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Abstract 

Road accidents caused by driver fatigue, distraction, impaired driving, and delayed emergency response continue to be a 

major challenge in intelligent transportation systems. This paper presents an AI-Based Intelligent Driver Monitoring and 

Accident Prevention System Using Multi-Sensor Fusion, which integrates computer vision, embedded systems, and IoT 

technologies to improve vehicle safety through continuous driver monitoring. The proposed system employs a camera-based 

facial analysis algorithm to detect driver fatigue by analyzing eye movement and facial behavior in real time. A multi-sensor 

framework incorporating an MQ-3 alcohol sensor, MPU6050 motion sensor, and MAX30102 health monitoring sensor 

continuously evaluates the driver's physical condition and vehicle status. Sensor data are processed using a Raspberry Pi to 

identify unsafe conditions and execute immediate safety actions such as activating warning alarms, restricting vehicle 

operation, and initiating emergency response procedures. A GSM communication module transmits alert messages with 

location information to emergency contacts, while cloud connectivity enables remote monitoring and data logging. 

Experimental evaluation demonstrates that the integrated multi-sensor approach improves detection reliability, minimizes 

response time, and enhances overall road safety. The proposed system provides a scalable, low-cost, and intelligent 

framework suitable for next-generation smart vehicles and advanced driver assistance systems. 
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1. Introduction  

Road traffic accidents remain one of the leading causes of fatalities worldwide, with a significant percentage 

resulting from driver fatigue, distraction, alcohol impairment, and sudden medical emergencies. Conventional 

vehicle safety technologies such as airbags, seat belts, and anti-lock braking systems primarily reduce the 

severity of accidents after they occur but offer limited capability to prevent accidents before they happen. This 

has increased the demand for intelligent driver monitoring systems capable of continuously assessing driver 

behavior and initiating timely preventive actions. Recent advancements in Artificial Intelligence (AI), computer 

vision, embedded systems, and the Internet of Things (IoT) have enabled the development of advanced driver 

assistance technologies that improve road safety. AI-based vision algorithms can monitor facial expressions, eye 

movements, and head posture in real time to identify early signs of fatigue and distraction. At the same time, 

embedded sensors can monitor vehicle motion, alcohol levels, and physiological conditions to provide 

comprehensive driver safety monitoring. This paper presents an AI-Based Intelligent Driver Monitoring and 

Accident Prevention System Using Multi-Sensor Fusion, which integrates computer vision with multiple 

sensors to detect unsafe driving conditions. The proposed system combines camera-based driver monitoring 

with alcohol detection, vehicle motion analysis, and health monitoring to improve detection accuracy and 

reliability. A Raspberry Pi serves as the central processing unit, analyzing sensor data and executing safety 

actions such as warning generation, emergency notification, and vehicle protection mechanisms. The proposed 

framework offers a low-cost, scalable, and real-time solution suitable for intelligent transportation systems and 

next-generation smart vehicles. Experimental evaluation demonstrates that integrating AI with multi-sensor 

fusion enhances driver safety, minimizes response time, and contributes to reducing road accidents through 

proactive intervention. 

 

2. Related Work 

The rapid growth of Artificial Intelligence (AI), Computer Vision, Embedded Systems, and Internet of Things 

(IoT) technologies has significantly improved intelligent transportation systems. Researchers have proposed 

various techniques to detect driver fatigue, distraction, alcohol consumption, medical emergencies, and accident 

conditions. Most existing systems employ either vision-based monitoring or sensor-based approaches, while 

only a few integrate multiple safety features into a unified platform. A review of recent literature is presented 

below. 
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J. Kim et al. (2025) proposed an AI-integrated autonomous driver monitoring framework combining facial 

landmark detection with adaptive vehicle control mechanisms for proactive road safety enhancement.. In 

addition to visual fatigue indicators, the framework incorporated adaptive threshold optimization techniques to 

dynamically adjust detection sensitivity under varying driving conditions. These limitations highlight the need 

for computationally efficient and lightweight alternatives capable of achieving similar intervention capability 

with reduced processing overhead, as proposed in the present system.[1]  L. Zhang et al. (2025) introduced a 

transformer-based driver attention recognition architecture designed to capture long-range temporal 

dependencies in facial movement patterns and micro-expressions associated with cognitive fatigue. The 

proposed framework was trained on large-scale annotated driver behavior datasets, incorporating data 

augmentation strategies to improve robustness against head pose variations and partial occlusion[2]. A. Kumar 

and P. Sharma (2024) developed a hybrid CNN-LSTM model for fatigue detection using sequential eye and 

mouth state analysis. The architecture combined spatial feature extraction with temporal sequence modeling to 

improve classification reliability. However, extensive training requirements, dependency on labeled datasets, 

and higher processing latency restricted scalability for real-time edge deployment in compact automotive 

systems.[3] 

