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Abstract This paper presents the design and
development of a Smart Health Monitoring System using
the ESP32 microcontroller. The system is designed to
monitor key health parameters such as heart rate, body
temperature, SpO2, and ECG in real-time. Using sensors
like the DHT11, LM35, pulse sensor, and ECG sensor,
the system collects vital health data, which is then
transmitted via Wi-Fi to a cloud platform. The data is
stored securely and analyzed for visualization on a user-
friendly dashboard. Additionally, the system generates
automated medical reports, personalized diet plans, and
sends medication reminders, making it an efficient tool
for remote health monitoring and telemedicine. This
system aims to bridge the gap between patients and
healthcare providers, offering an affordable, portable, and
efficient solution for continuous health monitoring.
Results demonstrate that the system can accurately
measure and report vital health statistics, providing real-
time insights that help healthcare providers monitor
patients' health remotely and intervene when necessary.
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I.  INTRODUCTION

Health monitoring systems are playing an increasingly
important role in healthcare today. These systems help
track vital signs such as heart rate, body temperature,
oxygen levels, and ECG, providing real-time data that can
be used to monitor a person's health continuously. Unlike
traditional methods that often require in-person visits to
healthcare providers, modern health monitoring systems
enable remote health tracking, making it easier for
patients to stay on top of their health without leaving their
homes.

The significance of real-time health data cannot be
overstated. By having up-to-date information about a
person’s health status, healthcare providers can identify
potential issues early, enabling faster intervention and
potentially preventing serious conditions. For patients,
this real-time feedback offers reassurance and can help
them make better decisions about their lifestyle or
treatment plans.

In recent years, the ESP32 microcontroller has gained
popularity for loT applications due to its powerful
features, including built-in Wi-Fi and Bluetooth
capabilities, low power consumption, and ease of
integration with various sensors. The ESP32 makes it
possible to create cost-effective, efficient, and portable
health  monitoring  systems, offering  seamless
connectivity for transmitting health data to cloud
platforms.

Cloud integration with ThingSpeak enhances this system
by allowing health data to be stored, analyzed, and
visualized remotely. ThingSpeak provides a secure and
scalable platform where users can access their health
information anytime and anywhere. With its real-time
data visualization, the system allows healthcare providers
to monitor their patients from a distance, while also
enabling automated features such as report generation and
health reminders, all contributing to better healthcare
management.

Il. RELATED WORK

Over the years, several health monitoring systems have
been developed using various sensors to measure vital
health parameters such as heart rate, body temperature,
Sp02, and ECG. Many of these systems incorporate
sensors like the DHT11 for temperature and humidity,
ECG sensors for heart activity monitoring, and pulse
sensors for heart rate detection. These systems have
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gained significant attention in the fields of personal health
monitoring and telemedicine.

One example is the use of the DHT11 sensor in many
loT-based health monitoring projects, where it is
primarily used to monitor temperature and humidity. The
sensor is widely chosen for its low cost and ease of
integration. Similarly, ECG sensors are commonly used
to detect abnormalities in heart rhythms and are often
integrated with other sensors to monitor overall health
conditions. Several systems have incorporated these
sensors with microcontrollers like Arduino and
Raspberry Pi to create wireless health monitoring
solutions. These systems transmit collected data to cloud
platforms like ThingSpeak, where it can be visualized in
real-time, allowing healthcare providers to monitor
patients remotely.

However, despite the growing use of loT-based health
monitoring systems, there are still several gaps and
limitations in the existing solutions. Many systems lack
the capability to provide continuous and real-time
monitoring, which is crucial for accurate health tracking.
In some cases, the integration of sensors with cloud
platforms remains complex and prone to security
vulnerabilities, especially when it comes to handling
sensitive health data. Additionally, while cloud platforms
like ThingSpeak offer a way to store and visualize data,
they often lack the ability to generate automated medical
reports or send reminders for medication and follow-up
care.

Our project aims to address these gaps by creating a more
efficient and user-friendly health monitoring system. By
using the ESP32 microcontroller, which offers both Wi-
Fi and Bluetooth connectivity, our system ensures
seamless data transmission in real-time. The integration
with ThingSpeak not only allows for secure data storage
and visualization but also supports automated features
like the generation of medical reports and personalized
diet plans. This project also improves upon existing
systems by providing an affordable, portable, and
scalable solution for remote health monitoring and
telemedicine.

I1l.  SYSTEM DESIGN
existing systems

The design of the Smart Health Monitoring System is
built around the ESP32 microcontroller, which acts as
the central unit that collects data from various health
sensors and transmits it to the cloud for remote

monitoring. The system architecture is designed to be
efficient, affordable, and easily scalable for various health
monitoring applications.

Overall System Architecture

The system consists of several
including:

key components,

1. ESP32 Microcontroller: This is the heart of the
system. It connects to sensors, collects the data,
and sends it to the cloud. The ESP32 provides
Wi-Fi connectivity for data transmission to the
cloud platform, allowing real-time access to
health data.

