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Abstract

Heart problems are a major health concern, often going unnoticed until they become serious.
Regular checkups help, but they are not always accessible. This project introduces a smartwatch
that continuously monitors heart rate in real-time using PPG and ECG sensors. It detects
abnormalities instantly and, if readings exceed predefined thresholds, activates a buzzer and
sends alerts and location of the user via Bluetooth to emergency contacts through a mobile app.
Built with an energy-efficient NodeMCU and a compact design, this smartwatch ensures reliable
performance. It offers an easy-to-use solution for proactive heart health management, providing
early warnings and enabling timely action to prevent serious cardiovascular conditions.

Keywords:
Real-time monitoring, Heart rate, ECG, PPG, SpO:, NodeMCU, GPS, Bluetooth, Wearable
device, Healthcare.

1.Introduction

In today’s fast-paced world, many people overlook early signs of heart issues until it's too late.
Although regular medical checkups are important for identifying cardiovascular problems, they
aren't always practical or readily available for everyone. Busy schedules, limited access to
healthcare, and the often-silent nature of heart conditions make early detection difficult. This
situation calls for an innovative, always-available solution to monitor heart health consistently
and effectively. This project presents a smartwatch created particularly for heart rate monitoring
in real time. It uses both ECG and PPG sensors to continually monitor the user's heart rate and
spot any unusual patterns. The device immediately alerts the user with a buzzer when it detects
an irregularity or when readings exceed predefined safety levels. At the same time, it sends a
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Bluetooth-enabled notification—along with the user’s GPS location—to a connected mobile app,
notifying emergency contacts.

Research Objectives and Methodology

* Real-Time Heart Rate Monitoring: To continuously monitor heart rate using PPG and ECG
sensors and detect abnormal variations in real-time.

* Instant Emergency Alerts: To warn emergency contacts when abnormal heart rates are detected,
a buzzer will activate, and a Bluetooth alert will be sent to a mobile application.

* Compact and Energy-Efficient Design: To use NodeMCU to create an accessible, lowpower
smartwatch that will have a long battery life and dependable operation for constant heart
monitoring.

2. Literature Survey

Recent studies have explored combining multiple sensors to improve heart monitoring accuracy.
A work published in Springer (2023) presented heartbeat detection using both ECG and PPG
signals with wavelet transform. This approach enhanced detection accuracy by leveraging two
physiological signals, though it suffered from high power consumption due to the complexity of
processing, making it less suitable for low-power wearable devices.

Another study, reported in Frontiers in Cardiovascular Medicine (2023), proposed a smartwatch
design for detecting atrial fibrillation. It employed both ECG and PPG sensors to achieve higher
accuracy in identifying abnormal rhythms. However, its application was limited as it could only
detect atrial fibrillation, restricting its broader use in real-time cardiovascular monitoring.

A more recent work in the LatlIA Journal (2024) focused on early heart attack detection using
ECG and PPG sensors. The system continuously monitored vital parameters and provided
mobile alerts in emergencies, improving response time. While effective in concept, the major
drawback was its high energy usage, highlighting the need for optimized power management in
future wearable health monitoring devices.

3. Methodology
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This chapter describes the methodology used to develop an automatic heart monitoring system. It
covers the design, hardware, and software implementation, as well as the operational workflow.
The system uses ECG and PPG sensors to monitor heart activity, heart rate, and SpO2 levels. It
also integrates GPS and Bluetooth for real-time emergency alerts, ensuring quick response in
case of irregularities.

4. Experimental Setup and Implementation

STEP 1: Initialization

The system powers up and sets all components ready for monitoring. The ECG and PPG sensors
are prepared for heart activity and SpO: measurement, while GPS and Bluetooth modules are
activated to enable location tracking and communication with the mobile app.

STEP 2: ECG Data Collection & Analysis

The ECG sensor continuously records heart signals. The system’s algorithm processes these
signals to detect irregular rhythms such as arrhythmias, sudden spikes, or drops that may indicate
abnormal heart activity.

STEP 3: PPG Data Collection

The PPG sensor measures changes in blood volume to calculate the user’s heart rate and blood
oxygen saturation (SpOz:). This provides additional insight into cardiovascular and respiratory
health.

STEP 4: Health Status Check

All collected data is compared against safe thresholds. The system verifies whether the ECG
patterns are normal, the heart rate is within a healthy range, and SpO: levels remain stable. Any
deviation flags a potential health risk.

STEP 5: Emergency Alert Actions

If abnormalities are detected, the system immediately responds. A buzzer sounds to warn the
user, and Bluetooth transmits detailed health data along with GPS coordinates to the mobile app,
enabling quick medical response.

STEP 6: Data Management & Continuous Monitoring

The system logs ECG, PPG, heart rate, SpO: readings, and any alerts for long-term tracking.
Data can also be displayed in real-time. Once recorded, the system restarts the monitoring cycle,
ensuring continuous health supervision.

5. Result
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Health Tracker with Location Module

A PCB-based system using ESP8266, ECG, PPG, and GPS monitors vital signs and wirelessly
transmits heart rate, SpO-, and location in real time.
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Health and GPS Data Display

The Arduino IDE runs a health monitoring system on a NodeMCU , capturing ECG, heart rate,
SpO:, and GPS data for the Wellbeat app. The serial monitor displays real-time values, with
alerts like “No finger detected” when the sensor isn’t in contact.

Health Dashboard
@ w Heart Rate: 144 BPM
A & 5pO,level: 86%
< ul Daily Avg BPM: 144

g’g ¥ Location: --

View on Google Maps
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Detected! Sending Alert...

ISSN: 2583-9055 ud/

— 156


https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)

Vol 3, No 11, Nov 2025

PP 153-158

/r,/.

o
Ve
o

0 o
o, <
Y pugLicK

The screenshot displays a health dashboard with live data including heart rate (144 BPM),
SpO: level (86%), and a warning for abnormal vitals.

Overview

The implemented system successfully captures and displays vital health parameters
and location data using NodeMCU. The heart rate and SpO2 levels are monitored using the
MAX30105 sensor, while GPS coordinates, speed, and satellite data are accurately retrieved
through the GPS module. Output readings are printed in real-time via the Arduino Serial
Monitor, confirming that the hardware and software integration functions as intended for
remote health and location monitoring.

Conclusion

Our project has successfully implemented a real-time heart monitoring and emergency alert
system using ECG and PPG sensors integrated with a NodeMCU, GPS module, and mobile
application. By continuously monitoring heart activity, heart rate, and SpO2 levels, the system
effectively detects abnormalities such as arrhythmia s and irregular heart rates. In critical
situations, it triggers immediate alerts with the user’s health data and location sent wirelessly via
Wi-Fi to the connected mobile application, ensuring timely assistance. This innovation offers a
reliable, cost-effective, and efficient solution for continuous personal health monitoring and rapid
response in cardiac emergencies.
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