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Abstract. This project deals with monitoring a patient's vital indicators in real
time, such as their respiratory and heart rates, and sending out alarms when ab-
errant readings are found. The system is appropriate for a range of healthcare
applications because it is affordable and simple to set up. The breathing and
heartbeat sensors reliably identify medical problems, and the RTC module
makes sure that medication reminders are sent out on time.The Wi-Fi module
enables wireless data transfer to a web server for remote monitoring and con-
trol, giving family members or medical professionals access to real-time health
data. User interaction and usability are improved by the addition of an LCD
display, buzzer alerts, and an adjustable reminder system. The ESP32 is the per-
fect choice for real-time health monitoring and Internet of Things-based medi-
cal applications because of its dual-core processing capabilities and IoT connec-
tivity, which increase the system's efficiency and dependability.
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1 Introduction

The identification and detection of important health metrics in patients is critical in
the medical industry, as unexpected changes in heartbeat and respiration rate might
signify catastrophic health issues. Since respiratory such as Coughing is a ubiquitous
symptom of pulmonary disease, especially for patients with COPD and asthma [2]
and cardiovascular conditions are the world's leading causes of death, ongoing health
monitoring systems are essential. At present, there are more than 860 million people
with chronic diseases [1]. Asthma and COPD exacerbation prompt around two million
visits to the emergency departments (EDs) annually in the United States [6]. With the
growth of IoT-based healthcare applications, there is a greater need than ever for real-
time health monitoring systems. In addition to being affordable and user-friendly, a
good health monitoring system must be able to measure critical indicators with accu-
racy. Real-time patient health tracking is made possible by integrating an ESP32 mi-
crocontroller with breathing and heartbeat sensors. This allows for the detection of
abnormal values and the sending of notifications.

The system makes use of an RTC module for medication reminders, an LCD display
for immediate feedback, and a Wi-Fi module for smooth data transfer to a cloud serv-
er, in addition to the ESP32's dual-core computing power. The system is the perfect
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IoT-based healthcare solution since it combines wireless connection, sophisticated
sensing technologies, and real-time alarm systems

2 Ease of use

2.1 Design

The ESP32 microcontroller's wireless capabilities and dual-core processor allow for
data transfer and remote access for ongoing health monitoring. To provide precise
real-time readings of critical parameters, the sound and heartbeat sensors are calibrat-
ed accurately. It is a dependable option for healthcare monitoring and support be-
cause of its well-structured design, which improves patient health tracking and medi-
cal reminders.

2.2 Easy to use

The ESP32-based Health Monitoring System uses a heartbeat sensor and a sound
sensor to continuously monitor vital signs. Real-time patient health updates are en-
sured by the dual-core CPU and Wi-Fi module, which enable smooth remote access
and data transfer. Both patients and caregivers will find the device easy to use be-
cause to its LCD display and user-friendly interface

2.3  Real-time Feedback

Health Monitoring System offers instant feedback on the patient's health state through
a responsive interface. Alerts are triggered by abnormal readings, enabling the early
identification of possible health hazards.Medication reminder solutions have become
a matter of concern in health-care research, as advancements in treatments and medi-
cation may be offset by patients' low compliance to medication schedule [7]. The
RTC module and HC-05 Bluetooth enable the system's medication reminder function,
which guarantees prompt medication ingestion and enhances patient adherence to
treatment regimens.

3 LITERATURE SURVEY

The increasing demand for real-time health monitoring systems has led to significant
advancements in loT-enabled medical devices. Effective health data monitoring has
been made possible by the combination of microcontrollers, sensors, and cloud plat-
forms. The research and advancements in medication reminders, IoT-based healthcare
solutions, and cardiac and respiratory monitoring are covered in the literature listed
below.

[1]. D. G. Kristiani et al., "The Measuring of Vital Signs Using Internet of Things
Technology (Heart Rate and Respiration)," 2019 International Seminar on Applica-



2328 K. S. Prasanna et al.

tion for Technology of Information and Communication (semantic), Semarang, Indo-
nesia, 2019.

