerts to drivers and authorities to prevent potential accidents. 

Crash Detection Systems: 

In parallel, researchers have also focused on developing IoT-based crash detection systems capable of promptly 

identifying and reporting accidents. Traditional methods often rely on manual intervention or stationary sensors, 

leading to delays in emergency response. However, IoT-enabled solutions offer real-time monitoring and automatic 

alert generation. For example, Zhang et al. (2018) proposed a vehicular network-based crash detection system 

leveraging onboard sensors and communication modules to detect collisions accurately. Furthermore, Liang et al. 

(2021) introduced a smart helmet integrated with IoT sensors capable of detecting accidents involving vulnerable 

road users such as cyclists and motorcyclists. These systems underline the potential of IoT in augmenting road 

safety by enabling swift emergency responses and minimizing the severity of accidents. 

Integration and Future Directions: 

While significant progress has been made in individual components of drowsiness monitoring and crash detection 

systems, there remains a need for integration and optimization to develop comprehensive IoT solutions for road 
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safety. Integrating drowsiness monitoring with crash detection can provide a holistic approach towards accident 

prevention, where preemptive alerts can be triggered based on driver fatigue levels. Furthermore, advancements in 

artificial intelligence and machine learning techniques can enhance the accuracy and reliability of IoT-based 

systems by enabling predictive analytics and anomaly detection. Future research should also consider the scalability 

and interoperability of these systems to facilitate widespread adoption and integration with existing transportation 

infrastructure. 

 

METHODOLOGY  

          The development of our IoT-based drowsiness monitoring and crash detection system incorporates a diverse 

array of integrated components, each playing a crucial role in ensuring comprehensive driver safety. Central to our 

system architecture is the utilization of Raspberry Pi as the core processing unit, which orchestrates the 

functionalities of various sensors, alert systems, engine control mechanisms, and communication interfaces. This 

integration allows for a seamless interaction between hardware and software elements, enabling real-time 

monitoring and responsive actions to mitigate potential risks on the road. 

To effectively monitor driver alertness and detect signs of drowsiness, our system implements advanced techniques 

such as facial recognition and accelerometer-based analysis. By continuously analyzing facial features and 

monitoring subtle changes in head movements and posture through the accelerometer, our system can accurately 

assess the driver's level of attentiveness in real-time. This proactive approach empowers the system to detect early 

signs of fatigue and intervene before it escalates into a safety hazard. 

In the event of detecting drowsiness indicators, our system swiftly deploys alert mechanisms to notify the driver 

and prevent potential accidents. This includes the activation of audible alarms such as a buzzer and tactile feedback 

mechanisms like a vibration motor integrated into the driver's seat. These alerts serve as immediate warnings to the 

driver, prompting them to take corrective actions or pull over for rest, thus ensuring their safety and that of others 

on the road. 

Moreover, our system is equipped with an emergency response strategy designed to handle critical situations such 

as accidents. Upon crash detection, the system initiates an automatic alert mechanism that includes sending precise 

GPS location data to an Android app. This feature enables swift communication with designated emergency 

contacts, facilitating prompt assistance and medical intervention if necessary. By leveraging technology for rapid 

communication and coordination, our system aims to minimize response times and mitigate the impact of accidents 

on road safety. 

Throughout the development process, we have placed a strong emphasis on rigorous testing, iterative refinement, 

and stringent security protocols to ensure the reliability and acceptance of our system in automotive safety 

applications. Our testing procedures involve simulated scenarios and real-world trials to validate the performance 

and robustness of the system under various conditions. Additionally, we have implemented encryption protocols 

and access controls to safeguard sensitive data and prevent unauthorized access, thereby enhancing the trust and 

adoption of our system among users and stakeholders. 
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SYSTEM ARCHITECTURE  

 

1) BLOCK DIAGRAM  

 

Figure 1. Block diagram of the proposed system 

          Our IoT-based drowsiness monitoring and crash detection system is built upon a robust hardware architecture 

comprising a variety of essential components meticulously integrated to enhance road safety. At the heart of our 

system lies the Raspberry Pi, a versatile microcomputer that serves as the central processing unit orchestrating the 

functionalities of the entire system. Paired with the Pi Camera module, it enables advanced facial recognition 

capabilities, allowing for real-time monitoring of driver alertness. The inclusion of a tilt sensor further enhances 

our system's ability to detect driver drowsiness by monitoring subtle changes in head movements and posture. In 

the event of detecting signs of fatigue, a vibration motor integrated into the driver's seat provides tactile feedback, 

alerting the driver to take immediate corrective action. Additionally, we have incorporated a hit button and an 

engine button for manual activation of emergency alerts and system control, respectively. To facilitate 

communication and data exchange, we utilize a Bluetooth module HC-05, enabling seamless connectivity with 

external devices such as smartphones. In critical situations such as accidents, a buzzer emits audible alerts, while 

an LED indication provides visual feedback to the driver and nearby vehicles. The entire system is powered by a 

reliable power supply, ensuring uninterrupted operation. Moreover, our system features an Android app that 

receives real-time alerts and GPS location data, enabling swift communication with designated emergency contacts 

for timely assistance. This comprehensive integration of hardware components underscores our commitment to 

leveraging IoT technology to enhance road safety through proactive drowsiness monitoring and crash detection. 
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2) SOFTWARE REQUIREMENTS  

