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ABSTRACT: In recent times, the use of Internet of Things (IoT) technologies within healthcare systems has proven to
hold great potential for the improvement of observation and emergency response for patients. This article considers the
development of an IoT-driven healthcare system for paralysis patients. The system makes use of an Arduino Uno
controller and a series of interconnected sensors, such as a pulse sensor, a temperature sensor, MPU6050
accelerometer, and an SOS button. The overall aim of the system is to regularly monitor vital signs and movement of
the patient to enable immediate detection of emergencies and facilitate timely support. Hardware setup consists of a
connection between the sensor and an Arduino Uno board and the use of a Wi-Fi module to enable Internet of Things
networking. A custom program for Arduino is developed to collect sensor data and transmit it to an [oT platform or a
cloud server via Wi-Fi. The system is made to detect abnormal changes in pulse rate, temperature of the body, and
movement using threshold-level algorithms. Apart from these, an SOS button is also provided for patients to initiate
emergency alerts themselves. On the IoT platform, mechanisms for alert notifications and real-time monitoring are
created on the IoT platform to alert the caregiver or healthcare provider in case of an emergency. The system also
protects patient privacy and ensures security of data using several methods of encryption and authentication.

KEYWORDS: Healthcare System, Integration of things in Healthcare, Real-Time Monitoring System, Arduino,
Sensors, Detection of Abnormal variation in Human Body.

L. INTRODUCTION

Paralysis causes severe disability causing difficult both physical movements and overall life quality for patients who
experience it. Continuous monitoring of vital signs combined with emergency response readiness forms the core
requirement for managing health conditions in paralysis patients. The current healthcare delivery methods have
difficulties providing constant observation and quick response care while patients are situated at home or places without
direct medical support. Internet of Things (IoT) technologies now enable the possibility to transform patient care
through the implementation of remote monitoring as well as intelligent healthcare solutions.

This paper describes an IoT-enabled healthcare solution for paralysis patients through its design and engineering
aspects. The healthcare system integrates the Arduino Uno microcontroller together with pulse sensor, temperature
sensor, MPU6050 accelerometer and an SOS switch. The system achieves its goal of emergency detection and fast aid
delivery through integration of IoT connectivity with these hardware components.

IoT technology integration replaces conventional healthcare methods because it provides multiple advantageous
features. The system permits remote patient monitoring through its capabilities that deliver continuous real-time data
accessibility to caregivers and healthcare providers from any location. The healthcare approach improves both care
delivery quality and patient and caregiver scheduling options.

II. EXISTING TECHNIQUE

Monitoring and delivering prompt help to paralysis patients depends mostly on caregivers and healthcare providers who
perform regular checks as well as manual observations in current healthcare systems. The measurement of vital signs
using traditional medical devices occurs intermittently for pulse rate and body temperature whereas continuous
monitoring is not a standard feature. The patients' movement evaluation and emergency detection of falls or health
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status changes requires either the involvement of caregivers or effective patient communication abilities. The current
remote patient monitoring systems demonstrate limited capabilities for sensor implementation together with real-time
data transmission protocols. Industrial control systems feature inadequate capability to detect delicate changes in
patient health status and immediate emergency response features. Current health monitoring systems require
improvement because they do not monitor patients repeatedly nor provide quick responses nor scale effectively which
proves the necessity for IoT solutions that overcome these deficiencies.

III. LITERATURE REVIEW

This research paper presents an IoT-based health monitoring system leveraging connected sensors (MAX30100 for
SPO2/BPM, ESP32 for processing/connectivity) to enable continuous, remote patient monitoring via cloud platforms
(Blynk, ThingSpeak). The system's novelty lies in its integrated approach for real-time data acquisition, remote
visualization through mobile and web interfaces, and the potential for cloud-based disease prediction, aiming to
improve timely diagnosis and reduce healthcare burdens, particularly for vulnerable populations. The PCB design and
initial prototype demonstrate the feasibility of a compact, user-friendly solution [1].

