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Abstract - Road accidents involving heavy vehicles are 

frequently associated with sudden driver health 

emergencies such as cardiac arrest, hypoxia, heat stress, 

and fatigue-related complications. Conventional 

monitoring approaches including wearable devices and 

camera-based driver monitoring systems often suffer 

from low compliance, poor environmental adaptability, 

and unreliable detection accuracy. 

This paper presents Safe Drive+ 2.0, a multi-point, real-

time driver health monitoring system integrated directly 

into the steering wheel, driver’s seat, and seat belt of 

heavy vehicles. The system employs pressure sensors 

and IR proximity sensors to ensure vital sign monitoring 

is activated only when the driver is present and properly 

positioned. The steering wheel integrates the 

MAX30102 sensor for heart rate (HR) and oxygen 

saturation (SpO₂) measurement. Temperature sensors 

(LM35/DS18B20) embedded in the seat monitor body 

and cabin temperature. The seat belt provides 

redundancy through fastening detection and additional 

contact sensing. 

An ESP32 microcontroller processes sensor data and 

compares it against medically validated thresholds 

recommended by the World Health Organization 

(WHO), the Centers for Disease Control and Prevention 

(CDC), and the American Heart Association (AHA). 

When abnormal parameters are detected (SpO₂ ≤ 90%, 

HR < 45 bpm or > 120 bpm, body temperature < 35°C 

or > 38.6°C), a two-step safety protocol is initiated: (1) 

local alert via buzzer and RGB LED; (2) automatic 

GSM-based SMS alert with GPS location if 

unacknowledged. Sensor data is logged to an SD card 

for post-trip analytics. 

The system operates on a regulated 12/24V vehicle 

supply with surge protection, ensuring reliability in 

harsh environments. Safe Drive+ 2.0 provides a low-

cost, retrofit-friendly, IoT-enabled solution for trucks, 

buses, and industrial vehicles, enhancing fleet safety and 

proactive driver health management. 
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1. INTRODUCTION  

Heavy vehicles such as trucks and buses play a critical 

role in transportation and logistics. However, accidents 

involving such vehicles often result in severe 

consequences due to their mass and operational 

environment. A significant percentage of these accidents 

are attributed to sudden driver health emergencies 

including cardiac arrest, hypoxia, heat stroke, and 

fatigue. 

According to reports from the World Health 

Organization, cardiovascular diseases are one of the 

leading causes of sudden mortality worldwide. Similarly, 

the American Heart Association highlights that irregular 

heart rate and oxygen deprivation are early indicators of 

severe cardiac events. 

Existing driver monitoring systems rely mainly on: 

• Wearable devices (low compliance in commercial 

drivers) 

• Camera-based drowsiness detection (affected by 

lighting and occlusion) 

• Steering behavior analysis (indirect measurement) 

To overcome these limitations, Safe Drive+ 2.0 

introduces an embedded, non-intrusive, multi-point 

sensing system integrated into vehicle components. 

 

2. LITERATURE SURVEY 

Several studies have explored driver health and safety 

monitoring: 

1. Wearable ECG and pulse monitoring systems provide 

accurate readings but suffer from driver non-compliance. 

2. Camera-based systems using computer vision detect 

drowsiness but are affected by environmental factors. 
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3. IoT-based health monitoring systems using ESP32 

and GSM have shown promising results in remote patient 

monitoring. 

4. Steering wheel-based pulse sensors have been 

proposed but lacked redundancy mechanisms. 

5. Temperature-based fatigue detection systems are 

limited to environmental monitoring only. 

 

Research guidelines from: 

• Centers for Disease Control and Prevention 

• World Health Organization 

• American Heart Association 

provide medically validated thresholds used in this 

system. 

 

3. PROBLEM STATEMENT 

Heavy vehicle accidents caused by sudden driver health 

emergencies pose significant risks to life and property. 

