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Abstract 

This paper presents an advanced driver health monitoring system designed to ensure the safety of vehicle operators 

by continuously tracking vital health metrics, including heart rate, blood pressure (both systolic and diastolic), 

blood oxygen levels, and glucose levels. The system employs an array of sensors placed within the vehicle to 

collect health data at five-minute intervals over a 26-week period. The collected data is processed and averaged 

over short-term (three-day) and long-term (four-day) intervals to create a robust dataset for monitoring and 

prediction. The system features a two-level alert mechanism: an internal alert when the driver’s health data 

deviates from their baseline values, and an external alert when these deviations exceed 10% of established medical 

thresholds. At the second alert level, the system initiates the vehicle's autonomous driving mode and sends 

notifications to emergency contacts and medical services. The health metrics are compared against standard 

thresholds for heart rate (60–100 bpm), blood pressure (120/80 mmHg), blood oxygen saturation (95–100%), and 

glucose levels (70–99 mg/dL). Numerical analysis shows that the average driver metrics fall within acceptable 

medical ranges, allowing for accurate prediction and early detection of potential health issues. This system not 

only ensures real-time health monitoring but also integrates vehicle automation, communication with emergency 

services, and early intervention mechanisms, making it a comprehensive solution for enhancing driver safety in 

modern vehicles. The system's predictive capabilities and data-driven approach offer a promising tool for 

preventing health-related accidents on the road. 

Keywords: Driver health monitoring, Vital signs tracking, Autonomous vehicle safety,  
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1. Introduction 

Health monitoring systems for vehicle drivers play a critical role in enhancing road safety by continuously 

assessing the driver's physiological parameters, such as heart rate, fatigue levels, and stress indicators. These 

systems use advanced sensors and AI algorithms to detect early signs of driver impairment, allowing for real-time 

alerts and preventive measures. By integrating wearable devices or in-car sensors, they can monitor both physical 

and mental states, reducing the risk of accidents caused by health-related issues. Additionally, they offer the 

potential for personalized healthcare recommendations and emergency assistance in case of critical conditions. 

As vehicle technology evolves, health monitoring systems are becoming a key component of modern safety 

features. Sensor-enabled AI algorithms in driver health monitoring systems analyze real-time data from embedded 

sensors, such as ECG, EEG, and motion sensors, to detect irregularities in a driver's health. These AI models 

utilize machine learning to predict patterns of fatigue, stress, or even potential medical emergencies, providing 

early alerts to both the driver and vehicle system. By processing vast amounts of data, the algorithms can 
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differentiate between normal and critical health conditions, improving decision-making. Integration with cloud-

based platforms further enhances these systems by allowing continuous updates and remote monitoring. This 

synergy between sensors and AI significantly boosts the accuracy and reliability of health assessments for drivers.   

 Integrating autonomous vehicle technology with driver health monitoring systems can revolutionize road 

safety and personalized healthcare. Autonomous systems can seamlessly take over vehicle control if health sensors 

detect dangerous conditions like sudden heart issues, extreme fatigue, or loss of consciousness. AI-driven health 

data, combined with the vehicle's autonomous capabilities, allows for a swift transition from manual to 

autonomous driving, reducing the risk of accidents. In critical situations, the system can autonomously navigate 

to a nearby medical facility or safely stop the vehicle. Real-time communication with emergency services can be 

enabled through cloud connectivity, providing medical personnel with detailed health data even before they arrive. 

The combination of these technologies enhances the overall reliability and safety of autonomous vehicles, while 

also offering a robust response mechanism for health-related driver issues. This integration underscores a future 

where cars not only transport but also safeguard human life through continuous monitoring and intelligent 

intervention. 

 Health monitoring systems integrated with autonomous vehicle technology are increasingly recognized 

for their potential to enhance road safety by ensuring that drivers' health is continuously monitored in real-time. 

