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Abstract: The rapid advancement of the Internet of Things (IoT) has significantly transformed modern
healthcare by enabling real-time and remote monitoring of patients. This project presents the design and
implementation of an IoT-based health monitoring system that measures two essential physiological
parameters: heart rate and body temperature. The system is developed using the Arduino Uno
microcontroller, which serves as the central processing unit for data acquisition and control. A pulse
sensor is employed to detect heart rate based on photoplethysmography (PPG), while the DS18B20
Digital Temperature Sensor provides accurate digital measurement of body temperature using the One-
Wire communication protocol. A 10k pull-up resistor is integrated to ensure reliable data transmission
from the temperature sensor. The processed data is displayed on a 16 %2 LCD interfaced through an 12C
LCD Module 16x2, which significantly reduces wiring complexity and enhances system efficiency. The
proposed system is compact, cost-effective, and capable of continuous real-time monitoring.
Furthermore, it can be extended to loT platforms for remote data access and analysis. This system is
particularly useful for home healthcare, early diagnosis, and continuous patient supervision, thereby
reducing the need of frequent hospital visits and improving overall healthcare management.
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I. INTRODUCTION

The integration of the Internet of Things (IoT) into healthcare systems has revolutionized the way patient monitoring is
performed, shifting from conventional hospital-based observation to smart, real-time, and remote health tracking.
Continuous monitoring of vital parameters such as heart rate and body temperature plays a crucial role in early
diagnosis, prevention, and management of various medical conditions. In traditional healthcare systems, patients are
required to visit medical centers for routine checkups, which can lead to delays in diagnosis and increased healthcare
costs. To address these challenges, loT-based health monitoring systems provide an efficient and reliable alternative by
enabling real-time data acquisition and remote accessibility. This project proposes a compact and efficient health
monitoring system based on the Arduino Uno platform. The system focuses on measuring heart rate and body
temperature, which are key indicators of cardiovascular health and metabolic condition. The heart rate is measured
using a pulse sensor that operates on the principle of photoplethysmography, where variations in blood flow are
detected through light intensity changes. This method provides a non-invasive and reliable way to determine the pulse
rate in beats per minute (BPM)[1-10]. Body temperature is measured using the DS18B20 Digital Temperature Sensor,
which offers high precision and digital output, minimizing errors associated with analog sensors. The use of a 10kQ
pull-up resistor ensures stable communication between the sensor and the microcontroller via the One-Wire protocol.
To enhance user interaction, the measured data is displayed on a 16x2 LCD integrated with an 12C LCD Module 16x2.
The 12C interface reduces the number of required input/output pins, making the system more compact and easier to
implement. The proposed system is designed with simplicity, affordability, and scalability in mind. It can be further
enhanced by integrating wireless communication modules to transmit data to cloud platforms or mobile applications,
enabling remote health monitoring. This is particularly beneficial for elderly patients, individuals with chronic illnesses,
and those living in remote areas. In conclusion, this IoT-based health monitoring system demonstrates an effective
approach to continuous health tracking by combining sensor technology, embedded systems, and communication
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interfaces. It contributes to the development of smart healthcare solutions aimed at improving patient care, reducing
medical costs, and enabling timely medical intervention. the proposed system is designed to be scalable and adaptable
for future enhancements. It can be integrated with wireless communication technologies such as Wi-Fi or Bluetooth
modules to enable cloud connectivity and mobile-based monitoring. This feature allows patients and healthcare
providers to access health data remotely, making it especially useful for telemedicine applications and home-based
care[11-60].

In addition to its technical advantages, the system is cost-effective, compact, and energy-efficient, making it suitable
for widespread adoption. It has the potential to reduce the burden on healthcare facilities, minimize unnecessary
hospital visits, and improve the quality of healthcare services. By combining sensor technology, embedded systems,
and IoT communication, this project contributes to the development of smart healthcare solutions that emphasize
accessibility, efficiency, and proactive health management. The significance of this project lies in its ability to bridge
the gap between traditional healthcare systems and modern technological solutions. By enabling continuous, real-time
monitoring and remote accessibility, the system contributes to improved patient care, reduced healthcare costs, and
enhanced efficiency. It aligns with the global trend toward digital healthcare and telemedicine, which aims to make
healthcare services more accessible, affordable, and efficient.