This review of research highlights the developments and uses of wearable biosensors for monitoring healthcare on an
ongoing basis. It draws attention to the wide variety of non- invasive or minimally invasive biosensors for monitoring
physiological parameters that include vital signs, biochemical markers, and physical activities. The article draws
special attention to the incorporation of these sensors and wireless communications and data analysis platforms for
assessing the real-time status of an individual's health, personalized healthcare interventions, and remote management
of patients. Key aspects discussed include the types of wearable biosensors, their fabrication techniques, integration
strategies, challenges in terms of accuracy, comfort, and long-term stability, and their potential to revolutionize disease
diagnosis,  chronic condition = management, and  preventative  healthcare.[2]

This paper presents a real-time health monitoring system leveraging the Internet of Things (IoT) for continuous
and remote patient surveillance. It details the architecture and implementation of a system designed to collect
physiological data (specific parameters are likely discussed within the full paper) using wearable or connected sensors.
The core focus is on the real-time transmission of this data to a cloud platform for storage, analysis, and visualization,
enabling healthcare professionals and caregivers to monitor patient conditions remotely.

The system likely emphasizes features such as threshold-based alerts for critical health parameters, user-friendly
interfaces for data access, and the potential for early detection of health anomalies, aiming to improve patient
outcomes and reduce the burden on traditional healthcare facilities.[3]

This research explores an loT-based healthcare monitoring system utilizing Arduino, MAX30100 (heart rate/SpO2),
and BMP180 (blood pressure/temperature) sensors for continuous, remote patient surveillance. The system
emphasizes real-time data acquisition, display on an LCD, and transmission via Wi-Fi (ESP8266) to a cloud platform
(Ubidots is implied, though not explicitly detailed). A key contribution is the potential for timely medical intervention
through email/SMS notifications triggered by irregular readings, enabling doctors to access and utilize patient data
remotely for improved and faster decision-making. The work highlights the system's potential in mitigating healthcare
crises and enhancing the quality of life through connected health monitoring.[4]

This paper introduces an IoT-based healthcare monitoring system built on the Arduino platform. The system is
designed for real-time tracking of vital health parameters, specifically temperature, oxygen saturation (SPO2), and heart
rate. Leveraging the Arduino platform for its simplicity and flexibility in data processing and real-time visualization.
The system integrates multiple sensors to capture various physiological measurements. Implementation of an alerting
mechanism that triggers notifications when oxygen levels fall below a predefined threshold, enabling timely medical
intervention. Utilizing platforms like ThingSpeak for secure cloud storage of sensor data, facilitating remote access and
analysis by healthcare providers. Presenting real-time data and historical trends through user-friendly interfaces,
including dynamic displays and graphical representations of SPO2 levels and heart rate. The system aims to provide a
cost-effective and accessible solution for continuous health monitoring, with the potential to improve patient outcomes
and reduce healthcare costs. [5]
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IV. PROPOSED METHODOLOGY

The proposed Paralyzed People Health Monitoring System (PPHMS) is a comprehensive solution developed to meet
the unique healthcare needs of individuals living with paralysis. The system leverages the processing capabilities of an
Arduino Uno microcontroller, integrating multiple sensors and communication modules to enable real-time monitoring
of critical health parameters and rapid emergency responses.

The primary sensors employed include a pulse sensor for heart rate monitoring, a temperature sensor for body
temperature tracking, and an MPU6050 accelerometer for detecting changes in physical orientation and movement.
Additionally, an SOS switch is incorporated, allowing patients to manually trigger emergency alerts when needed. The
sensors are strategically interfaced with the Arduino Uno to ensure continuous, accurate data collection. The collected
sensor data is processed through threshold-based algorithms developed within the Arduino programming environment
to identify anomalies, such as sudden changes in heart rate, irregular body temperature variations, or falls. Upon
detecting an emergency or receiving a manual alert, the system automatically initiates the emergency response protocol.
This includes sending real-time notifications to caregivers or healthcare professionals via the GSM ESP01 Wi-Fi
module/ 4G/GSM. The seamless integration of sensors, automated emergency response capabilities, and wireless
communication makes the proposed system a highly effective tool for enhancing the safety and independence of
paralysis patients. Furthermore, the system is designed to be user-friendly and non- intrusive, ensuring that patients
experience minimal discomfort while benefiting from constant health monitoring.