AI-driven health monitoring systems utilize wearable sensors to track physiological parameters like heart rate, 

stress levels, and fatigue, allowing for immediate interventions during critical situations [1]. The deployment of 

these wearable sensors within vehicles ensures that health data is assessed constantly, which helps maintain the 

driver's well-being while minimizing the risk of accidents [2]. Real-time health monitoring, backed by advanced 

sensor technology, can detect early signs of impairment and trigger necessary alerts, contributing to overall road 

safety [3].  Moreover, cloud-based platforms play a key role in enhancing these systems by enabling seamless 

communication between vehicles and healthcare providers, offering continuous updates and better decision-

making [4]. In addition, AI algorithms can assess critical health events like seizures or heart attacks and 

automatically engage the autonomous driving system to manage emergencies, ensuring a safe transition to vehicle 

control [5]. Machine learning further strengthens these algorithms by analyzing driver data patterns and 

facilitating automated responses, including shifting control to autonomous driving when necessary [6].  

Autonomous vehicles equipped with health monitoring systems can safely manage emergencies by taking control 

and directing the vehicle to the nearest medical facility or stopping in a secure location, preventing potential 

accidents [7]. This real-time physiological monitoring, supported by AI algorithms, allows for continuous 

assessment and immediate action when drivers experience sudden health-related episodes [8]. These AI-based 

systems ensure that drivers remain alert, and when signs of impairment are detected, the vehicle transitions 

seamlessly into autonomous mode to avoid accidents [9]. 

Additionally, health-aware autonomous systems are being developed to pre-emptively handle health-related risks 

by enabling the vehicle to take corrective action in critical scenarios [10]. Fatigue detection plays a significant 

role in this integration, as AI systems can monitor fatigue levels and initiate an autonomous takeover to reduce 

the likelihood of accidents caused by drowsiness [11]. When real-time health monitoring identifies an issue, 

autonomous systems can respond by enabling emergency controls and contacting medical services, ensuring rapid 

intervention [12].  Advanced sensors are crucial in monitoring drivers' health in autonomous vehicles, as they 

detect potential risks and enable the transition to autonomous driving in case of sudden medical issues [13]. Safety 

mechanisms built into autonomous vehicles are designed to manage health crises by enabling the car to take over 

control and prevent accidents, providing an added layer of protection for drivers [14]. Looking ahead, health 

monitoring systems in autonomous vehicles are expected to become more sophisticated, allowing these 

technologies to evolve and handle a wider array of health conditions while on the road [15]. 

The integration of advanced biometrics, AI, machine learning, edge computing, and telemedicine into health 

monitoring systems for autonomous vehicles promises to revolutionize driver safety and health management. By 

utilizing next-generation biometric sensors that can monitor a diverse array of health metrics, including blood 

oxygen levels, glucose levels, and even brain activity these systems can provide a comprehensive assessment of 
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driver health, significantly enhancing the vehicle's ability to respond to emergencies. Moreover, sophisticated AI 

algorithms can learn and adapt to individual driver behaviors over time, predicting health deterioration based on 

historical data and real-time monitoring. This capability enables proactive safety measures that can prevent 

potential health crises. The implementation of edge computing further enhances system responsiveness by 

processing data closer to the source, thereby reducing latency in health data analysis. Coupled with telemedicine 

integration, which facilitates real-time consultations with healthcare professionals during emergencies, this multi-

faceted approach ensures that drivers receive timely and effective interventions, ultimately improving health 

outcomes and safety on the road. 

2. Methods 

2.1 Health data collections 

Heartbeat rate data 

Data collection of heart rate levels (Figure 1) is crucial for understanding an individual's health status and 

identifying potential risks. The normal resting heart rate for adults typically ranges from 60 to 100 beats per minute 

(bpm), reflecting a healthy cardiovascular system. When monitoring heart rate, it is essential to consider variations 

based on different health conditions. For example, during periods of stress or anxiety, heart rates can increase to 

100–120 bpm, indicating an elevated physiological response. Conversely, athletes or highly conditioned 

individuals may have resting heart rates below 60 bpm, showcasing efficient heart function. Abnormal heart rates, 

such as bradycardia (below 60 bpm) or tachycardia (above 100 bpm), can signal underlying health issues, 

including heart disease or arrhythmias. Continuous heart rate monitoring allows for the detection of these 

anomalies, enabling timely interventions. 