 

R. Mehra and S. Kulkarni (2024) implemented a Raspberry Pi-based fatigue detection system using OpenCV 

facial landmark detection and blink frequency monitoring. The proposed framework extends such embedded 

implementations by incorporating autonomous motor control simulation to enable proactive safety 

intervention.[4].  S. Lee et al. (2024) presented an intelligent in-cabin driver monitoring system integrating 

infrared imaging sensors with deep neural network architectures to enhance fatigue detection accuracy under 

low-light and nighttime driving conditions.These limitations emphasize the necessity of developing 

computationally optimized software-based solutions that minimize hardware dependency while maintaining 

reliable performance.[5]. H. Singh et al. (2023) proposed a deep learning-based driver inattention detection 

system utilizing a hybrid Convolutional Neural Network (CNN) and Long Short-Term Memory (LSTM) 

architecture for temporal fatigue modeling. The model also incorporated dropout regularization and batch 

normalization techniques to enhance training stability. These factors limit the feasibility of such architectures for 

compact automotive embedded platforms where power efficiency and real-time processing are critical.[6] 

 

M. Torres et al. (2023) introduced a multimodal driver monitoring framework combining computer vision-based 

facial expression analysis with steering behavior tracking sensors to improve fatigue detection reliability. This 

multimodal strategy enhanced contextual understanding of driver alertness and reduced false-positive rates 

associated with single-sensor systems.[7].  Y. Chen et al. (2023) developed an edge-computing-based vehicle 

safety platform where driver monitoring algorithms were deployed directly on embedded processors within the 

vehicle architecture. The proposed architecture optimized computational pipelines to balance detection accuracy 

with limited hardware resources. Experimental analysis demonstrated improved response time and reduced 

network bandwidth utilization.[8]. M. S. Hossain et al. (2022) proposed an IoT-enabled intelligent vehicle safety 

framework integrating driver monitoring systems with centralized cloud analytics for large-scale fleet 

management. The architecture enabled continuous behavioral data transmission from vehicles to cloud servers, 

where machine learning algorithms analyzed patterns for anomaly detection and risk assessment. [9].  K. Verma 

et al. (2022) designed a real-time drowsiness detection system using geometric eye feature extraction 

combined with supervised machine learning classifiers. The authors suggested adaptive thresholding and 

preprocessing enhancement techniques to improve system robustness, indicating the need for optimized real-

time geometric detection frameworks. [10] 

 

P. Garcia et al. (2022)  introduced a multimodal driver monitoring framework integrating wearable 

physiological sensors with computer vision-based fatigue detection to enhance early drowsiness identification 

accuracy. Additionally, integration of multiple sensing units increased hardware complexity, calibration 

requirements, and maintenance cost, limiting large-scale automotive deployment feasibility.[11]. B. Dasgupta et 

al. (2021) proposed a smart accident detection and emergency alert system utilizing accelerometer sensors 

combined with GSM and GPS communication modules for automated post-collision response. However, the 

framework primarily functioned as a reactive post-accident system and lacked predictive monitoring capabilities 

related to driver fatigue or health conditions. The absence of proactive drowsiness detection limited its 

effectiveness in preventing accidents before occurrence, highlighting the need for integrated real-time driver 

state monitoring systems.[12]. R. Mehta et al. (2021) developed a computer vision-based driver fatigue 

detection system utilizing Haar Cascade By measuring prolonged eye closure intervals, the framework 

identified potential drowsiness conditions and generated alert signals absence of temporal sequence modeling 

also limited its ability to distinguish between normal blinking and fatigue-induced eye closure, indicating the 

need for more reliable geometric or hybrid approaches.[13]  
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S. Abtahi et al. (2020) conducted a comprehensive study on video-based driver fatigue analysis focusing on 

blink duration, eye closure persistence, and temporal eye dynamics as primary indicators of drowsiness. The 

proposed model analyzed frame-by-frame eye state transitions to compute fatigue-related metrics such as 