Existing monitoring systems: 

• Depend on driver compliance (wearables) 

• Are environment-sensitive (camera-based) 

• Lack multi-point validation 

• Do not provide automatic emergency escalation 

 

There is a need for a reliable, embedded, real-time health 

monitoring system that: 

• Works non-intrusively 

• Validates driver presence 

• Minimizes false alarms 

• Enables emergency communication 

• Supports fleet-wide monitoring 

 

4. PROPOSED SYSTEM 

Safe Drive+ 2.0 integrates health monitoring directly 

into vehicle contact points: 

4.1 Steering Wheel Module 

• MAX30102 sensor for HR and SpO₂ 

• IR/pressure sensor for grip detection 

4.2 Seat Module 

• LM35/DS18B20 sensors for body and cabin 

temperature 

• Pressure sensor for occupancy detection 

4.3 Seat Belt Module 

• Fastening detection switch 

• Redundant contact sensing 

4.4 Control & Communication 

• ESP32 microcontroller 

• GSM module for SMS alert 

• GPS module for location tracking 

• SD card module for data logging 

• Buzzer + RGB LED for local alert 

 

5. FLOWCHART 

The flowchart represents the logical sequence of 

operations performed by the Safe Drive+ 2.0 multi-point 

driver health monitoring system.  

 

It ensures that health monitoring is activated only when 

valid driver presence is confirmed and follows a 

structured two-level emergency response mechanism. 

 

1. Driver Presence Detection Stage 

The system begins with presence validation using three 

independent checkpoints: 

• Steering wheel contact (Pressure / IR sensor) 

• Seat occupancy detection (Pressure sensor) 

• Seat belt fastening detection (Switch / Sensor) 

Decision Block: “All 3 present?” 

• If NO → The system enters Standby Mode (No 

health monitoring is activated). 

• If YES → The system proceeds to enable health 

monitoring sensors. 

 

This multi-point validation significantly reduces false 

triggering and ensures monitoring only when the driver 

is actively operating the vehicle. 

 

2. Health Monitoring Activation 

Once presence is confirmed, the following sensors are 

enabled: 

• MAX30102 → Measures Heart Rate (HR) and 

Oxygen Saturation (SpO₂) 

• LM35 / DS18B20 → Measures Body Temperature 

and Cabin Temperature 

The collected data is transmitted to the ESP32 

microcontroller for processing. 
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3. Signal Processing and Threshold Detection 

The ESP32 performs: 

• Noise filtering 

• Signal averaging 

• Threshold comparison 

Medical thresholds are based on guidelines from: 

• World Health Organization 

• Centers for Disease Control and Prevention 

• American Heart Association 

Threshold Conditions: 

• HR < 45 bpm or > 120 bpm 

• SpO₂ ≤ 90% 

• Body Temp < 35°C or > 38.6°C 

• Cabin Temp > 40°C 

 

4. Vital Status Decision 

Decision Block: “Vitals normal?” 

   If YES: 

• Data is logged to SD card with timestamp. 

• System continues monitoring in loop. 

• No alerts are generated. 

  If NO: 

• System initiates Local Alert Stage. 

 

5. Local Alert Mechanism (Stage 1 Safety) 

The following actions occur: 

• Buzzer activated 

• RGB LED indicator turned ON 

• Driver acknowledge/reset button enabled 

This gives the driver an opportunity to respond in case 

of minor or temporary abnormalities. 

 

6. Driver Acknowledgement Check 

Decision Block: “Driver acknowledged?” 

   If YES: 

• Alert is reset 

• Data logged to SD card 

• Monitoring continues 

  If NO: 

• System escalates to Emergency Communication 

Stage 

 

7. Emergency Escalation (Stage 2 Safety) 

The GSM module (SIM800L) is activated: 

1. System prepares emergency SMS 

2. GPS module (NEO-6M) obtains location fix 

3. SMS sent to registered emergency contact or fleet 

manager 

SMS Contains: 

• Abnormal HR value 

• SpO₂ level 

• Temperature reading 

• GPS location link 

This ensures rapid medical assistance and fleet 

intervention. 

