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Integrated adaptive driver alert system using IoT for road safety

Neeta N. Thune *
Archana Kanwade †

Department of Electronics and Telecommunication Engineering
Marathwada Mitra Mandal’s College of Engineering  
Savitribai Phule Pune University 
Maharashtra
India

Neha Ganvir §

Department of Electronics and Telecommunication Engineering
KJ College of Engineering Management and Research
Savitribai Phule Pune University
Maharashtra
India

Mahesh Navale ‡

Department of Electronics and Telecommunication Engineering
Marathwada Mitra Mandal’s College of Engineering 
Savitribai Phule Pune University 
Maharashtra
India

Abstract
This paper introduces an Integrated Adaptive Driver Warning System (IADAS) 

utilizing Internet of Things (IoT) technologies to enhance road safety in modern vehicles. 
By employing a multi-sensor approach, including cameras, accelerometers, heart rate 
monitors, and GPS modules, the unit continuously monitors the driver’s behavior and 
surrounding environment in real-time. Advanced algorithms process this data to assess the 
driver’s cognitive state, fatigue level, and potential distractions. The integration of cloud 
services enables data storage, analysis, and remote monitoring of drivers. Overall, the 
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IADAS represents a proactive and adaptive safety framework, aiming to reduce accidents by 
providing timely and contextual alerts to drivers, thus contributing to a safer transportation 
ecosystem.

Subject Classification:  Primary 93A00, Secondary 94A00.

Keywords: Advanced driver assistance systems (ADAS), Internet of Things (IoT), 
Electroencephalogram (EEG), Integrated adaptive driver alert system (IADAS).

1.  Introduction

The automotive industry has experienced advances in vehicle 
technology in the recent days, leading to increased complexity and 
sophistication in modern vehicles. While these innovations offer increased 
comfort and performance, they also present challenges related to driver 
safety. Driver fatigue, distraction and other factors are major contributors 
to traffic accidents, necessitating the development of advanced driver 
assistance systems that go beyond traditional safety measures. The 
traditional approach to driver safety relies heavily on reactive measures 
such as airbags and anti-lock braking systems that activate in response to 
a detected impact or sudden change in driving conditions. While these 
systems have undoubtedly improved vehicle safety, there is a growing 
need for proactive measures that can anticipate and prevent potential 
accidents. The increasing prevalence of distracted driving, driver fatigue 
and complex traffic situations requires a more adaptive and intelligent 
approach to road safety. Advanced Driver Assistance Systems (ADAS) are 
a suite of technologies designed to enhance vehicle safety by aiding drivers 
in operating their vehicles more safely [1]. The primary objective of IADAS 
is to provide real-time monitoring and adaptive alerts to mitigate the risks 
associated with driver fatigue and distraction, thereby increasing overall 
road safety. The Integrated Adaptive Driver System Alert featured in this 
document seeks to bridge these gaps by leveraging IoT capabilities to 
create a dynamic and responsive safety ecosystem. IADAS goes beyond 
traditional safety measures by combining various sensors and intelligent 
algorithms to not only detect signs of driver fatigue and distraction, but 
also dynamically adapt alerts based on changing driving context [2]. This 
adaptability is essential to minimize false alarms and ensure that the 
driver is properly alerted when intervention is required.
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2. Literature Review

Traditional driver alert systems have primarily focused on 
rudimentary approaches, such as lane departure warnings and collision 
avoidance. These systems often lack the adaptability required to address 
the diverse challenges posed by driver fatigue and distraction. Recent 
studies emphasize the need for more sophisticated solutions that take into 
account real-time driver state monitoring and adaptive alert mechanisms. 
The importance of monitoring the driver’s cognitive state in real-time 
cannot be overstated. Researchers delves into the utilization of physiological 
sensors, such as heart rate monitors and electroencephalogram (EEG) 
devices, to assess the driver’s mental workload and fatigue levels. These 
studies underscore the significance of integrating such monitoring into 
adaptive alert systems [3].

In-vehicle cameras and computer vision algorithms have been pivotal 
in detecting driver distractions [4]. This work of showcases the effectiveness 
of computer vision in identifying behaviors such as mobile phone usage 
and inattentiveness. Integrating these techniques into an adaptive alert 
system provides a comprehensive approach to mitigating distraction-
related risks. The adaptability of alert mechanisms is a key feature for 
effective driver safety systems. Research explores the use of machine 
learning algorithms to dynamically adjust alert levels based on the severity 
of identified risks. Adaptive alert mechanisms ensure that the driver 
receives timely and appropriate warnings, enhancing the system’s overall 
efficiency [5].

3. Methodology 

The block diagram provided figure 1 shows a system for predicting 
and measuring the accuracy of Integrated Driver Alert System using IoT. 
The proposed integrated driver alert system is a cohesive amalgamation of 
various components, with the Raspberry Pi serving as the central 
processing unit orchestrating the entire system. The system’s architecture 
incorporates several key components, each contributing to the overall 
functionality.

