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Abstract: Road accidents caused by sudden health issues of drivers are a major concern in the world. Situations such as heart
attack, abnormal body temperature, or low oxygen levels can cause loss of vehicle control. To solve this issue, this paper presents
an in-cabin health monitoring and emergency response system using ESP32. The proposed system continuously monitors vital
parameters of the driver, including heart rate, body temperature, and oxygen saturation (SpO:). These parameters are measured
and transmitted to an 10T platform-Blynk lot for real-time observation. If any abnormal or emergency condition is detected, the
system activates an emergency protocol that includes alert generation using a buzzer, activation of hazard lights through a relay
module, and reduction of vehicle speed using a motor driver. Additionally, GPS and GSM modules are integrated to provide
location tracking and alert communication. The system focuses on ensuring that the vehicle safely slows down and parks at the
roadside, minimizing accident risk. Our proposed system is cost-effective and suitable for real-time applications in modern
vehicles.
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I. INTRODUCTION

In the last few years, road safety has become a critical issue due to the increasing number of accidents caused by driver health
problems. Many drivers experience sudden medical emergencies such as cardiac arrest or respiratory issues during driving. These
situations may result in loss of control over the vehicle, causing accidents.

Traditional vehicle safety systems mainly focus on external factors like collision detection and obstacle avoidance, and there is
limited focus on monitoring the internal health condition of the driver. This shows a need for a smart system that continuously
observes driver health and responds immediately during emergencies. Our paper proposes a real-time in-cabin health monitoring
system integrated with an automatic emergency response mechanism. The system uses ESP32 as the main controller and combines
multiple sensors and special modules such as GSM and GPS

Il. LITERATURE REVIEW
Several research works have been carried out in the field of driver health monitoring and vehicle safety systems, with a major focus
on integrating 10T and sensor-based technologies. The study in [1] provides a comprehensive overview of 10T applications in
healthcare, highlighting how real-time data acquisition and remote monitoring can significantly improve patient safety and response
time.
Existing systems primarily focus on monitoring physiological parameters using wearable or embedded sensors. For instance, [2]
and [5] present loT-based driver health monitoring systems that measure parameters such as heart rate and temperature and transmit
the data to cloud platforms for real-time observation. Similarly, [11] and [12] demonstrate the use of ESP32-based systems for
monitoring vital signs like heart rate and SpO., emphasizing low-cost and efficient implementation.
In the context of vehicle safety, [3] and [7] propose sensor-based systems that integrate 10T with embedded controllers to monitor
vehicle conditions and provide alerts. Additionally, [10] focuses on driver drowsiness detection and alert mechanisms using GSM
communication. More recent works such as [4], [8], and [17] explore advanced driver monitoring systems using multi-modal
sensors and intelligent techniques to improve detection accuracy and reliability.
However, many of these systems are limited to monitoring and alert generation. As highlighted in [9] and [14], most existing
solutions lack an integrated mechanism for automatic vehicle control during emergency situations. Although some studies, such as
[6] and [15], attempt to incorporate safety features, they still have limited focus on complete automation of emergency response.
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Therefore, there is a clear need for a system that not only monitors driver health in real time but also takes immediate action to
prevent accidents. The proposed system addresses this gap by integrating health monitoring, loT-based communication, and
automated vehicle control, ensuring a comprehensive and reliable emergency response mechanism.

1. PROBLEM STATEMENT

Road safety remains a significant global challenge, with a considerable number of accidents caused by sudden health issues
experienced by drivers. Medical emergencies such as cardiac arrest, abnormal body temperature, or reduced oxygen levels can
impair a driver’s ability to control the vehicle. Most existing vehicle safety systems are designed to handle external risks, such as
collisions and obstacles, but they do not address the internal health condition of the driver. Although some monitoring systems are
available, they primarily focus on detection and alerting, without providing an integrated emergency response or vehicle control.
This gap highlights the need for an intelligent system that can continuously monitor the driver’s health, detect critical conditions in
real time, and take immediate action to ensure safety.

V. SCOPE OF THE PROJECT
This project focuses on improving road safety by addressing a problem that is often overlooked—driver health during driving. The
system is designed to continuously monitor vital health parameters such as heart rate, body temperature, and oxygen levels using
sensors connected to an ESP32 controller.
In case of any abnormal condition, the system does not just stop at generating alerts. It goes a step further by taking immediate
action, such as slowing down the vehicle, activating hazard signals, and notifying emergency contacts with the driver’s location
using GPS and GSM modules.
The scope of this project mainly lies in developing a cost-effective, real-time solution that can be easily implemented in vehicles
without major modifications. It is suitable for private cars as well as commercial vehicles where driver safety is critical.
While the current system focuses on basic health parameters, it can be further expanded in the future by integrating advanced
sensors, Al-based prediction models, and cloud-based analytics to make it even more reliable and intelligent. Overall, this project
aims to bridge the gap between health monitoring and active vehicle safety, making driving safer for everyone on the road.

V. METHODOLOGY

1) Data Acquisition

e When the vehicle is turned ON, all sensors start collecting data continuously.

e The heart rate sensor measures the driver’s pulse rate.

e The temperature sensor measures body temperature and may also capture ambient (room) temperature.
e The SpO: sensor measures the oxygen level in the blood.