 

8. Data Logging Module 

Throughout the process: 

• All readings are stored in the SD card 

• Timestamped records are maintained 

• Enables post-trip health analysis and predictive 

monitoring 

 

9. Power Management Block 

The system operates using: 

• 12V / 24V vehicle battery 

• DC-DC converter to 5V and 3.3V 

• Surge protection for automotive environments 

This ensures stable operation even during voltage 

fluctuations. 
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6. SYSTEM ARCHITECTURE 

The system architecture of Safe Drive+ 2.0 follows a 

modular, multi-layer embedded design integrating 

sensing, processing, alerting, communication, and power 

management units to ensure reliable real-time driver 

health monitoring in heavy vehicles.  

The sensing layer consists of MAX30102 sensors 

embedded in the steering wheel and optionally 

integrated into the seat belt to measure heart rate (HR) 

and oxygen saturation (SpO₂), along with temperature 

sensors (LM35/DS18B20) installed in the driver’s seat 

to monitor both body temperature and cabin 

temperature.  

These sensors transmit physiological and environmental 

data to the ESP32 microcontroller, which functions as 

the central processing unit. The ESP32 performs signal 

conditioning, filtering, and threshold comparison based 

on medically validated guidelines from the World Health 

Organization and the American Heart Association. 

 

 
Upon detection of abnormal parameters, the alert layer 

activates a local warning system comprising a buzzer 

and LED indicators to notify the driver.  

If the driver fails to acknowledge the alert, the 

communication layer is triggered, where the SIM800L 

GSM module sends an emergency SMS containing vital 

readings and location details obtained from the NEO-6M 

GPS module to pre-registered emergency contacts or 

fleet managers.  

The entire architecture operates on the vehicle’s 

12V/24V supply, regulated to 5V and 3.3V with surge 

protection for automotive reliability. This integrated 

architecture ensures accurate, redundant, and non-

intrusive health monitoring while enabling rapid 

emergency response and fleet-level safety management. 

 

7. RESULTS AND DISCUSSION 

he Safe Drive+ 2.0 prototype was experimentally 

evaluated under controlled laboratory and simulated 

vehicle conditions to validate sensor accuracy, response 

time, system reliability, and emergency communication 

efficiency.  

The MAX30102 sensor demonstrated an average heart 

rate measurement accuracy of ±2 bpm and SpO₂ 

accuracy within ±2% when compared with a calibrated 

medical pulse oximeter. The LM35/DS18B20 

temperature sensors showed an accuracy deviation of 

less than ±0.5°C under varying cabin conditions.  

The ESP32 microcontroller effectively filtered noise 

caused by vehicle vibration and power fluctuations, 

ensuring stable signal acquisition. Presence validation 

through multi-point sensing (steering, seat, and seat belt) 

reduced false alarms by approximately 35–40% 

compared to single-point detection systems.  

The two-step safety mechanism proved highly effective; 

local alerts provided the driver an opportunity to 

respond, while GSM-based escalation ensured 

emergency communication within 8–15 seconds of non-

acknowledgment. GPS acquisition using NEO-6M 

achieved reliable location accuracy within 3–5 meters in 

open environments.  

Continuous SD card logging enabled long-term trend 

analysis, supporting preventive fleet health management. 

Overall, the results indicate that Safe Drive+ 2.0 offers a 

reliable, low-cost, and retrofit-compatible solution for 

heavy vehicle driver health monitoring, with strong 

potential for reducing accident risks caused by sudden 

medical emergencies. 

  

8. CONCLUSION 

Safe Drive+ 2.0 presents a robust, multi-point, real-time 

health monitoring solution for heavy vehicle drivers. By 

integrating sensing modules into the steering wheel, 

seat, and seat belt, the system ensures reliable and non-

intrusive health tracking. 

The two-step alert mechanism significantly improves 

emergency response efficiency, while SD card logging 

enables long-term fleet health analytics. The system’s 

low-cost and retrofit-friendly design make it suitable for 

large-scale deployment in trucks, buses, and industrial 

vehicles. 
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Future enhancements may include: 

• Cloud-based IoT dashboard 

• AI-based anomaly prediction 

• Automatic vehicle speed control integration 

Safe Drive+ 2.0 contributes toward proactive road safety 

and intelligent fleet management systems. 
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