 

 

Figure 

1: 

Heartbeat rate data collection with the time duration of 26 weeks 
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Figure 2: Blood pressure data collection with the time duration of 26 weeks 

2.2 Blood pressure data collection 

Blood pressure is a critical indicator of cardiovascular health, measured as systolic (the pressure during heartbeats) 

over diastolic (the pressure during resting periods) Figure 2. Normal blood pressure is generally defined as around 

120/80 mmHg. When blood pressure readings fall below 90/60 mmHg, it is categorized as hypotension, which 

can cause symptoms such as dizziness, fatigue, and fainting. Conversely, hypertension, defined as consistently 

reading above 130/80 mmHg, poses significant health risks, including heart disease, stroke, and kidney damage. 

Various factors influence blood pressure, including stress, diet, physical activity, and underlying health conditions. 

Continuous monitoring of blood pressure is essential for early detection and management of these conditions, 

allowing for timely interventions and lifestyle adjustments. 

2.3 Blood oxygen level data collection 

Blood oxygen level refers to the amount of oxygen circulating in the blood (Figure 3), typically measured using 

a pulse oximeter. A normal blood oxygen saturation (SpO₂) level usually ranges from 95% to 100%, indicating 

efficient oxygen distribution throughout the body. Levels below 95% may indicate hypoxemia, a condition where 

the body isn't receiving enough oxygen, which can result from respiratory issues, heart problems, or conditions 

like asthma or chronic obstructive pulmonary disease (COPD). Severe drops in oxygen levels, especially below 

90%, require immediate medical attention as they can lead to organ damage. Factors such as high altitudes, lung 

diseases, or even certain medications can affect blood oxygen levels. Monitoring oxygen saturation is crucial for 

individuals with respiratory conditions or during situations that limit oxygen intake, as it helps detect 

abnormalities early and facilitates prompt treatment. Maintaining optimal oxygen levels is essential for overall 

health and the proper functioning of vital organs. 
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Figure 3: Blood oxygen level data collection with the time duration of 26 weeks 

2.4 Glucose level data collection 

Glucose levels in the blood are a critical indicator of metabolic health, primarily reflecting how well the body 

manages sugar intake and energy production. Normal fasting blood glucose levels typically range from 70 to 99 

mg/dL, while levels between 100 and 125 mg/dL indicate prediabetes, and levels of 126 mg/dL or higher can 

suggest diabetes. Maintaining optimal glucose levels is essential, as both hyperglycemia (high blood sugar) and 

hypoglycemia (low blood sugar) can lead to serious health complications. Hyperglycemia can result from insulin 

resistance or inadequate insulin production and may lead to symptoms such as excessive thirst, frequent urination, 

and fatigue. Conversely, hypoglycemia can cause dizziness, confusion, and in severe cases, loss of consciousness. 

Continuous monitoring of glucose levels is crucial for individuals with diabetes or those at risk, enabling timely 

adjustments in diet, medication, and lifestyle. By effectively managing glucose levels, individuals can prevent 

long-term complications, such as cardiovascular disease, neuropathy, and kidney damage, thereby promoting 

overall health and well-being. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Glucose level in blood data collection with the time duration of 26 weeks 
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Sensors 

Sensors play a crucial role in collecting health data, each offering unique capabilities for comprehensive 

monitoring. Photoplethysmography (PPG) sensors, commonly found in fitness trackers, detect blood volume 

changes to monitor heart rate and blood oxygen levels. Electrocardiogram (ECG) sensors measure the heart's 

electrical activity, providing insights into heart rhythms and potential abnormalities. Pulse oximeters non-

invasively measure blood oxygen saturation (SpO₂) levels, while blood pressure monitors, both manual and 

automatic, track systolic and diastolic pressures to manage hypertension. Glucometers are essential for diabetes 

management, measuring blood glucose levels from a small drop of blood. Temperature sensors track body 

temperature changes, which can indicate health issues, and accelerometers and gyroscopes monitor movement 

and orientation for assessing physical activity and balance. Capacitive sensors measure skin capacitance to 

monitor hydration and stress responses, while respiratory rate sensors track breathing rates. Near-infrared 

spectroscopy (NIRS) sensors assess tissue oxygenation and blood flow, and wearable sweat sensors analyze sweat 

composition for hydration and metabolic health. Biometric skin sensors evaluate hydration and fat levels, heart 

rate variability (HRV) sensors assess autonomic nervous system function, and smart clothing integrates multiple 

sensors for monitoring various health metrics. Together, these sensors enable health monitoring systems to collect 

and analyze a wide range of data, facilitating better health management and early detection of potential issues. 