          The software requirements of this project includes IDLE, DipTrace and VNC Viewer. IDLE orchestrates 

the intelligent analysis of driver behavior, DipTrace facilitates precise hardware design for sensor integration, and 

VNC Viewer ensures seamless remote access for monitoring and management. The detailed analysis about all 

these three software requirements are as follows:  

1. Idle: Idle (Integrated Development and Learning Environment) is a user-friendly, cross-platform Integrated 

Development Environment (IDE) that is included with the standard Python distribution. It provides a simple and 

intuitive interface for writing, testing, and debugging Python code. It is a lightweight and portable IDE that can 

be used on Windows, macOS, and Linux operating systems, making it a versatile tool for Python development. 

2. DipTrace: DipTrace is a comprehensive electronic design automation software tailored for creating schematics, 

printed circuit boards (PCBs), and accompanying layouts. It offers a user-friendly interface coupled with powerful 

features, making it a preferred choice for engineers and designers in the electronics industry. This software is used 

in this project because of its versatility and flexibility in designing complex circuit layouts. It offers a wide range 

of tools and features that facilitate the creation of intricate PCB designs, ensuring optimal placement and routing 

of components. This is essential for achieving compact and efficient hardware configurations, which is crucial in 

automotive applications where space is often limited.  

3. VNC Viewer: It offers invaluable capabilities for remote access and management. Developed by RealVNC, 

VNC Viewer is a versatile software application that enables users to remotely control and interact with computing 

devices over a network connection. Its utility in our project is multifaceted, primarily serving two critical 

purposes: facilitating remote monitoring of the system's operation and providing a means for real-time 

intervention and management.  

It grants stakeholders, including administrators, supervisors, and emergency responders, the ability to remotely 

monitor the system's performance and status. Through a secure connection established over the Internet or local 

network, users can access the graphical user interface (GUI) of our drowsiness monitoring and crash detection 

system from virtually anywhere, regardless of geographical constraints. This remote visibility empowers 

stakeholders to stay informed about the system's functionality, ensuring prompt awareness of any anomalies or 

issues that may arise during operation.  

4. Smart App: Smart app utilizes Bluetooth technology to provide an innovative solution for sending location and 

danger signals in the event of a car crash. Designed to work in conjunction with a Bluetooth module installed in 

the vehicle, the app continuously monitors the vehicle's status and movement. When a sudden impact or drastic 

change in motion is detected, indicating a potential crash, the app instantly triggers an emergency alert. This alert 

includes the vehicle's GPS coordinates, which are transmitted via Bluetooth to nearby compatible devices, such 

as smartphones or emergency response systems. The app can also be configured to automatically contact 

emergency services, ensuring a timely and effective response to the incident. By leveraging Bluetooth 

connectivity and intelligent crash detection algorithms, this smart app enhances driver safety and can potentially 

save lives by enabling quick notification and localization of accidents. The seamless integration of mobile 

technology and Bluetooth-based data sharing makes this a valuable tool for improving road safety and emergency 

response capabilities. 

 

3) ALGORITHM  

1. Import necessary libraries: cv2, numpy, Picamera2, time, RPi.GPIO, threading, and serial. 

2. Initialize the serial communication for sending emergency signals. 

3. Configure the Picamera2 for previewing and start it. 

4. Define GPIO pin mappings for better readability. 

5. Initialize flags for various states. 

6. Define the main() function: 
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• Initialize GPIO pins. 

• Start monitoring threads for buffering and detection. 

• Blink LED for visual indication. 

7. Define the buffering() function: 

• Continuously monitor switches, hits, and vibrations. 

• Start or stop the engine based on switch status. 

• Send emergency signals on hit events. 

• Stop vibrations when detected. 

8. Define functions to start and stop the engine, and send emergency signals. 

9. Load pre-trained Haar Cascade classifiers for face and eyes detection. 

10. Define the detect() function: 

• Continuously capture images from the camera. 

• Convert images to grayscale and detect faces. 

• For each detected face, detect eyes and check for drowsiness. 

• Display the captured image and exit if 'q' is pressed. 