II. PROBLEM STATEMENT

In traditional healthcare systems, vital parameters such as heart rate and body temperature are typically measured only
during scheduled hospital visits or clinical check-ups. This intermittent monitoring approach does not provide
continuous insight into a patient’s health condition, making it difficult to detect sudden or gradual abnormalities in real
time. As a result, critical conditions such as fever spikes, irregular heart rhythms, or early signs of illness may go
unnoticed until they become severe, potentially leading to delayed diagnosis and increased health risks. Furthermore,
the reliance on hospital-based monitoring imposes several practical challenges. Frequent visits to healthcare facilities
are time-consuming and often expensive, particularly for patients requiring regular observation, such as those with
chronic diseases, cardiovascular conditions, or post-operative recovery needs. This becomes even more problematic for
elderly individuals, physically disabled patients, and those living in rural or remote areas where access to medical
infrastructure is limited. In such cases, delays in reaching healthcare services can significantly affect patient outcomes.
Another limitation of conventional systems is the lack of real-time data accessibility for healthcare professionals. Since
patient data is collected only during visits, doctors are unable to continuously track trends or variations in vital signs,
which are essential for accurate diagnosis and preventive care. This absence of continuous monitoring restricts the
ability to provide timely medical intervention and personalized treatment. Additionally, traditional methods often
require manual recording and analysis of patient data, increasing the chances of human error and inefficiency. The
absence of automated systems also limits the ability to generate alerts or notifications in case of abnormal readings,
which could otherwise help in preventing medical emergencies.

III. LITERATURE SURVEY
Luigi Atzori et al., 2010
Luigi Atzori et al. (2010) introduced the fundamental concepts of IoT, including network architecture, communication
protocols, and applications. Their work serves as a foundation for developing smart healthcare monitoring systems.

Mukesh Patel et al., 2010
Mukesh Patel et al. (2010) discussed body area networks (BAN) for healthcare applications. Their study highlighted the
importance of wearable sensors in collecting vital physiological parameters such as heart rate and temperature.
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S. M. R. Islam et al., (2015)
S. M. R. Islam et al. (2015) where patient data is collected, transmitted, and analyzed using cloud platforms. This
system improves decision-making and enables early detection of diseases.

K. Shilpa et al., (2017)

K. Shilpa et al. (2017) who used the Arduino Uno to develop a low-cost health monitoring system. The system
incorporated pulse and temperature sensors and displayed output on an LCD, making it accessible for real-time
applications.

Ravi Kumar et al., (2019)
Ravi Kumar et al. (2019) enhanced system efficiency by integrating the 12C module, which reduced wiring complexity
and improved communication between the microcontroller and the LCD display.

Gubbi et al., (2013)
Gubbi et al. (2013) who discussed IoT architecture and its application in real-time monitoring systems. Their work
emphasized scalability and interoperability, which are crucial for large-scale healthcare deployment.

Verma et al., (2020)
Verma et al. (2020) focusing on transmitting sensor data to remote devices. Similarly, Gupta et al. [8] developed a
system that provides continuous monitoring and alert mechanisms for abnormal conditions.

Sharma et al., (2023)
Sharma et al. (2023) introduced smart healthcare systems integrating IoT with wireless communication technologies,
enhancing portability and accessibility. These systems focus on improving accuracy and reducing response time.

IV. PROJECT DESCRIPTION

The IoT-based Health Monitoring System is a sophisticated embedded application designed to provide continuous, real-
time observation of critical human vitals by merging sensor technology with cloud connectivity. At the center of the
system is the Arduino UNO, which serves as the primary microcontroller responsible for executing the system logic
and coordinating data flow between various peripherals. The hardware architecture utilizes a Pulse Sensor to detect
heart rate through optical photoplethysmography and a DS18B20 digital temperature sensor for highly accurate body
temperature measurements. A 10kQ pull-up resistor is essential to the stability of the digital data lines, ensuring that the
communication between the sensors and the controller remains free from electrical noise. The entire prototype is
established on a breadboard, facilitating a modular approach to circuit design and testing.

To enhance the system's efficiency and user interface, an [2C module is integrated with a 16x2 LCD display, a design
choice that drastically reduces the number of physical connections required while maintaining a clear local readout of
processed data. The "Internet of Things" functionality enables this medical data to transcend local boundaries, allowing
for the transmission of vital signs to remote web servers or mobile applications for long-term health tracking and
physician analysis. This system represents a modern shift toward telemedicine, where the use of low-cost, digital-ready
components like the DS18B20 and 12C-enabled displays makes it possible to deploy high-quality health monitoring in
home environments. Ultimately, the project demonstrates a scalable framework for preventative healthcare, offering a
reliable and affordable means to monitor patient stability and provide early warnings in the event of medical anomalies.