V. PROPOSED METHODOLOGY ADVANTAGE

The primary advantage of the proposed PPHMS is its ability to provide continuous, real-time monitoring of vital
health parameters, offering a comprehensive overview of the patient's health status. The system effectively monitors
heart rate via a pulse sensor, body temperature using a temperature sensor, and detects changes in physical orientation
and movement with the MPU6050 accelerometer. The built-in algorithms allow for automatic anomaly detection, such
as sudden changes in heart rate, irregular body temperature variations, or falls, and prompt emergency alerts in
response to these critical health variations or user- initiated SOS requests via the incorporated SOS switch, ensuring
timely interventions. By utilizing the GSM ESP01 Wi-Fi module/4G/GSM, the system ensures seamless
communication with caregivers or healthcare providers, enabling the prompt relay of health data and emergency
notifications. Furthermore, the design prioritizes user comfort and long-term usability through its non-intrusive,
compact structure, promoting greater compliance among patients. Overall, the system empowers paralysis patients with
a reliable, technologically advanced means to manage their health and ensures peace of mind for caregivers.

VI. DISCUSSION

System Feasibility

The feasibility of an Arduino-based IoT healthcare monitoring system hinges on several factors. Technical feasibility
confirms the successful integration of necessary hardware, software, and connectivity within the Arduino framework to
achieve the desired functionalities. Economic feasibility analyzes the system's cost- effectiveness, considering
development, maintenance, and scalability to determine its profitability. Operational feasibility assesses the system's
seamless integration into existing healthcare workflows without causing significant disruption. This comprehensive
feasibility analysis is crucial for identifying potential risks and challenges, ultimately ensuring the successful
implementation and the delivery of reliable, efficient, and sustainable healthcare solutions. [5]

System limitations

Despite the benefits, an Arduino-powered IoT healthcare monitoring system has limitations. The processing power
and memory constraints of Arduino boards can restrict the complexity of algorithms and the volume of data handled.
Connectivity limitations, particularly in remote areas or with low bandwidth, can pose challenges for data
transmission. The system's reliance on sensor accuracy introduces potential data collection limitations or errors,
impacting overall reliability. Integration with existing healthcare systems or electronic health records may require
further development. Finally, the battery dependency of Arduino boards can limit continuous monitoring and
necessitate periodic recharging or replacement. Recognizing these limitations is essential for designing an Arduino-
based IoT healthcare monitoring system with appropriate considerations and trade-offs, ensuring its capabilities align
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with the specific demands and constraints of the intended healthcare setting. [5]

COMPARATIVE STUDY WITH EXISTING SYSTEMS

In comparison to existing healthcare monitoring systems discussed in prior research, the Paralyzed People Health
Monitoring System (PPHMS) presents a number of distinct advantages. Traditional systems, while effective in
monitoring specific health parameters, often suffer from limitations such as lack of integration, insufficient real-time
data analysis, and reliance on manual intervention for emergency communication. For instance, existing solutions that
utilize wearable biosensors or standalone pulse monitors typically focus on individual health metrics without
combining movement detection, temperature monitoring, and emergency signalling in a unified system.

Previous systems also frequently depended on third-party applications for alert mechanisms, which introduced delays in
emergency response. In contrast, the PPHMS integrates all critical sensors directly with an Arduino microcontroller,
ensuring a centralized processing hub for real-time health analysis. Moreover, the inclusion of an MPU6050
accelerometer allows for the detection of falls or unusual postural changes, a feature that many earlier systems did not
adequately address. By transmitting data seamlessly via the ESPO1 Wi-Fi module to cloud platforms and providing
direct emergency notifications, the PPHMS bridges the gap between data collection and actionable healthcare
intervention more efficiently than many existing systems.

VII. RESULTS

Reference Title Results

Concludes that [oT has the potential to revolutionize healthcare

by improving patient outcomes, reducing costs, and increasing
[1] IoT Based Health Monitoring System efficiency,

but highlights existing privacy and security issues.

Indicates that the proposed system enables early detection and

Wearable biosensors for management of health conditions, demonstrating accuracy and
[2] healthcare monitoring reliability.

Real Time Health Monitoring States that the system is cost-effective and reliable for remote
[3] System Using [oT patient health monitoring.

Shows that wearable and implantable sensors allow for
An IoT Based Healthcare continuous and real-time monitoring of physiological
[4] Monitoring System parameters, but emphasizes the
need to address data privacy and security challenges.
Demonstrates that the Arduino-based IoT health monitoring
Assessing the Effectiveness of An IoT-system facilitates early health problem identification, potentially
Based Healthcare Monitoring andimproving patient outcomes and reducing the workload for
[5] Alerting  System  with  Arduinohealthcare professionals.
Integration
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Figure 1: Full Health Monitoring System Architecture

The circuit designed for the Paralyzed People Health Monitoring System (PPHMS) revolves around the Arduino Uno
microcontroller, which acts as the central processing unit responsible for data acquisition, analysis, and communication
with external devices. Multiple sensors and modules are interfaced with the Arduino Uno to ensure comprehensive
monitoring of the patient's vital parameters and immediate emergency response capabilities.