PERCLOS (Percentage of Eye Closure). The study provided foundational insights into temporal fatigue 

modeling techniques. However, environmental lighting variations and head pose changes influenced detection 

stability, highlighting the importance of robust facial landmark extraction and adaptive threshold mechanisms 

for practical real-world deployment.[14]. T. Soukupová and J. Čech (2020) introduced the Eye Aspect Ratio 

(EAR) metric as a computationally efficient geometric approach for real-time blink detection using facial 

landmark coordinates. The proposed method enabled rapid determination of eye closure states without requiring 

complex deep learning architectures. Despite these challenges, the EAR approach remains a foundational 

technique for lightweight fatigue detection frameworks.[15] 

 

3. Methodology  

The proposed AI-Based Intelligent Driver Monitoring and Accident Prevention System Using Multi-Sensor 

Fusion is designed to provide continuous monitoring of the driver's physical condition and vehicle status using 

Artificial Intelligence, embedded systems, and IoT technologies. Unlike conventional safety systems that react 

only after an accident occurs, the proposed framework continuously analyzes driver behavior, physiological 

parameters, and vehicle motion to identify hazardous conditions before they become critical. The system 

integrates a camera module, MQ-3 alcohol sensor, MAX30102 pulse oximeter sensor, MPU6050 motion sensor, 

Raspberry Pi controller, GSM/GPS communication modules, and cloud connectivity into a unified intelligent 

platform. Data collected from all sensing devices are processed in real time to evaluate driver alertness, detect 

abnormal conditions, and initiate immediate safety actions. The complete operational methodology of the 

proposed system is illustrated in Fig.1. 

 

3.1 System Architecture 

The proposed architecture consists of a Raspberry Pi as the central processing unit connected to multiple 

sensing and communication modules. A camera continuously captures the driver's facial images, while the MQ-

3 sensor detects alcohol concentration, the MAX30102 measures heart rate and oxygen saturation, and the 

MPU6050 monitors vehicle vibration, acceleration, and collision events. The GPS module provides real-time 

location tracking, and the GSM module transmits emergency notifications. All acquired data are integrated and 

processed by the Raspberry Pi to perform intelligent decision-making and activate appropriate safety 

mechanisms. 

3.2  Data Acquisition and Processing 

The camera captures continuous video frames of the driver, while the embedded sensors simultaneously collect 

physiological and vehicle-related information. The captured images undergo preprocessing to remove noise and 

improve image quality before feature extraction. Sensor values are sampled continuously and synchronized with 

the image processing pipeline to ensure accurate real-time analysis. The integrated data provide a 

comprehensive representation of the driver's condition and vehicle status. 

 

Fig 1. Proposed Block Diagram 

The preprocessed facial images are analyzed using computer vision and Artificial Intelligence algorithms to 

extract facial landmarks, eye movement, blinking frequency, and head orientation. The extracted features are 

used to classify the driver's condition into normal, distracted, or fatigued states. Simultaneously, physiological 
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parameters and alcohol concentration are evaluated to detect abnormal health conditions or impaired driving. 

Combining visual and sensor information significantly improves detection accuracy while minimizing false 

alarms. The Raspberry Pi evaluates all incoming sensor data using a rule-based decision algorithm. When 

abnormal driving behaviour, alcohol detection, health abnormalities, or collision conditions exceed predefined 

thresholds, the controller automatically activates warning indicators and emergency safety mechanisms. 

Depending on the severity of the detected event, the system generates audible alerts, restricts vehicle operation 

through a relay module, and prepares emergency communication. After confirming a hazardous situation, the 

GSM module automatically transmits emergency messages containing the driver's condition and GPS 

coordinates to predefined emergency contacts. Sensor readings and system status are simultaneously uploaded 

to a cloud platform for remote monitoring, data storage, and future analysis. This communication framework 

enables rapid emergency response while supporting intelligent transportation applications. The proposed 

prototype was evaluated under different driving scenarios, including normal driving, fatigue, alcohol detection, 

abnormal physiological conditions, and simulated accident events. Experimental results demonstrated reliable 

driver monitoring, rapid emergency communication, and accurate safety response. The integration of Artificial 

Intelligence, embedded processing, and multi-sensor fusion significantly improved the reliability and 

effectiveness of the proposed intelligent transportation system 

4. Implementation   

The proposed AI-Based Intelligent Driver Monitoring and Accident Prevention System was implemented using 

a Raspberry Pi integrated with computer vision algorithms, multiple sensors, and IoT communication modules. 

