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ABSTRACT 

The Advanced Driver Monitoring System 

is an embedded safety platform built using 

a Raspberry Pi and sensor fusion. The 

system is designed to detect unsafe driving 

behaviours in real time to prevent road 

accidents. A key feature of the system is the 

use of an IR sensor to monitor the driver 

for drowsiness by detecting prolonged eye 

closure. In addition to fatigue monitoring, 

the system includes a heart rate sensor to 

track the driver’s physical stress and an 

alcohol sensor to detect intoxication. By 

combining these inputs, the Raspberry Pi 

can identify if a driver is too tired, unwell, 

or impaired to drive safely.When a risk is 

detected, the system provides immediate 

feedback through an LCD, an audible 

buzzer, and LED indicators. Furthermore, 

the Raspberry Pi connects to a DC motor 

control unit to automatically and 

gradually reduce the vehicle's speed. This 

sensor-based approach offers a low-cost  

 

 

and efficient alternative to expensive 

camera systems, providing a reliable way 

to improve road safety through real-time 

alerts and controlled deceleration. 

KEYWORDS: Raspberry Pi, IR sensor, 

Drowsiness detection, Eye closure 

monitoring, Heart rate sensor, Alcohol 

sensor, Driver behaviour monitoring, 

LCD, Buzzer alarm, LED indicators, DC 
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INTRODUCTION 

Road safety has become a major concern 

due to the increasing number of accidents 

caused by driver fatigue, stress, and alcohol 

consumption. Human errors significantly 
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contribute to road accidents, leading to 

injuries and loss of life. Traditional vehicle 

safety systems mainly focus on accident 

protection rather than preventing accidents 

caused by driver inattention. Recent 

advancements in embedded systems and 

intelligent monitoring technologies have 

enabled the development of real-time driver 

assistance solutions. The proposed 

Advanced Driver Monitoring System 

utilizes sensor-based monitoring techniques 

for detecting drowsiness, alcohol presence, 

and abnormal heart conditions, thereby 

improving driver safety and reducing 

accident risks. 

RELATED WORK 

Several researchers have proposed driver 

monitoring systems using image 

processing, physiological signal analysis, 

and sensor technologies to improve road 

safety. Early systems used camera-based 

methods to monitor eye movement and 

facial expressions for fatigue detection. 

Researchers also implemented alcohol 

detection systems and wearable devices for 

monitoring health conditions during 

driving. Recent developments introduced 

embedded systems and IoT technologies to 

provide real-time monitoring and 

automated alerts. Studies indicate that 

sensor-based systems provide better 

performance under varying environmental 

conditions and reduce computational 

complexity compared to traditional image-

based techniques. 

LITERATURE REVIEW 

The literature review indicates that various 

approaches have been developed for driver 

safety and fatigue monitoring applications. 

Previous studies focused on image 

processing techniques such as the Viola-

Jones algorithm for eye tracking and facial 

feature extraction. Researchers also 

implemented MQ-series gas sensors for 

alcohol detection and physiological sensors 

for monitoring heart activity. Embedded 

systems such as Raspberry Pi and Arduino 

platforms have been used for integrating 

multiple sensors into a single framework. 

Comparative studies demonstrate that 

multi-sensor monitoring systems provide 

improved reliability, lower response time, 

and greater accuracy than single-parameter 

detection methods. 

EXISTING METHOD 

Existing driver monitoring systems mainly 

depend on camera-based facial recognition 
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techniques, steering behavior analysis, 

wearable biometric devices, and alcohol 

detection systems. Vision-based systems 

use image processing algorithms to monitor 

eye movement and facial expressions, 

while wearable systems track physiological 

parameters such as heart rate and body 

temperature. Lane departure systems and 

steering pattern analysis are also used for 

fatigue identification. However, these 

systems require expensive hardware 

components, consume significant 

computational resources, and often 

experience performance limitations under 

poor environmental conditions. They also 

generate false alarms and may require 

active user interaction. 

PROPOSED METHOD 

The proposed Advanced Driver Monitoring 

System utilizes a Raspberry Pi-based sensor 

fusion architecture for real-time driver 

safety monitoring. The system integrates an 

IR sensor for detecting eye closure and 

drowsiness, an MQ-3 alcohol sensor for 

identifying intoxication conditions, and a 

heart rate sensor for monitoring 

physiological status. Sensor information is 

continuously analyzed using predefined 

threshold values to determine the driver's 

safety condition. Whenever abnormal 

behavior is detected, visual and audio alerts 

are generated through LEDs, LCD displays, 

and buzzers. Additionally, the system 

activates motor control mechanisms to 

reduce vehicle speed, ensuring improved 

safety and proactive accident prevention. 

SYSTEM ARCHITECTURE 

 

Fig 1: Block Diagram 

 

METHODOLOGY DESCRIPTION 

Data Acquisition and Driver Monitoring 

The system an IR sensor, MQ-3 alcohol 

sensor, and heart rate sensor. These sensors 

monitor eye activity, alcohol presence, and 

physiological conditions in real time. 

Signal Processing and Sensor Fusion 

The Raspberry Pi receives sensor outputs 

and processes the acquired data 

simultaneously. Sensor fusion techniques 
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combine multiple inputs to improve 

reliability and minimize false detections. 

Driver Condition Analysis 

The system compares sensor values with 

predefined threshold parameters to 

determine the driver’s safety status. 

Abnormal patterns such as prolonged eye 

closure, alcohol detection, or irregular heart 

rates are identified instantly. 