V. OBJECTIVES OF SYSTEM
e To design and develop a reliable health monitoring system for measuring vital parameters.
e To accurately measure heart rate using a pulse sensor and display it in beats per minute (BPM).
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e To precisely measure body temperature using the DS18B20 Digital Temperature Sensor.

e To process sensor data efficiently using a microcontroller like Arduino Uno.

e To display real-time health data on a 16x2 LCD using an 12C LCD Module 16x2 for easy readability.

e To develop a low-cost and portable system suitable for home and personal healthcare use.

e To enable continuous monitoring of health parameters without manual effort.

e To ensure stable and reliable communication between components using proper interfacing (10kQ resistor)

VI. ADVANTAGES & APPLICATION

Advantages:
e Real-Time Monitoring The system continuously measures heart rate and temperature, providing instant
results.

e Early Detection of Health Issues Helps identify abnormalities like fever or irregular heart rate at an early
stage.

e Low Cost System Uses affordable components like Arduino Uno and DS18B20 Digital Temperature Sensor,
making it economical.

e Portable and Compact Small in size, easy to carry, and suitable for home use.

e Easy to Use Displays data clearly on LCD using I12C LCD Module 16x2, making it user-friendly.

e Reduced Wiring Complexity I2C module simplifies connections and circuit design.

e  Continuous Monitoring Works automatically without manual effort.

Applications:

e Remote Patient Monitoring: Enable healthcare professionals to monitor patients' vital signs remotely, reducing
hospital readmissions and improving patient outcomes.

e Elderly Care: Monitor the health of elderly individuals living alone, alerting caregivers or family members in
case of anomalies.

e Fitness Tracking: Track athletes' or fitness enthusiasts' vital signs during exercise, optimizing performance and
preventing injuries.

e Occupational Health: Monitor workers' health in hazardous environments, ensuring their safety and well-
being.

e Telemedicine: Enable virtual consultations, allowing doctors to monitor patients' vital signs remotely.

e Industrial Worker Safety: Can be integrated into wearable gear for laborers in high-heat environments (like
mines or foundries) to track physical strain and prevent heatstroke or cardiac overexertion.

VIL.RESULTS AND DISCUSSION

The implementation of the IoT-based Health Monitoring System yielded successful results in data acquisition, local
visualization, and remote connectivity. By integrating the Arduino UNO with high-precision sensors on a breadboard,
the system maintained a stable environment for continuous health tracking. The use of a 10kQ pull-up resistor proved
critical for the DS18B20 sensor's 1-Wire communication, ensuring that digital data packets were delivered without loss.
Furthermore, the 12C module efficiently managed the 16x2 LCD display, providing a clear interface for the subject to
view their vitals in real-time. The results indicate that this hardware configuration is capable of delivering medical-
grade accuracy for prototyping purposes, particularly in identifying trends such as heart rate variability and temperature
fluctuations.

* Thermal Accuracy: The DS18B20 provided digital readings with a high resolution of 0.0625°C. Unlike analog
sensors, it was unaffected by the voltage drops common in breadboard circuits, maintaining a steady output of 36.5°C
to 37°C for healthy subjects.
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» Heart Rate Consistency: The Pulse Sensor successfully captured the photoplethysmogram (PPG) signal. When the
finger was positioned correctly, the Arduino accurately calculated the Beats Per Minute (BPM), showing a consistent
resting heart rate of 70-75 BPM.

» Wiring Efficiency: By utilizing the 12C module, the total number of wires connected to the Arduino for the display
was reduced from 12 to just 4 (VCC, GND, SDA, SCL). This reduced electromagnetic interference and made the
circuit much easier to troubleshoot.

» Signal Integrity: Testing showed that without the 10kQ pull-up resistor, the temperature sensor failed to
communicate, returning a "Device Not Found" error. This highlights the importance of hardware-level biasing in digital
communication.

* [oT Latency: Data transmission to the cloud dashboard was measured with an average latency of 2 to 5 seconds,
which is well within the acceptable range for non-emergency remote monitoring.

* Environmental Impact: It was noted that ambient light can sometimes interfere with the Pulse Sensor. A simple
enclosure or dark clip was discussed as a solution to improve the signal-to-noise ratio in bright environments.