The implementation focuses on real-time monitoring of driver behavior, physiological parameters, and vehicle 

conditions to improve road safety through intelligent decision-making and automated emergency response.. 

The hardware architecture consists of a Raspberry Pi 4 Model B, Pi Camera Module, MQ-3 alcohol sensor, 

MAX30102 pulse oximeter sensor, MPU6050 accelerometer and gyroscope, GPS receiver, GSM 

communication module, relay driver circuit, LCD display, buzzer, and servo motor. Each hardware component 

performs a dedicated safety function while communicating with the Raspberry Pi through GPIO, UART, and 

I²C interfaces. The Raspberry Pi continuously receives video frames from the Pi Camera and sensor 

measurements from all connected devices. The MQ-3 sensor monitors alcohol concentration around the driver 

and immediately reports abnormal readings. The MAX30102 measures heart rate and blood oxygen saturation 

to identify possible medical emergencies during driving. Vehicle motion, vibration, sudden acceleration, and 

collision events are detected by the MPU6050 sensor.  

The software architecture was developed using Python running on Raspberry Pi OS. OpenCV and MediaPipe 

libraries were integrated to implement computer vision algorithms capable of monitoring driver facial behavior 

in real time. The captured video stream is divided into individual image frames, which undergo preprocessing 

operations including resizing, grayscale conversion, noise filtering, and image normalization. Facial landmark 

detection is then performed to identify important facial regions such as the eyes, nose, and mouth. The extracted 

facial features are analyzed to determine eye movement, blinking frequency, eye closure duration, and head 

orientation. These parameters are continuously evaluated by the Artificial Intelligence model to classify the 

driver's condition into normal, distracted, fatigued, or drowsy states. Simultaneously, sensor values from the 

MQ-3, MAX30102, and MPU6050 modules are continuously acquired through Python libraries and 

synchronized with the image processing pipeline.  

The decision-making module represents the core intelligence of the proposed system. After acquiring image and 

sensor data, the Raspberry Pi compares every measured parameter with predefined safety thresholds. Instead of 

relying on a single parameter, the controller evaluates multiple indicators simultaneously to reduce false alarms 

and improve system reliability. For example, if prolonged eye closure is detected together with abnormal head 

movement and decreasing heart rate, the controller classifies the event as a high-risk fatigue condition. 

Similarly, if alcohol concentration exceeds the predefined limit or a sudden collision is identified by the 

MPU6050 sensor, emergency safety procedures are activated immediately. This multi-parameter evaluation 

strategy significantly improves overall detection accuracy compared with conventional single-sensor monitoring 

systems. 

The complete prototype was experimentally evaluated under various driving scenarios including normal driving, 

fatigue conditions, alcohol detection, abnormal heart rate, oxygen saturation variation, and simulated collision 

events. During testing, the camera successfully monitored driver facial behavior while the embedded sensors 

continuously acquired physiological and vehicle-related information. The integrated Artificial Intelligence 

algorithm accurately identified unsafe driving conditions and activated emergency responses with minimal 

processing delay. 
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5. Result and Discussions 

The proposed AI-Based Intelligent Driver Monitoring and Accident Prevention System Using Multi-Sensor 

Fusion was implemented and tested under various operating conditions to evaluate its effectiveness in detecting 

unsafe driving situations. Experimental analysis was carried out using real-time video processing, embedded 

sensors, and IoT communication modules. The obtained results demonstrate that the integrated framework 

performs reliable driver monitoring, intelligent decision-making, and rapid emergency response with minimal 

processing delay. 

5.1 Normal Driver Detection 

The proposed driver monitoring system continuously captures facial images and processes them using the AI-

based computer vision algorithm. As shown in Fig. 2, the system correctly identifies the driver as Awake while 

displaying the physiological parameters (BPM and SpO₂) and alcohol sensor reading in real time. Since all 

monitored parameters remain within their predefined threshold values, the system displays the "ALL CLEAR" 

status without activating any warning or emergency response. This confirms the effectiveness of the proposed 

framework during normal driving conditions. 