This study introduces an Internet of Things (IoT)-based system for tracking vital
signs, such as respiration and heart rate. The technology continuously measures health
metrics using wearable sensors, sending the data to a cloud-based platform for remote
access. Although the study emphasizes the advantages of real-time monitoring, it also
draws attention to issues with sensor quality and the dependability of data transmis-
sion.

[2]. Caldero E. Nemati et al., "Estimation of the Lung Function Using Acoustic Fea-
tures of the Voluntary Cough," 2020 42nd Annual International Conference of the
IEEE Engineering in Medicine & Biology Society (EMBC).

This study offers an alternate method to conventional respiratory monitoring by inves-
tigating the assessment of lung function using the acoustic characteristics of voluntary
coughs. The device uses machine learning techniques to analyze cough noises in order
to detect respiratory problems and possible lung illnesses. The reliance on high-
quality audio input, which can be impacted by background noise and microphone
sensitivity, is a significant drawback identified in this study.

[3]. G. S. Bhat et al., "Machine Learning-Based Asthma Risk Prediction Using IoT
and Smartphone Applications," in IEEE Access, vol. 9.

This study offers an IoT and smartphone application-based machine learning method
for forecasting asthma risks. The device offers early warnings for possible asthma
attacks by examining environmental variables and breathing patterns. The paper
points out drawbacks, including the requirement for large training datasets and the
precision of environmental data.

4 PREEXISTING MODEL

Existing health monitoring systems, which use wearable sensors and microcontrollers,
track vital signs such as heart rate, temperature, and oxygen levels in real time. These
devices transmit data remotely via Wi-Fi or Bluetooth, enabling medical professionals
and caregivers to keep an eye on patients from a distance. These models have a num-
ber of drawbacks even if they offer insightful information about patient health.The
inability of predetermined threshold values for health measures to dynamically adjust
to the unique circumstances of each patient or shifting environmental elements is a
significant disadvantage.

5 PROPOSED MODEL

Our suggested loT-based Health Monitoring System combines an ESP32 microcon-
troller with a heartbeat and sound sensor to enable real-time health monitoring. This
model's goal is to meet the growing demand for a user-friendly, flexible, and reasona-
bly priced health monitoring system that can operate in a variety of settings. Our
solution provides a thorough and effective method of personal healthcare and remote
monitoring by utilizing the accuracy of sensors and the computing capacity of the
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ESP32.Heartbeat rate and sound level data are continuously gathered and updated by
the system, and they are shown on an LCD screen and transmitted to a web server for
remote access. Its capabilities are increased by integrating an RTC module with HC-
05 Bluetooth, which enables seamless wireless communication and timely medication
reminders.

5.1 Pulse detection

Including a heartbeat sensor (M485) is a crucial part of our suggested model. This
sensor detects changes in blood flow in the fingertip to provide an accurate pulse rate
reading. Its real-time heartbeat monitoring feature is essential for monitoring cardio-
vascular health and identifying irregularities.

5.2 Sound detection

By measuring the levels of ambient sound, the sound sensor (K'Y-038) is an essential
component of our system. It can track coughing patterns, distress signs, and respirato-
ry noises, giving important information about a user's health. The technology is help-
ful for patients who require constant monitoring since it can sound an alert if sound
levels surpass a predetermined threshold.

5.3  Cloud integration

To further enhance scalability and data management, our strategy incorporates the
cloud. For data processing, visualization, and storage, this enables seamless commu-
nication with cloud services.
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5.4  Block diagram
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The ESP-32 microcontroller, the central processing unit, is at the heart of the system.
With its dual-core architecture, it effectively processes commands, handles data from
several sensors, and guarantees seamless operation.The ESP-32 microcontroller's
integration with several sensors, such as a sound and heartbeat sensor, is shown in the
block diagram. Real-time ambient sound levels and a patient's heart rate are continu-
ously monitored by these sensors. Accurate data collection and fast processing are
guaranteed by the microcontroller. The wireless communication module, which is
attached to the ESP-32, enables the system to establish an internet connection. The
ESP-32 is linked to the HC-05 Bluetooth module for wireless communication, which
enables the system to send data to a distant device, such a smartphone. This allows
alerts and reminders for medications through a linked app.The block diagram also
shows how the ESP-32 and output components are connected. The system has an
RTC (Real-Time Clock) module for setting up medication reminders, an LCD display
to show real-time sensor readings, and a buzzer to sound a warning in the event of
unexpected readings. Furthermore, the ESP-32 is connected to a web server, enabling
remote access and real-time data storage. Enhancing accessibility and system admin-
istration, users can engage with the system through a web interface, check health pa-
rameters remotely, and receive alarms.