2. Health Sensors: Various sensors are used to
measure vital parameters:

o LM35 Temperature Sensor: Measures
body temperature with high accuracy.

o DHT11 Sensor: Monitors ambient

temperature and humidity.

o Pulse Sensor: Detects heart rate by
measuring the electrical activity of the
heart.

o ECG Sensor: Records
electrocardiogram (ECG) signals to
monitor heart health.

3. Cloud Platform (ThingSpeak): ThingSpeak is
used to store and visualize data collected from the
sensors. It provides a web interface to display
health trends and generate reports. The platform
allows healthcare providers to access and
monitor patient data remotely.

The block diagram below illustrates the interactions
between these components:
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Fig 1: Block Diagram
Hardware Components
1. ESP32 Microcontroller:

o The ESP32 is a low-cost, low-power
microcontroller with built-in Wi-Fi and
Bluetooth capabilities, making it ideal
for loT-based health monitoring
applications.

o It collects data from the sensors and
transmits it to the cloud via the Wi-Fi
connection.

o It runs the system’s control logic and
provides power management for the
connected sensors.

2. LM35 Temperature Sensor:

o The LM35 is an analog sensor that
measures body temperature in the range
of 0°C to 100°C.

o It provides a voltage output proportional
to the temperature, which is then
converted into a readable temperature
value by the ESP32.

3. DHT11 Sensor:

o The DHTL11 is a digital sensor used to
measure ambient temperature and
humidity.

o It communicates with the ESP32 via a
simple 1-wire interface and provides
data on temperature and humidity.

e

Pulse Sensor:

o The Pulse Sensor detects the heart rate by
measuring the electrical signals from the
heart.

o It outputs an analog signal that is
processed by the ESP32 to determine the
user’s heart rate in beats per minute
(BPM).

5. ECG Sensor:

o The ECG sensor monitors the electrical
activity of the heart by detecting the
PQRST waves.

o The sensor sends a signal that is read by
the ESP32 to calculate the heart rate and
identify abnormalities.

Circuit Diagram

The circuit diagram below shows how the components
are connected to the ESP32. Each sensor is connected to
a specific pin on the ESP32 to read the data. The LM35
and DHT11 use the analog and digital pins, respectively,
while the Pulse Sensor and ECG Sensor are connected
to analog input pins.

Fig 2: Circuit Diagram
IV. METHODOLOGY

The design and implementation of the Smart Health
Monitoring System with ESP32 follows a structured
process, integrating multiple components to collect,
process, and visualize health data. This section outlines
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the steps involved in the sensor integration, data
processing, and cloud integration.

Sensor Integration

The first step in the system design is integrating the
various sensors with the ESP32 microcontroller. Each
sensor serves a specific function to monitor vital health
parameters:

1. LM35 Temperature Sensor: This sensor is
connected to an analog input pin on the ESP32.
The sensor measures body temperature, and its
output is an analog voltage that is proportional to
the temperature. The ESP32 reads this voltage
and converts it into a temperature value (in
degrees Celsius).

2. DHT11 Sensor: The DHT11 sensor is used to
monitor both temperature and humidity levels. It
is connected to a digital input pin on the ESP32.
The sensor provides data in a digital format,
which the ESP32 processes to obtain temperature
and humidity values.

3. Pulse Sensor: This sensor detects heart rate by
measuring the electrical activity from the heart. It
is connected to an analog input pin on the ESP32,
which reads the sensor’s output. The raw analog
data is then mapped to heart rate values (beats per
minute) using a simple scaling function.

4. ECG Sensor: The ECG sensor measures the
electrical signals of the heart. Similar to the pulse
sensor, the ECG sensor is connected to an analog
input pin of the ESP32, and the data is processed
to determine the heart rate and monitor potential
abnormalities in heart activity.

Each sensor is wired to the corresponding GPIO pins of
the ESP32. The ESP32 continuously reads data from
these sensors, ensuring real-time monitoring of the user’s
health.

Data Processing

Once the data is collected from the sensors, it needs to be
processed to extract meaningful information. The
processing steps include:

1. Averaging Sensor Data: To improve the
accuracy of the readings, the system takes
multiple samples from each sensor. For example,
the temperature values from the LM35 and

DHT11 are averaged over several readings. This
helps to reduce noise and errors caused by
environmental fluctuations.

2. Mapping Raw Data: Some sensors, such as the
Pulse and ECG sensors, output raw analog data.
This data is mapped to meaningful values. For
example, the raw signal from the ECG sensor is
processed and converted into beats per minute
(BPM), and similarly, the pulse sensor data is
mapped to heart rate values.

3. Displaying Data Locally: The processed data is
then displayed on the LCD screen connected to
the ESP32. This allows users to monitor their
health metrics in real-time on-site, including
body temperature, heart rate, SpO2 (blood
oxygen levels), humidity, and ECG data.

Cloud Integration

The final step in the methodology is the integration with
the ThingSpeak cloud platform. This allows for remote
monitoring of the user’s health data:

1. Wi-Fi Connectivity: The ESP32 connects to the
internet via Wi-Fi using the configured
credentials (SSID and password). Once
connected, the ESP32 establishes a connection
with the ThingSpeak platform.