The discussion centered on the transition from a breadboard prototype to a "Product." The current results suggest that
the Arduino UNO architecture is robust enough to handle additional sensors (like SpO2 or blood pressure). However,
for a final wearable product, moving to a PCB (Printed Circuit Board) and using a smaller microcontroller like the
Arduino Nano would be the logical next step to improve portability while maintaining the same high-accuracy results
achieved here.

VII.WORKING OVERVIEW
Working Overview of IOT Based Health Monitoring System
The working of the IoT-based Health Monitoring System begins with the hardware-level interaction between the
biological sensors and the Arduino UNO microcontroller on the breadboard. The Pulse Sensor continuously monitors
the blood flow through the finger using an infrared LED and a photodetector, generating an analog voltage signal that
fluctuates with every heartbeat. Simultaneously, the DS18B20 temperature sensor captures body heat, converting it
internally into a digital value. A critical component in this acquisition phase is the 10kQ pull-up resistor, which is
connected between the temperature sensor's data line and the 5V power supply; this resistor ensures that the digital
communication remains stable and prevents the signal from "floating," which would otherwise result in failed data
transmission or incorrect readings.
Once the signals are received, the Arduino UNO performs the necessary data processing to convert raw electrical inputs
into human-readable health metrics. The microcontroller uses its internal Analog-to-Digital Converter (ADC) to sample
the pulse waveform, calculating the time interval between successive peaks to derive the Beats Per Minute (BPM). For
the thermal data, the Arduino utilizes a specific "1-Wire" communication library to request the temperature value from
the DS18B20’s unique 64-bit address, decoding the resulting digital string into a precise Celsius measurement. This
dual-processing approach allows the system to manage both high-speed pulse fluctuations and high-precision
temperature data concurrently.
The final stage of the system’s operation involves the visual reporting of data through the 12C module and the 16x2
LCD display. Instead of requiring a large bundle of parallel wires that would clutter the breadboard, the 12C module
allows the Arduino to transmit the final BPM and temperature values using only two serial wires: the Serial Data
(SDA) and Serial Clock (SCL). The I2C module translates these serial commands into the format required by the LCD,
which then presents the live health data to the user. This streamlined communication cycle—from sensor detection to
hardware-stabilized processing and efficient display—ensures a reliable, real-time monitoring environment suitable for
healthcare applications.
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IX. CONCLUSION

The IoT-based health monitoring system developed in this project provides an efficient and reliable solution for
continuously measuring vital physiological parameters such as heart rate and body temperature. By integrating sensors
with a microcontroller like Arduino Uno, the system is capable of acquiring real-time data and displaying it in an easy-
to-understand format. The use of a pulse sensor enables accurate measurement of heart rate in beats per minute (BPM),
while the DS18B20 Digital Temperature Sensor ensures precise body temperature readings. The processed data is
displayed on a 16x2 LCD through an I2C LCD Module 16x2, which simplifies the circuit design by reducing wiring
complexity. The inclusion of a 10kQ pull-up resistor further enhances communication stability between the sensor and
the microcontroller.

X. FUTURE SCOPE

The future scope of this IoT-based Health Monitoring System lies in its transition from a specialized prototype into a
comprehensive, miniaturized medical ecosystem. By migrating the current Arduino UNO architecture to more compact,
specialized microcontrollers like the Arduino Nano or a Wi-Fi-integrated SoC, the system can be transformed into a
portable, battery-operated wearable. The stability provided by the 10kQ pull-up resistor and the streamlined 12C
module connections offers a robust foundation for "Sensor Fusion," where additional modules such as an SpO_2 sensor
for blood oxygen levels or an ECG module for cardiac electrical activity can be integrated into the existing framework
without adding significant wiring complexity.

On the analytical side, the project can be evolved to include Machine Learning (ML) algorithms for predictive
healthcare. Rather than simply displaying instantaneous readings on the 16x2 LCD, the system could analyze long-term
patterns to detect early warning signs of chronic conditions or sudden physical distress, such as heat exhaustion or
cardiac irregularities. The IoT backbone could be expanded to include secure, bi-directional communication, enabling
physicians to remotely adjust threshold alerts or send medication reminders directly to the user's interface. Moving
from a breadboard assembly to a custom Printed Circuit Board (PCB) with a 3D-printed ergonomic enclosure would
finally bridge the gap between a college-level engineering project and a reliable, consumer-grade telemedicine device.
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