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Abstract

The increasing need for real-time health monitoring solutions has led to the development of innovative devices that can
continually track vital signs. By facilitating prompt interventions, lessening the workload for medical staff, and
enhancing patient outcomes, these platforms have the potential to completely transform healthcare administration. The
goal of the health monitoring system discussed in this paper is to precisely measure vital signs, such as heart rate and
body temperature, which are important markers of a person's health.

To accomplish its goals, the suggested system uses two main approaches: wireless connection for remote monitoring
and sensor-based data collecting. A microprocessor is seamlessly integrated with temperature and heart rate sensors
to guarantee accurate data collection. A wireless connection module is then used to send this gathered data to a remote
server for additional analysis and storage. The system is appropriate for both clinical and home healthcare settings
because of its design, which makes real-time monitoring easier.

With a heart rate fluctuation of less than 2%, experimental results confirm the system's dependability and highlight its
outstanding accuracy. Incorporating cutting-edge sensors and wireless modules guarantees accessibility and user-
friendliness while also improving system efficiency. This study highlights the potential of such systems to bridge the
gap between patients and healthcare providers, offering a scalable and cost-effective solution for continuous health
monitoring in various settings

Keywords: Real-Time Health Monitoring; Vital Signs Tracking; Heart Rate Sensor; Body Temperature Measurement;
Wireless Communication; Sensor-Based Data Collection

1. Introduction

The increasing incidence of chronic illnesses and the demand for preventative treatment have made health monitoring
more crucial in the modern day. Conventional health assessment techniques frequently depend on routine hospital
visits. Vital sign monitoring may now be done continuously and in real time by the integration Internet of Things (1oT)
into healthcare. This paper describes the creation of a health monitoring system that makes use of the ESP32
microcontroller. The system's primary objective is to track vital signs such as blood oxygen saturation (Sp02), body
temperature, and heart rate. Accurate data collection is provided by the system by using the DHT11 sensor for
temperature readings and the MAX30100 sensor for pulse and SpO2 measurements. Users can monitor their current
state of health in real time by processing and displaying the information gathered on a Lcd screen. The ESP32
microcontroller is a good choice for future developments, such cloud connectivity for remote health monitoring. This
technology gives consumers the ability to gain control of their health by giving them instant access to important health
metrics. The system design, methodology, results of experiments, and potential implications of this health monitoring
solution are described in depth in the following sections. With this research, we hope to improve overall health
outcomes and illustrate the advantages of incorporating loT technologies in personal health management.
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2. Material and methods

The design, implementation, and mathematical algorithms used in the health monitoring system are described in this
section. The three primary parts of the system are the wireless communication module, the sensor network, and the
Blynk-based real-time mobile monitoring.

2.1. System Architecture

The suggested health monitoring system monitors essential metrics including body temperature and heart rate. There
are three primary modules in the architecture:

2.1.1. Sensor Module

The temperature sensor (LM35) and heart rate sensor (MAX30100) are utilized to collect physiological data. An Arduino
Uno microcontroller, which manages data filtering and signal processing, is interfaced with the sensors.

2.1.2. Wireless Communication Module

Sensor data can be wirelessly transmitted to a distant cloud platform for analysis and storage using the ESP8266 Wi-Fi
module. The Blynk mobile app is then used to display the processed data in real-time.

2.1.3. Cloud-Based Data Storage

For long-term archiving and additional analysis, data is transferred to cloud platforms such as Firebase or Thing Speak.
Healthcare providers can also monitor patients remotely thanks to the cloud.

2.2. Data Acquisition and Processing

Heart Rate Calculation: Photoplethysmography (PPG) is used by the heart rate sensor to measure the pulse signal. The
peak detection algorithm is used to detect pulse beats after the signal has been filtered to remove noise. The following
formula is used to determine heart rate (HR):

60
B Tavg

where, based on the peaks in the PPG waveform that were found, Tavg is the average time (in seconds) between two
successive heartbeats.

Temperature Measurement: Body temperature is expressed in degrees Celsius using the LM35 sensor. The temperature
and the sensor output voltage are directly proportional. The following formula is used to convert the measured voltage
v (in millivolts) to temperature T (in ° C).

v
T= —
10

where V is the sensor's output voltage in millivolts, and the factor 10 converts it into degrees Celsius.

2.3. Wireless Data Transmission

The ESP8266 Wi-Fi module connects to the local network and uses the HTTP protocol to transfer the processed sensor
data to the cloud platform. Prior to transmission, the data is structured into JSON objects to guarantee effective
communication. Using HTTPS standards ensures secure data transmission while safeguarding patient privacy and
thwarting illegal access

2.4. Mobile Application- Blynk

Real-time data visualization and monitoring are done with the help of the Blynk smartphone application. The Blynk
platform allows users to access sensor data that has been transmitted to the cloud and sees body temperature and heart
rate values on an easy-to-use dashboard. When some health metrics—like a high heart rate or unusual body
temperature—exceed predetermined thresholds, the app also sends out notification notifications.
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2.5. Algorithm for Data Filtering
Because of motion distortions, noise is frequently present in the heart rate data. The High-Pass Filter (LPF) is used to
remove noise at high frequencies. The following equation is used to obtain the filtered signal y[n]:

y[n]=(1-a) y[n-1] +ax[n]

where the filtered signal from the previous sample is represented by y[n-1], the raw signal from the current sample is
represented by x[n], and the smoothing factor, ¢, is usually between 0.1 and 0.5. The heart rate is then determined via
peak detection using the filtered signal.