2. Sending Data to ThingSpeak: The ESP32 sends
the processed health data (e.g., body temperature,
heart rate, humidity) to ThingSpeak via HTTP
requests. This data is sent as "fields" (e.g., field 1
for body temperature, field 2 for heart rate), and
ThingSpeak uses these fields to store and
organize the data.

3. Visualizing Data on ThingSpeak: ThingSpeak
offers real-time data visualization tools, which
allow users to monitor trends and analyze the
data. Graphs and charts are automatically
generated based on the data sent from the ESP32,
enabling healthcare providers or users to easily
track health changes over time.

By integrating with ThingSpeak, the system provides a
comprehensive, cloud-based solution for health
monitoring that enhances the ability to monitor patient
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data remotely, store records securely, and generate
medical reports.

V. RESULTS AND DISCUSSION

During the experimental phase of the Smart Health
Monitoring  System, various physiological and
environmental parameters were successfully captured
and analyzed. The hardware setup consisted of the ESP32
microcontroller integrated with multiple biomedical
sensors including the LM35 for body temperature,
DHT11 for room temperature and humidity, a pulse
sensor for heart rate, and an ECG sensor for heart activity
monitoring. The final hardware prototype was compact
and capable of performing real-time data acquisition and
transmission. All sensor readings were displayed

sequentially on the 16x2 LCD screen, updating every two
seconds to give the user instant feedback on their health
status. This real-time display allowed the user to monitor
parameters such as body temperature, heart rate, and
ECG-based BPM directly from the device without relying
on external systems.

Figure 3: Final Hardware Output

To enhance usability and facilitate remote health
monitoring, the collected data was transmitted to the
cloud using the ThingSpeak IoT platform. ThingSpeak
enabled visualization of data through dynamically
updating line graphs that presented a clear and organized
view of health trends over time. Four distinct graphs were
generated on ThingSpeak corresponding to body
temperature, room temperature, humidity, and heart rate

(BPM). Each graph plotted the incoming data against
time, helping users and healthcare providers observe
fluctuations and identify patterns. For example, the body
temperature readings collected from the LM35 sensor
ranged between 36.5°C and 37.5°C, which is within the
normal physiological range. Similarly, the DHT11 sensor
recorded room temperatures ranging from 22°C to 26°C
and humidity values between 45% and 60%, depending
on environmental conditions. The pulse sensor
consistently produced heart rate values in the range of 60—
100 BPM, aligning with normal resting heart rates in
adults.
0N
I

’

Figure 4: Output Graphs on ThingSpeak

The system operated reliably under typical usage
conditions, but some implementation challenges were
encountered. For instance, the ECG sensor occasionally
captured noisy signals due to minor hand movements or
loose connections, necessitating preprocessing to
stabilize the output. Wi-Fi connectivity was another
critical factor, as the ESP32’s communication with
ThingSpeak depended heavily on network strength. In
areas with unstable connections, data upload was
occasionally delayed or lost. Furthermore, limitations of
the 16x2 LCD restricted the simultaneous display of
multiple parameters, requiring the data to be scrolled or
switched sequentially.

Despite these challenges, the system demonstrated
considerable accuracy and reliability. Sensor readings
were consistent with those measured using standard
medical instruments. The integration with ThingSpeak
proved to be highly effective, offering a user-friendly
interface to monitor and analyze health metrics remotely.
The system's ability to combine real-time display with
cloud-based graphing makes it a robust solution for home
healthcare and preliminary diagnostics. Overall, the
Smart Health Monitoring System achieved its objectives
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of enabling continuous, accessible, and affordable health
tracking through an loT-based approach.

VI. CONCLUSION

The Smart Health Monitoring System using the ESP32,
various health sensors, and ThingSpeak cloud integration
successfully demonstrated the potential of real-time
health monitoring. The system effectively measured key
health parameters, including body temperature, room
temperature, humidity, heart rate, and ECG. The data was
displayed in real-time on an LCD screen and uploaded to
ThingSpeak, where it could be visualized and tracked
over time. The cloud-based approach allowed for remote
monitoring, enabling healthcare providers to access
health data from anywhere, making it a valuable tool for
telemedicine and personal health tracking.

The practical applications of this system are vast,
especially in healthcare monitoring, where continuous,
real-time data is crucial for managing chronic conditions
and providing timely interventions. By offering a portable
and cost-effective solution, the system can be used in
home care settings, ensuring that patients are regularly
monitored outside of clinical environments. This would
not only help in early detection of potential health issues
but also facilitate continuous health data collection,
which is essential for long-term health management.
Looking towards the future, several enhancements could
further improve the system’s capabilities. Adding more
sensors, such as a blood pressure sensor or an SpO2
sensor, could broaden the range of health parameters
monitored, offering a more comprehensive health
monitoring solution. Additionally, improving the
accuracy and calibration of sensors, particularly for the
ECG and pulse sensors, would ensure more reliable data.
Integrating the system with additional platforms, such as
mobile applications or advanced cloud services, could
enhance the user experience, providing more interactive
and personalized health tracking options. By continually
refining the system and expanding its functionality, it
could evolve into an even more powerful tool for
healthcare management and remote patient monitoring.
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