Alert Generation and Warning 

Mechanism 

When unsafe driving conditions are 

detected, visual and audio alerts are 

generated automatically. 

 LEDs, LCD displays, and buzzers provide 

immediate warning indications to capture 

driver attention. 

Vehicle Control and Safety Action 

The Raspberry Pi communicates with the 

motor driver interface to control vehicle 

speed during dangerous conditions.  

The system gradually reduces motor 

operation to ensure safe and controlled 

deceleration. 

SOFTWARE AND HARDWARE 

REQUIREMENTS 

HARDWARE COMPONENTS 

Infrared (IR) Sensor Module 

 

Fig 2: Infrared (IR) Sensor Module 

The Infrared (IR) sensor is used to monitor 

the driver's eye activity and detect 

prolonged eye closure associated with 

drowsiness. It operates by transmitting 

infrared light and analysing reflected 

signals, enabling reliable detection even in 

low-light and nighttime driving conditions. 

Alcohol Sensor (MQ-3) 

 

Fig 3: Alcohol Sensor (MQ-3) 

The MQ-3 alcohol sensor detects the 

concentration of alcohol vapours present in 

the driver's breath or surrounding cabin 

environment. It converts chemical changes 

into electrical signals, allowing the system 

to identify unsafe driving conditions caused 

by alcohol consumption. 
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Heart Rate Sensor 

 

Fig 4: Heart Rate Sensor 

The heart rate sensor measures the driver's 

pulse using optical sensing technology and 

continuously monitors physiological 

conditions. It helps identify abnormal heart 

activity, stress, fatigue, or potential health-

related emergencies during vehicle 

operation. 

Raspberry Pi Pico W 

 

Fig 5: Raspberry Pi Pico W 

The Raspberry Pi Pico W acts as the central 

processing and control unit of the system. It 

collects sensor data, processes safety 

conditions, and controls alert mechanisms 

and motor operations in real time. 

LCD Display 

 

Fig 6: LCD Display 

The 16×2 LCD display provides real-time 

visual feedback to the driver by displaying 

system status and warning messages. It 

allows the driver to immediately understand 

detected conditions and system responses. 

Piezoelectric Buzzer 

 

Fig 7: Piezoelectric Buzzer 

The buzzer generates audible warning 

signals whenever unsafe conditions such as 

drowsiness, alcohol detection, or abnormal 

heart rate are identified. It serves as an 

immediate alert mechanism to attract the 

driver's attention. 

LED Indicators 
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Fig 8: LED Indicators 

LED indicators provide visual information 

regarding the operational state of the 

system through different light signals. They 

help indicate safe, warning, and critical 

conditions for quick recognition. 

DC Motor 

 

Fig 9: DC Motor 

The DC motor is used to simulate vehicle 

movement and speed control functionality 

in the proposed system. It enables 

controlled speed reduction during 

hazardous situations for demonstrating 

active safety intervention. 

Motor Driver Interface (L298N) 

Fig 10: Motor Driver Interface (L298N) 

The motor driver interface acts as an 

intermediary between the controller and the 

DC motor. It receives control signals from 

the Raspberry Pi Pico W and regulates 

motor speed and direction safely. 

Jumper Wires 

Jumper wires are used to establish electrical 

connections between sensors, controllers, 

and other hardware components. They 

simplify circuit development and allow 

quick modification during testing and 

prototyping. 

SOFTWARE REQUIREMENTS 

The software framework for the Advanced 

Driver Monitoring System is developed 

using C++ on the Raspberry Pi Pico W 

platform. The software continuously 

acquires sensor data, processes driver 

conditions, and executes decision-making 

algorithms in real time. It controls hardware 

peripherals such as sensors, LCD display, 

buzzer, LEDs, and motor driver while 

ensuring fast response, low processing 

delay, and reliable system operation for 

accident prevention. 

RESULTS AND DISCUSSION 

 

Fig 11: Normal condition 
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The system operates normally when all 

sensor values remain within predefined safe 

thresholds and no abnormal driver 

condition is detected. 

 

Fig 12: Alert condition 

The system activates warning mechanisms 

when drowsiness, alcohol presence, or 

abnormal heart rate conditions are 

detected. 

 

Fig 13: LCD display output of the 

system 

The LCD displays real-time status and 

warning messages to inform the driver 

about detected safety conditions. 

 

Fig 14: Serial monitor output 

The serial monitor continuously displays 

sensor readings and system status for 

monitoring and debugging purposes. 

CONCLUSION 

The Advanced Driver Monitoring System 

successfully provides an effective solution 

for improving road safety through 

continuous monitoring of driver behavior 

and physiological conditions. The 

integration of IR, alcohol, and heart rate 

sensors enables reliable detection of unsafe 

driving situations in real time. Immediate 

warning mechanisms and controlled 

vehicle intervention significantly reduce 

accident risks caused by human error. The 

developed system offers a cost-effective, 

efficient, and practical approach for 

intelligent transportation and future vehicle 

safety applications. 
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FUTURE SCOPE 

Future improvements can include 

implementing intelligent learning 

algorithms to enhance driver behavior 

prediction and detection accuracy. IoT 

integration can provide cloud-based 

monitoring and remote access to driver 

information in real time. Additional 

physiological sensors such as ECG, SpO₂, 

and temperature sensors can improve health 

monitoring capabilities. GPS and GSM 

modules can be integrated to provide 

emergency location tracking and automatic 

notifications. The system can also be 

connected with actual vehicle control 

mechanisms to enable advanced braking 

and autonomous safety operations. 
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