2) Data Processing

e The collected data is sent to the ESP32 for processing.

e The values are compared with predefined threshold limits.

e These thresholds include normal ranges of heart rate, body temperature, and oxygen levels.
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e This helps in identifying whether the driver’s condition is normal or abnormal.
3) loT Monitoring

e The processed data is transmitted to the Blynk loT platform.

e  Users can monitor real-time readings through the Blynk mobile application.

4) Emergency Detection

o Ifany health parameter crosses the safe limit, the system detects it as an emergency condition.
e The ESP32 immediately triggers the emergency response system.

5) Emergency Response Actions

e Abuzzer is activated to alert nearby people.

e The relay module turns ON the hazard lights.

e The motor driver gradually reduces the vehicle speed from the initial set speed.
e The vehicle safely moves to the roadside and stops.

e The GPS module provides location data.

e The GSM module sends an alert message with the location details.

VI. SYSTEM ARCHITECTURE AND PROCESS

The proposed system is designed as an integrated in-cabin health monitoring and emergency response system centered around the
ESP32 microcontroller. It combines multiple sensors, communication modules, and control units to ensure real-time monitoring and
quick response during emergencies.

The system consists of three main layers: sensing, processing, and response.

In the sensing layer, sensors such as the heart rate sensor, temperature sensor, and SpO: sensor continuously collect the driver’s vital
health parameters. These sensors are responsible for capturing real-time physiological data.

In the processing layer, the ESP32 acts as the main controller. It receives data from all sensors and compares the values with
predefined threshold limits. Based on this comparison, the system determines whether the driver’s condition is normal or critical.
The communication layer enables remote monitoring and alerting. The ESP32 sends processed data to the Blynk loT platform via
Wi-Fi, allowing users to view real-time data on a maobile application. Additionally, the GPS module provides location information,
and the GSM module is used to send alert messages during emergency situations.

In the response layer, once an abnormal condition is detected, the system activates multiple safety mechanisms. A buzzer is triggered
to alert nearby people, the relay module turns on hazard lights, and the motor driver reduces the vehicle speed gradually to ensure
safe stopping.
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Overall, the system architecture ensures a seamless flow of data from sensing to action, enabling timely detection and automatic
response to driver health emergencies.

Process:

1) When the vehicle is turned ON, the system gets activated and all sensors start functioning.

2) The heart rate sensor, temperature sensor, and SpO: sensor continuously monitor the driver’s health parameters.

3) The collected data is sent to the ESP32 microcontroller for processing.

4) The ESP32 compares the sensor values with predefined threshold limits to check whether the condition is normal or abnormal.
5) The processed data is transmitted to the Blynk IoT platform for real-time monitoring through a mobile application.

6) If any parameter exceeds the safe limit, the system detects it as an emergency condition.

7) The ESP32 immediately triggers the emergency response system.

8) A buzzer is activated to alert nearby people.

9) The relay module turns ON the hazard lights of the vehicle.

10) The motor driver gradually reduces the vehicle speed to ensure safe control.

11) The GPS module retrieves the real-time location of the vehicle.

12) The GSM module sends an alert message along with the location details to predefined contacts.

13) Finally, the vehicle slows down and stops safely at the roadside, reducing the risk of accidents.

VII. RESULTS & APPLICATIONS
A. Results:
1) System Validation:
The proposed system is designed to operate effectively under both normal and emergency conditions by continuously monitoring
the driver’s health parameters and initiating appropriate actions when required.
2) Real-Time Data Monitoring:
Physiological parameters such as heart rate, body temperature, and SpO. are continuously acquired and transmitted to the loT
platform, enabling real-time monitoring and analysis.
3) Emergency Detection Performance:
The system identifies abnormal conditions using predefined threshold values, allowing timely detection of potential health risks.
4) Response Time:
The architecture ensures minimal delay between detection and response, enabling prompt activation of safety mechanisms.
5) Automated Control Response:
Upon detection of an emergency condition, the system initiates multiple control actions, including activation of a buzzer and hazard
lights, gradual reduction of vehicle speed using PWM control, and safe stopping of the vehicle.
6) Communication Reliability:
The integration of GPS and GSM modules enables location tracking and transmission of alert messages to predefined contacts,
ensuring effective communication during emergencies.
7) Overall Outcome:
The proposed system provides an efficient and reliable solution for enhancing driver safety by combining real-time health
monitoring with automated emergency response mechanisms.

B. Applications

The proposed system can be applied in various real-world scenarios, including:

1) Real-time monitoring of driver health in personal and commercial vehicles.

2) Automatic emergency response in case of sudden medical conditions.

3) Integration with smart vehicles to enhance overall road safety.

4) Fleet management systems for monitoring driver well-being in logistics and transport companies.
5) Alert and location tracking for emergency services such as ambulances and roadside assistance.
6) Use in public transportation systems to ensure passenger safety by monitoring the driver’s health.
7) Implementation in autonomous or semi-autonomous vehicles for proactive emergency handling
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VIIl.  CONCLUSION

The proposed ESP32-based in-cabin health monitoring system provides continuous real-time monitoring of driver vital signs,
including heart rate, body temperature, and SpO.. In case of abnormal conditions, it automatically triggers emergency responses
such as reducing vehicle speed, activating hazard lights, sounding an alert buzzer, and sending location-based notifications via GPS
and GSM.

By combining loT-based remote monitoring with automated vehicle control, the system significantly enhances driver safety,
reduces the risk of accidents caused by sudden health issues, and demonstrates a cost-effective solution suitable for modern smart
vehicles. Overall, this project showcases an integrated approach to proactive road safety and emergency management.
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