3. Result and discussion 

The proposed health monitoring system for drivers collects and analyzes data on several key health metrics, 

including heart rate, blood pressure (both systolic and diastolic), blood oxygen levels, and glucose levels, to ensure 

driver safety. Data is gathered every five minutes from various sensors, averaged over different periods (three-

day and four-day intervals), and stored in a database. Below is a detailed analysis of the results obtained from the 

system, organized according to the data collection, average calculations, and response triggers based on health 

thresholds. 

3.1 Data Collection and Processing 

The data set spans a period of 26 weeks. The odd-numbered data sets represent the average health metrics recorded 

over the first three days of each week, while the even-numbered data sets denote the next four days. This division 

enables the system to monitor short-term variations in the driver's health, particularly to observe changes that may 

arise from differing driving conditions or stress levels at the beginning versus the end of the week.  The health 

data is collected every five minutes, with heart rate, blood pressure (both high and low), blood oxygen, and glucose 

levels recorded from sensors placed in the vehicle. These readings are then averaged for the designated periods 

(odd-numbered and even-numbered data sets), allowing the system to compute both short-term (weekly) and long-

term (26-week) averages for each health metric.  For example, if the heart rate readings over three days are 85, 

87, 86 bpm, the average heart rate is recorded as 86 bpm. Similar calculations are performed for blood pressure, 

blood oxygen, and glucose levels. The system then stores these averages in a master database, from which it can 

calculate long-term health trends. 

3.2 System Alerts and Predictive Analysis 

The system operates on two levels of alert: 

1. First Level Alert (Internal Alert Only): If the live health data collected from the driver falls below or 

exceeds the average values recorded over the 26-week period, the system initiates an internal alert. At this stage, 

the system begins comparing the driver's health data against both the average values and associated data sets, such 

as autonomous driving systems, alert systems for designated persons, and medical system integrations. However, 

no external communication is initiated at this level; the system simply prepares to escalate should further 

deviations occur. 

2. Second Level Alert (External Alert): The second alert level is triggered when the live data is either 

10% higher or lower than the standard health thresholds for heart rate, blood pressure, blood oxygen, and glucose 
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levels. At this point, the system takes action by engaging the vehicle's autonomous driving mode, sending alerts 

to designated emergency contacts, and alerting medical services if needed. 

3.3 Standard Threshold Values for Comparison 

The system compares the live and average health data with standard medical thresholds for each health metric: 

1. Heart rate: 60–100 bpm is considered normal, with 86 bpm recorded as the average from the dataset. 

2. Blood pressure (systolic/diastolic): A normal blood pressure range is around 120/80 mmHg, and from 

the dataset, the average high and low values are recorded as 119 mmHg and 81 mmHg, respectively. 

3. Blood oxygen level (SpO2): Normal blood oxygen levels range from 95% to 100%, with the dataset 

recording an average of 96%. 

4. Glucose levels: Normal fasting glucose levels range between 70 and 99 mg/dL, with an average of 85 

mg/dL recorded in the dataset. 