11. Define the alert_driver() function to alert the driver in case of drowsiness. 

12. Run the main() function if the script is executed directly. 

 

CIRCUIT DESIGN  

            Circuit diagram describes the architecture of the proposed Driver drowsiness detection system. This system 

consists of Raspberry pi microcontroller, power supply, camera, buzzer, speaker, motor driver IC, push buttons, 

12v 100RPM motor, HC05 Bluetooth module, comparator IC, accelerometer and LED indications. The core part 

of our circuit is Raspberry pi is a computer. It has USB ports for connecting a keyboard and mouse. It has 40 

controlling pins. The GPIO is a generic pin on a chip whose behaviour can be controlled by the user at run time. 

The GPIO connector has a number of different types of connections. The push buttons, buzzer and LED indications 

are connected to those GPIO pins. USB camera is connected to the USB port. It is used to capture new frames. The 

speaker is connected to the audio jack. The motor driver IC is connected to GPIO pins of raspberry pi and motor 

are connected to the driver IC. The comparator IC is connected to GPIO pins of raspberry pi and accelerometer is 

connected to the comparator IC. The Bluetooth module is connected to the TXD and RXD pins of Raspberry Pi. 

The power supply section consists of mainly a bridge rectifier. The output of the bridge rectifier is not the pure 

pulsating DC. So we want to obtain pure DC output, we filter the signal using RC filter. It is the combination of 

resistors and capacitors. The filtered output is pure DC. The 12v DC is divided using a voltage regulator in to 5v 

DC. That 5V DC output is fed to the Raspberry pi microcontroller. The circuit diagram of the proposed system is 

as shown below:  
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Figure 2. Circuit diagram of the proposed system 

 

WORKING & IMPLEMENTATION  

           An IoT-based drowsiness monitoring and crash detection system is a sophisticated solution designed to 

enhance road safety by leveraging the capabilities of the Internet of Things (IoT) technology. The system primarily 

focuses on preventing accidents caused by driver drowsiness and promptly detecting and responding to crashes. 

The detailed working of such a system involves several key components and processes.  

The system is powered by a Raspberry Pi and employs an array of sensors, alert systems, engine control modules, 

and communication interfaces. Real-time monitoring techniques, including facial recognition and accelerometer 

analysis, are utilized to detect signs of drowsiness and monitor driver alertness. In the event of detected drowsiness, 

the system deploys alert mechanisms like a buzzer and vibration motor to promptly warn the driver. Moreover, it 

implements an emergency response strategy by sending immediate alerts, including GPS location, to an Android 

app, facilitating swift communication with designated emergency contacts in case of accidents. The system places 

a strong emphasis on rigorous testing, iterative refinement, and stringent security protocols to ensure its reliability 

and acceptance in automotive safety applications.  

In the event of a crash, the system's crash detection mechanisms come into play. Accelerometers and impact sensors 

identify abrupt changes in the vehicle's motion, indicative of a collision. Once a crash is detected, the system triggers 

immediate responses, such as automatically notifying emergency services with the vehicle's location and relevant 

information. This rapid response can significantly reduce emergency response times, potentially saving lives. The 

entire system is interconnected through IoT protocols, allowing seamless communication between the vehicle's 

onboard components and external servers or devices. Real-time monitoring and data analysis ensure that the system 
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can react swiftly to evolving situations, contributing to a safer driving experience. Regular software updates and 

improvements based on machine learning algorithms further enhance the system's accuracy and effectiveness over 

time.   

 

Fig 3. Hardware setup of the prototype  

 

 

Fig 4. Working of the prototype  

             The implementation of this project involves integrating various hardware components and software 

modules to create a comprehensive system aimed at enhancing driver safety. The hardware setup typically includes 

a Raspberry Pi microcontroller, a camera module, and tilt sensor as well as actuators like buzzers and motors. These 

components are interconnected and interfaced with the Raspberry Pi using GPIO pins, enabling the system to 

interact with the environment. The software aspect of the project encompasses several key functionalities. Firstly, 

computer vision algorithms are employed for drowsiness monitoring. The system continuously captures images of 
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the driver's face using the camera and analyzes them to detect signs of drowsiness, such as drooping eyelids or 

yawning. This is achieved through techniques like Haar Cascade classifiers for face and eye detection, allowing the 

system to alert the driver if signs of fatigue are detected. Secondly, crash detection algorithms are implemented to 

enhance safety in case of accidents. Sensors such as accelerometers and gyroscopes are utilized to monitor the 

vehicle's motion and detect sudden changes indicative of a crash or collision. Upon detecting such events, the system 

triggers immediate responses, such as sending emergency alerts to predefined contacts or activating safety 

mechanisms like airbags.  