                                                  

Fig. 2  Normal (Awake) Driver Detection Output                  Fig. 3 Drowsiness Detection Output 

Figure 3 illustrates the output of the proposed system when driver fatigue is detected. The AI model recognizes 

prolonged eye closure and classifies the driver's condition as Drowsy. Immediately after detection, the 

Raspberry Pi activates the warning mechanism, temporarily disables the vehicle motor through the relay 

module, and operates the stepper motor to open the window for improved ventilation. These automatic safety 

actions demonstrate the capability of the proposed system to prevent accidents caused by driver fatigue. 

5.2 Alcohol Detection Analysis  

The MQ-3 alcohol sensor continuously measures alcohol concentration near the driver. The sensor output 

voltage increases with increasing alcohol concentration. When the measured value exceeds the predefined 

threshold, the embedded controller identifies the condition as unsafe and initiates the corresponding safety 

mechanism. The graph confirms the sensitivity and stability of the MQ-3 sensor for real-time alcohol detection. 

The emergency SMS generated automatically after the driver presses the emergency help button or when a 

hazardous condition is detected. The message includes the driver's heart rate, oxygen saturation, GPS 

coordinates, and Google Maps location link. This information enables family members or emergency responders 

to quickly identify the driver's location and provide timely assistance. During collision detection, the MPU6050 

sensor identifies abnormal vehicle acceleration and impact. the system automatically sends an accident 

notification containing the driver's physiological parameters and current GPS location through the GSM module. 

The automatic notification minimizes emergency response time and enhances overall road safety. The Bluetooth 

communication module enables voice-based interaction between the driver and the embedded system. The 

proposed interface supports emergency voice commands such as "HELP", allowing the driver to request 

assistance without manually operating the system. This feature improves accessibility during critical 

situations.B Discussion.  Figure 8 presents the system output after receiving the emergency HELP command. 

Once the command is detected, the controller restricts vehicle operation through the relay module and 

continuously monitors the driver's condition until assistance is received. This mechanism enhances passenger 

safety during emergency situations. 

Figure 9 shows the complete hardware implementation of the proposed intelligent driver monitoring system. 

The prototype consists of a Raspberry Pi, Pi Camera, MAX30102 sensor, MQ-3 alcohol sensor, MPU6050 

sensor, GSM module, Bluetooth module, relay driver, stepper motor, LED indicators, buzzer, and power supply. 

All hardware components operate together to provide real-time driver monitoring and emergency response. The 

performance graph demonstrates the detection accuracy achieved by the proposed system for different safety 

conditions. 
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Fig. 7.Bluetooth Voice                   Fig. 8 Vehicle Lock Display           Fig. 9 Hardware Assembly proposed  
Command Interface                        During HELP Command                          System 

The experimental results indicate approximately 96% accuracy for drowsiness detection, 94% accuracy for 

alcohol detection, and 97% accuracy for accident detection. The integration of Artificial Intelligence with multi-

sensor fusion improves overall system reliability while reducing false alarms. 

        

6. Conclusion 

               

This paper presented an AI-Based Intelligent Driver Monitoring and Accident Prevention System Using Multi-

Sensor Fusion to improve road safety through continuous monitoring of driver behaviour and vehicle conditions. 

The proposed system successfully integrates computer vision, embedded sensing, physiological monitoring, and 

IoT communication into a unified platform capable of detecting driver drowsiness, alcohol consumption, abnormal 

health conditions, and accident events in real time. The Raspberry Pi processes data acquired from the camera, 

MQ-3 alcohol sensor, MAX30102 pulse oximeter, MPU6050 motion sensor, GPS, and GSM modules to perform 

intelligent decision-making and automatically initiate appropriate safety measures. Experimental results 

demonstrated that the proposed framework accurately identified unsafe driving conditions while maintaining 

reliable real-time performance. The automatic activation of warning alerts, vehicle control mechanisms, emergency 

SMS transmission, and GPS-based location tracking significantly reduced emergency response time and enhanced 

driver safety. Furthermore, the developed prototype provides a cost-effective and scalable solution suitable for 

intelligent transportation systems and Advanced Driver Assistance Systems (ADAS).  
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