2.6. Experimental Setup

For a week, five individuals were under constant observation to assess the effectiveness of the method. Data from
approved medical devices was compared with the sensor readings from the system. Measurements were made of
important performance metrics as battery life, latency, and measurement accuracy.

2.7. Performance Metrics

2.7.1. Accuracy

With a temperature variance of only +0.3°C and a heart rate deviation of less than 2% from clinical-grade equipment,
the system attained an accuracy of 98%.

2.7.2. Latency

Less than two seconds passed between the time of data gathering and the cloud update, allowing for real-time
monitoring.

2.7.3. Battery Life

Tests of power consumption indicated that a 2000 mAh battery could power the system continuously for up to eight
hours.

Health Monitoring System Flowchart
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Figure 1 Health Monitoring System Flowchart
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Figure 2 Simulation Circuit Diagram

3. Results

3.1. Accuracy

Heart rate monitoring showed an average error of 1.8% when compared to clinical-grade pulse oximeters.
Temperature measurement using the LM35 sensor had a deviation of only #0.3°C from standard medical thermometers,
within clinically acceptable limits.

3.2. Latency

The average system latency was 1.85 seconds, ensuring real-time updates in the Blynk mobile application.

3.3. Battery Performance

With a 2000 mAh battery, the system operated continuously for up to 8 hours, demonstrating suitability for extended
usage.

3.4. User Interface

The Blynk app provided an intuitive dashboard for real-time health data visualization and triggered notifications when
health metrics exceeded predefined thresholds (e.g., heart rate > 100 BPM or temperature > 38°C).

4. Discussion

4.1. System Performance

The system demonstrated high reliability in monitoring vital signs with minimal error rates. The filtering techniques
reduced noise effectively, resulting in accurate data acquisition.

4.2. Clinical Relevance

The error margins (+0.3°C for temperature and 1.8% for heart rate) align with medical device standards, ensuring its
feasibility as a supplementary health monitoring tool.

4.3. Real-Time Monitoring

The system's low latency and timely notifications improve the ability to act on critical health events, which is essential
for both hospital and home care settings.
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4.4. Portability

Compact design and prolonged battery life make it suitable for various environments, from daily activities to remote
patient monitoring.

4.5. Limitations

Enhancing battery efficiency and exploring advanced analytics for predictive health insights could further improve the
system.

This health monitoring system provides a foundation for integrating [oT into personal healthcare, offering accurate,
efficient, and user-friendly solutions for real-time health tracking.

Table 1 Heart Rate Comparison

Test Subject Medical Device (BPM) System Reading (BPM) Error (%)
Subject 1 75 76 1.33
Subject 2 82 83 1.22
Subject 3 90 88 2.22
Subject 4 70 71 1.43
Subject 5 65 64 1.54

Table 2 Temperature Comparison

Test Subject Medical Device (°C) System Reading (°C) Error (°C)
Subject 1 36.5 36.7 0.2
Subject 2 37.0 36.8 0.2
Subject 3 38.5 38.3 0.2
Subject 4 36.2 36.4 0.2
Subject 5 37.8 37.5 0.3

Heart Rate Comparison
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Figure 3 Heart Rate Comparison: Displays system vs. medical device readings for heart rate across all test subjects
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Temperature Measurement Comparison
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Figure 4 Temperature Comparison: Highlights system vs. medical device readings for temperature across test
subjects

5. Conclusion

The health monitoring system developed in this study provides a reliable and efficient solution for real-time tracking of
vital signs, including heart rate and body temperature. With an average error of 1.8% for heart rate and a temperature
variance of #0.3°C, the system matches the accuracy of clinical-grade devices, making it a valuable tool for
supplementary healthcare monitoring.

The integration of [oT technologies, including the ESP32 microcontroller and the Blynk application, ensures real-time
data visualization with a low latency of 1.85 seconds, enabling timely decision-making in both home and hospital care
settings. The system's portability and extended battery life of 8 hours further enhance its usability across various
environments, from routine monitoring to emergency applications.

This project successfully demonstrates the potential of combining IoT and sensor-based technologies for personal
health management, offering a cost-effective and scalable approach. Future improvements could focus on enhancing
battery efficiency and incorporating advanced analytics for predictive health insights, further bridging the gap between
traditional healthcare and modern technological advancements.

By empowering users with immediate access to critical health metrics, this system contributes to proactive health
management and improved healthcare outcomes, showcasing its value in addressing the growing demand for efficient
remote monitoring solutions.
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