 

Fig 5. Implementation of the prototype using VNC Viewer 

The system also incorporates real-time data processing and decision-making capabilities. Data are continuously 

monitored and analyzed, with predefined thresholds and rules governing system behaviour. For instance, if the 

system detects prolonged periods of inactivity from the driver combined with erratic vehicle movements, it may 

infer a high likelihood of drowsiness or impairment, prompting intervention measures such as audible alerts or 

automatic vehicle slowdown. Moreover, the project emphasizes connectivity and remote monitoring capabilities 

through IoT technologies. The Raspberry Pi serves as the central hub, capable of transmitting data to cloud 

platforms or mobile applications for remote monitoring by authorized stakeholders, such as fleet managers or family 

members. This enables real-time monitoring of driver behaviour and vehicle status, facilitating timely interventions 

and assistance when needed. Additionally, the system prioritizes robustness and reliability to ensure effective 

operation in diverse driving conditions. Extensive testing and validation procedures are conducted to verify the 

system's performance under various scenarios, including different lighting conditions, driver characteristics, and 

environmental factors. Moreover, measures are implemented to mitigate potential failure points and ensure 

continuous operation, such as redundant sensor configurations and fail-safe mechanisms. 

FUTURE SCOPE  

            The future scope of an IoT-based drowsiness monitoring and crash detection system holds tremendous 

potential as technological advancements continue to shape the automotive industry and road safety landscape. One 

prominent avenue for development lies in the refinement of existing sensor technologies. Ongoing improvements 

in facial recognition algorithms, steering wheel sensors, and physiological monitoring devices could enhance the 

accuracy and reliability of drowsiness detection, ensuring more precise identification of fatigue-related symptoms.  
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Integration with emerging technologies like artificial intelligence (AI) and machine learning presents another 

exciting opportunity. By continuously learning from data patterns and driver behaviours, these systems could adapt 

and personalize alerts, making them more effective and less prone to false positives. This adaptive capability could 

contribute to a more nuanced understanding of individual drivers' habits and response mechanisms, further 

improving the system's overall performance. The future may also see increased connectivity between vehicles and 

infrastructure, creating a networked ecosystem for enhanced road safety. Collaborative efforts between vehicles 

equipped with drowsiness monitoring and crash detection systems could lead to collective awareness and pre-

emptive actions, such as cooperative collision avoidance maneuvers or warnings shared among nearby vehicles. 

This interconnected approach has the potential to create a more comprehensive safety net on roadways.  

Moreover, the integration of these systems with autonomous driving technologies is a noteworthy frontier. As self-

driving vehicles become more prevalent, the combination of autonomous features and advanced safety systems can 

create synergies that significantly reduce the likelihood of accidents. For instance, a drowsiness monitoring system 

could seamlessly transfer control to the autonomous mode when it detects a fatigued driver, ensuring a safer 

transition until the driver is alert again. The future also holds promise for the development of innovative user 

interfaces and feedback mechanisms. Augmented reality displays, haptic feedback systems, and voice-activated 

alerts could provide more intuitive and non-intrusive ways to communicate with drivers. This evolution in user 

interfaces aims to enhance the user experience and increase the overall effectiveness of the drowsiness monitoring 

and crash detection system.  

 

CONCLUSION  

             The IoT-based drowsiness monitoring and crash detection system represents a groundbreaking project with 

immense potential to significantly enhance road safety. By leveraging the power of Internet of Things (IoT) 

technology, this system addresses critical issues such as driver drowsiness and rapid response to crashes, aiming to 

reduce the frequency and severity of road accidents. Through the integration of facial recognition cameras, steering 

wheel sensors, accelerometers, and heart rate monitors, the system provides a comprehensive approach to 

monitoring driver behaviour and physiological indicators in real-time. The algorithms employed for data analysis 

enable precise and timely detection of drowsiness, allowing the system to issue alerts to drivers and their contacts, 

thereby mitigating the risk of accidents caused by impaired alertness.  

The crash detection mechanisms embedded in the system, utilizing accelerometers and impact sensors, offer an 

additional layer of protection. In the unfortunate event of a collision, the system's swift response in notifying 

emergency services with accurate location data can potentially save crucial minutes, improving the chances of 

survival and reducing the severity of injuries. The interconnected nature of the system, facilitated by IoT protocols, 

ensures seamless communication between onboard components and external servers or devices. This 

interconnectedness not only enables real-time monitoring and analysis but also allows for continuous improvements 

through software updates and machine learning algorithms, making the system adaptive and responsive to evolving 

road safety needs.  

As a holistic solution for road safety, the IoT-based drowsiness monitoring and crash detection system holds 

promise in making substantial contributions to mitigating the human and economic costs associated with traffic 

accidents. By prioritizing prevention through advanced technology, this project marks a significant step towards 

fostering safer driving environments and ultimately saving lives on the road. 
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