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Abstract— Remote patient monitoring, or RPM, is essential to modern healthcare because it
allows for early disease detection and real-time health tracking. This project introduces an
Internet of Things (loT)-based remote patient monitoring system that can continuously
measure and send vital body parameters, including blood pressure, heart rate, body
temperature, oxygen saturation (SpO-), and electrocardiogram (ECG) signals. The system is
intended to help medical practitioners monitor patients remotely, cut down on hospital stays,
and guarantee prompt medical attention. In order to gather physiological data from patients,
the suggested system combines biomedical sensors with a microcontroller (such as an Arduino
or ESP32).

These sensors include an ECG module (AD8232) to monitor cardiac activity, a temperature
sensor (e.g., LM35 or DS18B20), a pulse oximeter (MAX30100/MAX30102) to measure heart
rate and SpO:, and a blood pressure sensor. For remote access, the microcontroller processes
the gathered data and sends it via Wi-Fi or GSM to a cloud-based loT platform (like
Thingspeak, Firebase, or Blynk).

Healthcare providers can monitor real-time patient data through a web dashboard or a mobile
application, allowing data visualization, trend analysis, and alert notifications in case of
abnormal readings. If any critical condition is detected, the system can send SMS or email
alerts to doctors and caregivers.

Additionally, the integration of machine learning algorithms can enhance prediction accuracy
and provide early warnings for potential health risks.

The loT-based Remote Patient Monitoring System offers significant advantages, including early
disease detection, improved patient outcomes, reduced hospital burden, and cost-effectiveness.
It is especially useful for elderly patients, chronically ill individuals, and post-operative
monitoring, ensuring continuous supervision without requiring constant hospital visits. Future
enhancements may include Al-based predictive analytics, wearable integration, and blockchain-
based data security to improve reliability and efficiency. This project serves as a foundation for
smart healthcare solutions, demonstrating how loT technology can revolutionize patient
monitoring and healthcare delivery.
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|. INTRODUCTION

Healthcare has been transformed by the development of Internet of Things (1oT) technology, which has made it
possible to track vital signs in real time without frequent hospital visits thanks to Remote Patient Monitoring
(RPM) [1] [16]. The goal of this project is to create a loT-based Remote Patient Monitoring System that uses
biomedical sensors to continually measure blood pressure, oxygen saturation (SpO.), heart rate, body
temperature, and ECG signals [2] [17]. Healthcare providers can remotely monitor patients via a web dashboard
or mobile application after a microcontroller, such ESP32 or Arduino, processes the data and sends it to a cloud-
based platform (Thingspeak, Firebase, or Blynk) over Wi-Fi or GSM [3] [18]. The Fig. 8 shows the details of the
flow chart used along with the block-diagrammatic flow [8]
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Figure 1. Flow-chart used along with block-diagrammatic flow [8]
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Il. METHODOLOGY

The loT-Based Remote Patient Monitoring System follows a structured methodology involving sensor data
acquisition, processing, transmission, cloud storage, real-time monitoring, and alert mechanisms [4] [19]. This
system continuously measures and transmits a patient’s vital parameters in real-time using loT-based biomedical
sensors [5] [20]. The collected data is processed, analyzed, and stored in the cloud, allowing remote access via a
web dashboard or mobile app [6] [21]. The system also incorporates an alert mechanism that notifies healthcare
professionals and caregivers if any critical health issue is detected [7] [22].

I11. HARDWARE USED
The system consists of the following key hardware components [8] [23]

A. Biomedical Sensors for Vital Parameter Measurement

These sensors are used to monitor the patient’s health status [9] [24]

» Temperature Sensor (MLX90614) — Measures body temperature and converts it into a digital signal.

» Pulse Oximeter (MAX30100/MAX30102) — Measures heart rate and oxygen saturation (SpO:) using
photoplethysmography (PPG).

» ECG Sensor (AD8232) — Monitors heart electrical activity to detect arrhythmia or cardiac issues.

B. Microcontroller for Data Processing

The Arduino microcontroller is responsible for [10] [25]

» Receiving sensor data via analog/digital inputs.

» Performing analog-to-digital conversion (ADC) for sensors with analog outputs.
» Filtering and pre-processing the data to remove noise.

» Making real-time decisions based on threshold values.