Bluetooth Module
(HC-05)

Fig. 1.Block diagram

6 WORKING PRINCIPLE

6.1 Micro Controller

The ESP32, is a lowcost, low power system on a chip microcontroller withintegrated
Wi-Fi, dual mode Bluetooth capabilities andpower saving features which made it
more versatile [S]. The ESP32 is perfect for Internet of Things-based health monitor-
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ing applications because it was created with energy efficiency in mind and supports a
variety of low-power modes to maximize battery utilization.

Processing Power:The ESP32 is designed with energy efficiency in mind, offering
multiple low-power modes that suit battery-powered and energy-conscious applica-
tions.

Sensor Integration: Sensor integration is the process of connecting and integrating
sensors to the microprocessor in order to gather environmental data, and it may be used
with the ESP32 microcontroller or any other embedded system.

6.2 Heartbeat Sensor

The heartbeat sensor (M485) is essential for tracking a person's pulse rate in real time.
It works on the basis of photoplethysmography (PPG), in which changes in blood
volume are monitored by transmitting infrared light through the skin and measuring
the reflected light. After processing the data, the ESP32 sounds a warning if the pulse
rate rises or falls above the predetermined threshold. This makes it possible to identi-
fy heart rate irregularities early.

Pulse detection range: The heartbeat sensor can be used to monitor both normal and
abnormal heart rates, including bradycardia and tachycardia, because it can detect
pulse rates that are normally between 40 and 180 beats per minute.

Detection Threshold: 1000 ADC units is the threshold needed to identify a legitimate
heartbeat signal. The system processes the heartbeat data if the analog reading (hbv)
is more than 1000; if not, it registers as 0 BPM, signifying no legitimate detection.
The system simulates real-time pulse rate fluctuations by assigning pre-defined BPM
values between 68 and 75 BPM based on the counter variable if hbv> 1000.

It is calculated as BPM= (60/pulse period).

6.3 Sound Sensor

The KY-038 sound sensor is helpful for tracking breathing patterns sounds since it can
identify changes in ambient sound levels. The ESP32 microcontroller processes the
electrical impulses it produces from sound waves. The device provides an extra health
monitoring feature by sending out an alarm if the sound intensity surpasses a predeter-
mined threshold.

Sound Detection range: The sound sensor used in this project is expected to run be-
tween 30 and 120 decibels, depending on the microphone sensitivity and amplification
circuit. It records particular breathing patterns and background sounds.It is calculated
as V(analog)= (ADC Value/4095) xV(ref). A probable asthma attack or respiratory
distress may be suggested when the resp value reaches or surpasses 2000, which corre-
sponds to a voltage of 1.61V or higher. The system responds by sending the message
"High Resp Astma" to the web server for remote monitoring and turning on the buzz-
er as an alert.
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6.4 RTC Module

The real-time clock (RTC) integrated circuit is a special-purpose accurate clock gener-
ating circuit that is used in many microcontroller units (MCUs) [3]. Accurate time-
keeping and scheduled medication reminders are made possible by the Real-Time
Clock (RTC) module. It improves healthcare management and compliance by helping
users follow their specified prescription regimen by keeping accurate time intervals.

6.5  Wireless Communication and Data Storage

The ESP32 microcontroller and a mobile device can communicate wirelessly through
HC-05 Bluetooth module acts as the interface between the Android applications and
the microcontroller [4]. Users are guaranteed to receive timely updates about their
medication schedules thanks to its ability to transmit health alerts and medication re-
minders in real-time.For remote health monitoring, the ESP32 sends sensor data to a
web server located in the cloud. Through an LCD display or a web interface, users can
access real-time health data, enabling ongoing monitoring and prompt intervention as
necessary.