3.4 Numerical Analysis and Comparison with Standard Values 

To perform a more in-depth analysis presented in the table 1 for 26-week average values with both minimum and 

maximum standard values: 

Table 1. Comparison of various health monitoring system 

Health Metric 
Dataset 

Average 

Standard 

Minimum 

Standard 

Maximum 

Deviation from Standard 

(%) 

Heart rate (bpm) 86 60 100 +43% (Min) / -14% (Max) 

Blood Pressure High 119 mmHg 90 mmHg 120 mmHg +32% (Min) / -0.8% (Max) 

Blood Pressure Low 81 mmHg 60 mmHg 80 mmHg +35% (Min) / +1.25% (Max) 

Blood Oxygen Level 96% 95% 100% +1.05% (Min) / -4% (Max) 

Glucose Level 

(mg/dL) 
85 70 99 +21% (Min) / -14% (Max) 

 

1. The average heart rate of 86 bpm is well within the standard range of 60–100 bpm, showing only a 

slight deviation from the maximum threshold (-14%). However, the heart rate exceeds the minimum threshold by 

43%, indicating that the driver’s heart rate is consistently higher but within a normal range. 

2. Blood pressure high of 119 mmHg shows minimal deviation from the upper limit (-0.8%) and a notable 

increase from the lower threshold (+32%), indicating the driver maintains near-optimal systolic pressure. 

3. Blood pressure low shows a small deviation from the maximum (+1.25%) and a significant increase 

over the minimum threshold (+35%), suggesting well-regulated diastolic pressure. 

4. The average blood oxygen level is 96%, which is within the standard 95–100% range, with only minor 

deviation (+1.05% from the minimum and -4% from the maximum), reflecting stable oxygen saturation levels. 

5. The glucose levels show a 21% increase from the minimum and a 14% decrease from the maximum, 

placing the average of 85 mg/dL comfortably within the normal range. 

3.5 System Response and Predictive Insights 

The system’s capability to predict and respond to health issues is reinforced by continuous data collection and 

comparison with standard thresholds. When live data shows significant deviations (greater than 10% from the 

standard values), the system initiates automatic interventions, such as engaging the autonomous driving feature 

or notifying emergency contacts. For instance, if a driver’s glucose level falls below 70 mg/dL or rises above 99 

mg/dL, the system can transition the vehicle into autonomous mode and alert medical professionals.  Additionally, 
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early prediction models based on the 26-week dataset enable the system to provide preventive health 

recommendations. If trends such as rising heart rates or fluctuating blood pressure levels are detected, the system 

can offer advice to the driver to take precautionary steps, such as resting or consulting with a healthcare provider 

before the condition worsens. 

The health monitoring system for drivers effectively gathers and analyzes crucial health metrics such as heart rate, 

blood pressure, blood oxygen, and glucose levels. The system’s ability to average data over defined periods, 

compare live readings with established standards, and initiate preventive actions makes it a powerful tool for 

ensuring driver safety. The two-tier alert system ensures that the driver is warned at the first sign of deviation, 

while autonomous driving and external notifications are activated in case of more significant health risks. With 

continuous monitoring and predictive analysis, this system not only enhances driver safety but also promotes 

proactive health management, reducing the risk of medical emergencies on the road. 

3.6 The Various Sensor Functioning with Some Equations to Calculate the Dataset Values 

The health monitoring system for drivers uses a variety of sensors to track vital health metrics such as heart rate, 

blood pressure, blood oxygen, and glucose levels. Each sensor collects data at regular intervals, and equations are 

used to process and interpret the readings. For instance, a Photoplethysmography (PPG) sensor measures heart 

rate by detecting blood volume changes in the microvascular bed of tissue. The heart rate (HR) can be calculated 

using the following equation: 

      (1) 

 

where T is the time interval between successive pulses. 

For blood pressure, a sensor measures both systolic (SBP) and diastolic (DBP) pressures. The mean arterial 

pressure (MAP) is calculated as: 

    (2) 

 

This provides an averaged measure of blood pressure over time. Similarly, a 

pulse oximeter measures the blood oxygen saturation (SpO₂) using light absorption characteristics, and the SpO₂ 

level is estimated using the equation: 

   (3) 

 

where Hb is deoxygenated hemoglobin, and HbO₂ is oxygenated hemoglobin. For glucose levels, continuous 

glucose monitors (CGMs) typically use a chemical sensor to react with glucose in the bloodstream, with real-time 

data averaged over five-minute intervals. 