» Sending processed data to a cloud database for remote monitoring.

C. Communication Module for 10T Connectivity

Data is transmitted wirelessly using [11] [26]
» Wi-Fi (ESP32) — For areas with internet access.
» GSM (SIM800L/SIM900A) - For remote locations without Wi-Fi.

D. Power Supply

The system can be powered by [12] [27]
» Rechargeable Lithium-lon Battery (for portability).
» Adapter Power Supply (5V or 12V DC) (for continuous operation)

IV. SOFTWARE USED
The software architecture consists of [13] [28]

A. Data Acquisition and Pre-processing
» Sensor drivers are used to acquire data from biomedical sensors.

» The microcontroller filters and smooths sensor readings to remove fluctuations.
» Threshold values are defined for abnormal conditions (e.g., SpO2 < 90%, temperature > 102°F).

B. Data Transmission to Cloud Server
» The processed data is transmitted wirelessly using Wi-Fi or GSM.

» MQTT or HTTP protocols are used to send data securely to a cloud platform.
» The cloud logs patient health records for further analysis.

V. FLOW-CHART DEVELOPMENT

The flowchart shown in the Fig. 1 describes a system for monitoring health metrics using a network of
biomedical sensors and digital technologies of the process shown in the diagram as follows [14] [29]
» Start: The system initiates operations.
» Biomedical Sensors: Various sensors collect health data from a patient. These can include:
e  Temperature (Temp)
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Heart Rate

Blood Oxygen Saturation (Sp0O2)

Blood Pressure (BP)

Electrocardiogram (ECG)

» Microcontroller (ESP32/Arduino): This component acts as the central processing unit. It receives data from

the sensors and performs necessary data processing and filtering to ensure the data is clean and usable.

Wireless Communication (Wi-Fi/GSM - MQTT/HTTP): Processed data is then sent wirelessly using Wi-Fi

or GSM networks. Protocols like MQTT (Message Queuing Telemetry Transport) or HTTP (Hypertext

Transfer Protocol) are used for transmitting the data [32].

Data Storage & Analysis: Once in the cloud, the data is stored and can be analyzed either in real-time or

later. The platform can handle large amounts of data and perform complex analyses as needed.

Real-time Monitoring (Web/Mobile App): The data is accessible through web or mobile applications,

enabling real-time monitoring of the patient’s condition by healthcare providers or caregivers [33].

Threshold Check (Abnormal Values?): The system checks if the data crosses certain pre-set thresholds,

which could indicate abnormal or potentially dangerous changes in the patient's health.

Send Alert to Doctor/Caregiver (SMS/Email): If abnormal values are detected, the system automatically

sends an alert to a doctor or caregiver via SMS or email, ensuring quick response to potential health issues

[34].

» End: This might denote the cessation of monitoring, possibly when the system is turned off, or when
monitoring is no longer needed [31].

This system enhances patient care by providing continuous, real-time monitoring that can quickly identify and

respond to health issues. It reduces the need for constant physical presence of healthcare workers and allows for

immediate intervention when necessary [15] [30].
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V. CONCLUSIVE REMARKS

The development of the loT-Based Remote Patient Monitoring System as presented by the authors offers a
substantial contribution to the field of healthcare technology. The system's ability to continuously monitor vital
health parameters such as blood pressure, heart rate, oxygen saturation, body temperature, and ECG signals
addresses a critical need for real-time health tracking, particularly for populations that are vulnerable or remotely
located. The integration of advanced technologies including Arduino and ESP32 microcontrollers, various
biomedical sensors, and cloud platforms like Thingspeak, Firebase, or Blynk facilitates an innovative, cost-
effective, and scalable solution to enhance patient care. This system not only reduces the necessity for frequent
hospital visits, thereby alleviating the burden on healthcare facilities, but it also ensures that patients receive
timely medical interventions. The potential for future enhancements, including Al-based predictive analytics and
I0T integration, paves the way for even more sophisticated health monitoring solutions. The ability of the system
to provide alerts and engage caregivers or medical professionals during emergencies is particularly noteworthy,
as it enhances the responsiveness and effectiveness of healthcare provision. Ultimately, this project illustrates the
transformative power of 10T technology in revolutionizing patient monitoring and healthcare delivery, setting a
benchmark for future developments in smart healthcare solutions.
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