•• Raspberry Pi as Central Controller: The Raspberry Pi assumes the 
role of the central processing unit, coordinating and managing the 
diverse functionalities of the entire alert system [6].

•• Facial Recognition using Pi Camera: The Pi Camera is deployed 
for facial recognition, continuously capturing real-time images of 
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the driver’s face. The Raspberry Pi processes these images through 
facial recognition algorithms to gauge the driver’s alertness level.

•• IoT Capabilities with Wemos D1 Mini ESP8266: The Wemos D1 
Mini, equipped with the ESP8266 module, brings IoT capabilities to 
the system. 

•• Physiological Monitoring with MAX30102 (Pulse Oximeter 
Sensor): The MAX30102 monitors the driver’s heart rate and oxygen 
saturation levels. Unusual values trigger the alert system, ensuring a 
comprehensive assessment of the driver’s physiological parameters 
[7].

•• Visual Feedback through 128X64 OLED Display: The OLED 
display provides visual feedback to the driver, displaying alerts and 
critical information such as health metrics and alerts.

3.1 System Flow

•• The Pi Camera continuously captures the driver’s face, and the 
Raspberry Pi processes these images using facial recognition 
algorithms.

•• The MAX30102 continuously monitors the driver’s physiological 
parameters, contributing to the comprehensive assessment of the 
driver’s condition.

•• The Wemos D1 Mini fetches real-time data, providing additional 
context for the alert system and enhancing its responsiveness [8].

Figure 1
Integrated Driver Alert System using IoT
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•• Based on the collected data, the Raspberry Pi determines the driver’s 
state (e.g., drowsy or fatigued).

•• In the event of a concerning condition, the system activates visual 
alerts on the OLED display and triggers the haptic feedback on the 
wristband (buzzer, LED, vibrating motor).

•• Simultaneously, the system may send alerts or notifications to a 
connected mobile device via the ESP8266 module.

3.2 Integration and Communication

Communication between components is facilitated through GPIO 
pins, I2C, SPI, or UART interfaces. Software development for each 
component is executed using appropriate libraries and programming 
languages (Python, C++) [9]. MQTT or HTTP protocols are employed for 
communication between the Wemos D1 Mini and Raspberry Pi, ensuring 
seamless integration and effective data exchange. Ensuring a cohesive 
integration and robust communication between these components is 
paramount for the overall success and reliability of the integrated driver 
alert system. Attention to power management, real-time processing, and 
user interface design further contribute to optimizing the system’s 
efficiency and enhancing the user experience.

4. Results

For the results, we took screenshots which are given in Figure 2 and 
Figure 3 show the flow chart of the object detection for the adaptive driver 
alert system. Observed results are shown in table 1. Figure 4a and 4b are 
the images of the face feature selection using the HAAR cascade. Windows 
of the HAAR cascade is given in Figure 5.

Figure 2
Face Detection simulation on MATLAB



278� N. N. THUNE ET AL.

Figure 3
Flow Chart of the Face detection

Table 1
Accuracy of Classifiers

Facial Feature Positive Hit Rate Negative Hit Rate
Eyes 93% 23%
Nose 100% 29%

Mouth 675 28%

Figure 4a
Front View the human eye

Figure 4b
Front view of the human nose
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Figure 5
Haar cascade 

5.  Conclusion

The Integrated Adaptive Driver Alert System (IADAS) marks a 
substantial advancement in the realm of road safety, tackling the intricate 
issues associated with driver fatigue and distraction. Recognizing the 
critical need for a proactive approach to enhance safety on the roads, 
IADAS integrates a sophisticated combination of physiological sensors, 
behavioral sensors, and cutting-edge IoT technologies. This comprehensive 
integration is designed to enable real-time monitoring of driver conditions, 
allowing for personalized alerts that can effectively mitigate the risks 
arising from impaired driver performance. The system’s adaptive nature 
is a key feature, allowing it to dynamically respond to the ever-changing 
state of the driver. By incorporating physiological sensors such as pulse 
oximeters and heart rate monitors, IADAS can assess the driver’s vital 
signs in real time, providing insights into their physical well-being. 
Simultaneously, behavioral sensors possibly employing facial recognition 
and eye-tracking technologies, contribute to understanding cognitive 
states and detecting signs of fatigue or distraction.

The primary goal of IADAS is to provide timely and personalized 
alerts to drivers, helping them stay vigilant and responsive. 

In essence, IADAS represents a holistic and forward-thinking 
approach to road safety. By integrating physiological and behavioral 
monitoring with IoT capabilities, the system not only identifies potential 
risks but also actively engages with the driver in real time. This proactive 
intervention can significantly contribute to reducing the likelihood of 
accidents caused by driver fatigue or distraction, making roads safer for 
all users.
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