Pulse Sensor
Non-invasively measures heart rate using infrared LED and photodetector. Real-time heart rate data for analysis.

Temperature Sensor
Provides accurate body temperature readings. Crucial for detecting fever/hypothermia in patients who may not report
discomfort.

MPU6050
Monitors movement and orientation (3-axis accelerometer and a 3-axis gyroscope). Detects falls and unusual body
positions.

SOS Switch
Manual emergency alert trigger. Activates pre-programmed emergency response protocols upon press.

Communication Layer - Wi-Fi/4G/GSM
Enables wireless data transmission over Wi-Fi, 4G, or GSM. Sends urgent/abnormal data and regular updates for
remote monitoring. Specifically integrates with ThingSpeak IoT platform for real-time data transmission.

16x2 LCD display

Shows real-time heart rate and temperature locally. Provides immediate audible alert for critical anomalies (connected
to a digital output pin).
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Cloud Integration
All the health data is uploaded to a Cloud Platform like ThingSpeak, AWS, Asure. Caregivers/doctors can access
real-time and historical data remotely (smartphones, laptops, dashboards).

All components are powered through a regulated DC power supply connected to the Arduino Uno, ensuring stable

operation throughout. The overall circuit ensures seamless interaction between the patient, the hardware, and the
remote monitoring cloud platform, promoting safety, autonomy, and timely healthcare interventions for paralyzed

patients
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Figure 2: Graphical diagram of [oT based healthcare monitoring system
VIII. IMPROVEMENTS DONE IN THIS RESEARCH

To address the limitation of low processing speed and memory capacity of Arduino boards, a practical solution is to
upgrade to more powerful microcontrollers such as the ESP32, Arduino Portenta, or Raspberry Pi Pico W. These
boards offer faster processors, greater RAM, and integrated WiFi/Bluetooth capabilities, enabling the system to handle
more complex algorithms and manage larger datasets efficiently. Alternatively, heavy computational tasks can be
offloaded to cloud platforms like AWS or Azure, where data analysis and machine learning operations can be
performed, allowing the Arduino device to focus solely on data collection.

To overcome the challenge of limited connectivity in remote or low-bandwidth locations, integrating LoRa (Long
Range) communication modules provides an effective solution. LoRa technology supports long- distance data
transmission with minimal power consumption, making it ideal for rural healthcare monitoring. Additionally, using
GSM/4G/5G modules such as the SIM80OL or SIM7600 enables the system to leverage cellular networks, ensuring
continuous real-time data transfer even in areas without reliable WiFi connectivity.

IX. CONCLUSION
In conclusion, the Paralyzed People Health Monitoring System (PPHMS) presents a promising solution to the
challenges faced by individuals living with paralysis. Through the integration of advanced sensor technology,

automated emergency response mechanisms, and wireless communication capabilities, the PPHMS offers a
comprehensive platform for continuous health monitoring and timely assistance during emergencies. The system's
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user-friendly design and effective performance in testing underscore its potential to significantly improve the quality of
life for paralyzed individuals while providing peace of mind for caregivers.

Looking ahead, there is considerable scope for further development and enhancement of the PPHMS. Future iterations
could incorporate additional sensors or Al algorithms to expand the system's capabilities, such as detecting early signs
of health deterioration or predicting potential emergencies before they occur. Moreover, advancements in wearable
technology and miniaturization could enable the development of more discreet and comfortable monitoring devices,
further enhancing user acceptance and compliance. Additionally, the integration of telemedicine features, such as video
conferencing or remote consultations, could facilitate more comprehensive and personalized healthcare delivery for
paralyzed individuals, especially in remote or underserved areas. Furthermore, collaborations with healthcare providers,
researchers, and regulatory authorities will be essential to ensure the continued refinement and ethical deployment of
the PPHMS in real-world settings.

In summary, the PPHMS represents a significant step forward in leveraging technology to address the unique
healthcare needs of paralyzed individuals. With ongoing innovation and collaboration, the future holds immense
potential for further improving the effectiveness, accessibility, and impact of assistive technologies like the PPHMS in
enhancing the health and well- being of paralyzed individuals worldwide.
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