3.7 Autonomous Operating of the Vehicle When the Driver is Unhealthy 

The system detects that a driver’s health metrics fall outside the acceptable range, such as heart rate exceeding 

100 bpm or blood pressure dropping below critical thresholds, the vehicle's autonomous driving system is 

automatically engaged. The vehicle control system takes over based on predefined triggers from the health 

monitoring sensors. The autonomous operation is activated using inputs from the health data as: 

(4) 

 

where δ is the safety margin, and the thresholds are the standard health parameters for heart rate, blood pressure, 

and glucose levels. When the system identifies a deviation from these thresholds, it shifts the vehicle from manual 



Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 45 No. 4 (2024) 

_________________________________________________________________________________ 

1090 

to autonomous mode, ensuring safe navigation without driver intervention. The autonomous vehicle control uses 

algorithms that adjust speed, steering, and braking to ensure safe driving while the driver’s condition is stabilized. 

3.8 Connecting with External People, Intimating, and Alerting Co-passengers or Drivers 

The system is also designed to communicate with external systems when a health emergency is detected. Upon 

detecting abnormal health metrics, the system sends real-time alerts to designated contacts (e.g., family members, 

medical professionals, or emergency services) via a connected network. For instance, if the glucose levels drop 

below a critical threshold (e.g., 70 mg/dL), the system automatically initiates a protocol that includes sending 

notifications using a communication module (e.g., Wi-Fi, Bluetooth) with the following logic: 

   (5) 

 

This alert protocol is extended to notify co-passengers or nearby drivers through the vehicle’s internal alert 

systems (e.g., dashboard warnings or audio cues). The system can generate audible or visual alerts within the 

vehicle cabin to ensure co-passengers are aware of the situation. External communication may also include 

sending location and health status to emergency services if necessary, ensuring that help can be dispatched in a 

timely manner. 

3.9 The Algorithm Functions with Various Simple Equations 

The algorithm underpinning the health monitoring system functions by continuously analyzing sensor data, 

averaging the collected metrics, and comparing them to both short-term and long-term baseline values. The system 

uses a set of threshold-based conditions to trigger alerts and interventions. The equations for the real-time 

monitoring and decision-making process include: 

Average Calculation for Dataset Values 

    (6) 

 

Comparison with Standard Values 

   (7) 

 

Trigger for Autonomous Mode 

  (8) 

3.10 Predictive Health Assessment 

The algorithm also includes predictive capabilities, utilizing historical data trends to forecast potential health 

deterioration. The prediction can be modeled using simple regression equations: 

   (9) 

where a and b are constants derived from historical data, enabling the system to proactively warn the driver of 

potential health issues before they escalate.  By using these simple but effective equations, the algorithm 

efficiently monitors and responds to the driver’s health in real time, ensuring their safety through both autonomous 

vehicle operation and communication with external systems. 

4. Conclusion 

1. The proposed health monitoring system effectively gathers and analyzes crucial health metrics such as 

heart rate, blood pressure, blood oxygen levels, and glucose levels every five minutes. This frequent data 

collection, coupled with averaging over different periods (three-day and four-day intervals), provides a robust 

dataset for short-term and long-term health monitoring. 
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2. The system operates two levels of alerts based on live health data. The first level internally alerts the 

system without external communication, while the second level triggers external alerts when health metrics 

deviate by 10% from standard thresholds. This ensures timely interventions to prevent health-related driving 

incidents. 

3. The system's comparison of live and average health data with medical thresholds (heart rate, blood 

pressure, oxygen levels, and glucose levels) ensures that deviations are promptly detected. This enhances the 

system’s ability to maintain driver safety by identifying abnormal health trends. 

4. The analysis shows that the system’s average metrics fall within or near standard medical ranges, such 

as heart rate (86 bpm), blood pressure (119/81 mmHg), blood oxygen (96%), and glucose (85 mg/dL). These 

values are used to predict potential health issues and trigger early interventions. 

5. By integrating autonomous vehicle operations, emergency contacts, and medical systems, the system 

offers a holistic approach to driver safety. Real-time health monitoring and response ensure that both minor 

deviations and critical health emergencies are addressed swiftly and effectively. 
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