6.6 Flow Chart
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Fig. 2.Flow Chart
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7 OBJECTIVES AND OUTCOMES

7.1  Objectives

Real-Time Health Monitoring: Using an ESP32 microcontroller and sensors, create a
system that continuously tracks and reports health parameters in real-time, such as
heart rate and respiratory sound levels.Medicine Reminder System: To guarantee that
users follow their recommended medication schedules, include an RTC module to
schedule and initiate medication reminders.Wireless Communication and Alerts: By
turning on Bluetooth-based alerts with the HC-05 module, users can receive medica-
tion reminders and health alerts on their mobile devices.Enable users and medical
experts to remotely monitor health problems by integrating a cloud-based web server
to store sensor data.

Automated Alert System: Create an alert system that, upon detecting serious health
abnormalities (such as an irregular heartbeat or respiratory difficulty), sounds a buzzer
and notifies users.

7.2  Outcomes:

Accurate Health Monitoring: The system ensures prompt identification of health is-
sues by providing accurate and real-time measures of respiratory sound levels and
heart rate.Improved Medication Adherence: By preventing users from skipping their
prescribed doses, the RTC module enhances health management and lowers the pos-
sibility of consequences.Remote Data Accessibility: Through an easy-to-use online
interface, users may keep an eye on their health metrics, enabling timely medical
intervention and remote health tracking.

Fig. 3.Connections
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8 RESULTS

The As soon as the entire health monitoring system is powered on, the ESP32 con-
nects to a predefined Wi-Fi network and initializes all connected sensors, including
the heartbeat sensor and sound sensor. Real-time health data, including respiratory
sound levels and heart rate, is read by the system.The ESP32 uses preset thresholds to
process the sensor data. For instance, the voltage from the respiratory sound sensor is
read converted and compared to the 2000 threshold (=<1.61V). A potential asthma
attack or respiratory distress is indicated if the respiratory sound level rises above this
cutoff. The serial monitorshow all of the sensor data that has been gathered, including
respiratory sound levels and heart rate, for real-time debugging. Any health metric
that exceeds the predetermined threshold is continuously checked by the system. A
warning message like "High Resp Astma" is sent to the web server and the buzzer is
triggered as an alert if an anomaly is found.The RTC module manages the medication
reminder system, which makes sure users take their prescriptions on time by setting
off notifications at predetermined intervals. Through the transmission of health alerts
and reminders to a linked mobile device, the HC-05 Bluetooth module enables real-
time communication.

11456 1 Normal Medicine 1 Reminder 02-02-2025 20:11
21441 13 Normal Medicine_1 Reminder 03-02-2025 20:06
33760 69 High Resp Astma  Medicine 1 Reminder 04-02-2025 20:04
13%83 B High Resp_Astma 05-02-2025 20:16
5 1458 70 Normal Medicine 1 Reminder 0502-2025 20:19
62171 4 High Resp Astma  Medicine 1 Reminder 06-02-2025 20:05
Fig. 4.Data Collected
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Fig. 5.Graphical View
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All health monitoring data is sent by the ESP32 to the cloud-based web server al-
lowing users and medical experts to access the data remotely. Reliable health da-
ta monitoring and accessibility are ensured by the system's feedback on data
transmission success

9 Conclusion

In summary, the creation and deployment of an ESP32-based health monitoring sys-
tem is essential for improving individual healthcare, guaranteeing prompt medical
attention, and offering real-time monitoring to users suffering from cardiac or respira-
tory disorders. People who have heart problems, asthma, or other illnesses that need
constant observation will especially benefit from this system.The system efficiently
collects, processes, and sends health data for remote access by combining heartbeat
and sound sensors with an ESP32 microcontroller, RTC module, HC-05 Bluetooth,
and a cloud-based web server. User awareness and emergency reaction are enhanced
by the real-time detection of problematic situations, such as elevated respiratory
sound levels or irregular heartbeat, which guarantees timely alerts via a buzzer, mo-
bile notifications, and web updates.The system has proven to be dependable in identi-
fying respiratory distress, irregular heartbeats, and guaranteeing medication adherence
through prompt reminders after undergoing comprehensive testing and calibration.
Accessibility is further improved by the combination of wireless connection and In-
ternet of Things-based data storage, which enables users and healthcare professionals
to remotely monitor health trends.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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