£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 3, June 2025 Impact Factor: 7.67

Smart Paralysis Rehabilitation System

Prof. H. P. Pathade', Rahane Tanuja Goraksh’, Takate Pragati Jagdish®,
Sonawane Pooja Sitaram®, Sangale Shirish Baban®
' Assistant Professor, Department of Automation and Robotic Engineering
Student, Department of Automation and Robotic Engineering
12345 Amrutvahini College of Engineering Sangamner

2,345

Abstract: The Smart Paralysis Rehabilitation System is an innovative, sensor-based therapeutic
solution designed to support and enhance the recovery process of paralyzed patients through monitored
physical exercises. Integrating key components such as IR sensors on a hand wheel and pedal
mechanism, a pulse sensor within a control box, an Arduino Nano microcontroller, and a 16x4 LCD
display, the system offers real-time tracking of limb movements and vital signs. The IR sensors detect and
record upper and lower limb activity, while the pulse sensor continuously monitors the patient’s heart
rate to ensure safe levels of exertion during therapy sessions. All data is processed by the Arduino Nano,
which controls system logic and displays session progress, pulse rate, and movement counts on the LCD
screen. This feedback allows for better patient engagement, therapist assessment, and ensures that
exercises are performed within medically safe limits. By combining mechanical rehabilitation techniques
with smart monitoring, the system bridges the gap between traditional therapy and modern health
technology, offering a cost-effective, customizable, and user-friendly tool for both clinical and home-
based rehabilitation environments
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L. INTRODUCTION
Paralysis is one of the most debilitating conditions affecting millions of people worldwide, resulting from various
causes such as stroke, spinal cord injuries, or neurological disorders. Rehabilitation plays a critical role in helping these
individuals regain mobility, strength, and coordination. Traditionally, rehabilitation involves repetitive physical
exercises under the supervision of trained therapists. However, such therapy can be labor-intensive, time- consuming,
and expensive, often creating barriers for continuous, long-term treatment. This is where technology can play a
transformative role by offering intelligent, supportive tools to make rehabilitation more accessible, effective, and safe.
With the growing advancement in embedded systems and sensor technologies, there is a significant opportunity to
develop cost-effective, real-time monitoring solutions that assist patients in their recovery journey. The Smart Paralysis
Rehabilitation System is an innovative approach that leverages motion detection and vital sign monitoring to provide a
guided and interactive physical therapy experience. Designed to support both upper and lower limb rehabilitation, the
system incorporates motion sensors for activity tracking and a pulse sensor for physiological monitoring, enabling
precise and personalized exercise routines.
The system features a handwheel and pedal mechanism embedded with infrared (IR) sensors to detect and measure
rotational or linear limb movements. These sensors play a vital role in quantifying exercise intensity and frequency,
helping both the patient and therapist track progress objectively. Additionally, a pulse sensor integrated into the control
box continuously monitors the patient’s heart rate to ensure exercises are performed within safe physiological limits.
This not only prevents overexertion but also enhances the safety and reliability of the therapy process.
At the heart of the system is an Arduino Nano microcontroller, which acts as the central processing unit. It collects data
from the sensors, processes it using pre- programmed logic, and outputs relevant feedback through a 16x4 LCD display.
The display shows live updates such as the number of hand and leg movements, heart rate, and time spent on therapy.
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This immediate feedback loop fosters active participation from the patient and allows caregivers to make data-driven
decisions regarding the therapy's progression or necessary adjustments.

The system is not only technically sound but also designed with user-friendliness in mind. Its compact size, simple
interface, and real-time visual feedback make it suitable for home-based therapy as well as clinical setups. It promotes
independence among patients, reducing their reliance on continuous physical supervision. Moreover, the modular
design allows for easy enhancements such as Bluetooth connectivity or mobile application integration for remote
monitoring and therapy scheduling.

Overall, the Smart Paralysis Rehabilitation System presents a scalable and intelligent alternative to conventional
therapy methods. It combines the principles of physiotherapy with the advantages of embedded electronics, offering a
modern solution for a long-standing medical challenge. By empowering patients with real-time feedback and enabling
therapists to monitor recovery parameters effectively, this system bridges the gap between manual rehabilitation and
smart healthcare.

In the broader context of digital health and personalized medicine, this project exemplifies how interdisciplinary
engineering can lead to socially impactful innovations. It opens up new possibilities for patient-centered rehabilitation,
where progress can be quantified, therapy can be customized, and outcomes can be optimized—all through the
integration of simple yet powerful technology.

II. PROBLEM STATEMENT
The primary problem faced by individuals suffering from paralysis is the lack of accessible, affordable, and efficient
rehabilitation systems that provide continuous monitoring and guided physical therapy. Traditional physiotherapy often
requires one-on-one supervision, which can be costly, time- consuming, and logistically challenging, especially for
patients in remote or resource-constrained areas. Furthermore, these methods typically lack real-time feedback and vital
sign monitoring, which are essential for ensuring patient safety and therapy effectiveness. The absence of smart systems
that combine limb movement tracking with physiological monitoring creates a significant gap in

rehabilitation care. Therefore, there is a critical need for a low-cost, user-friendly, and sensor-integrated solution that
enables automated, safe, and effective rehabilitation for paralyzed patients both in clinical and home settings.

II1. OBJECTIVE
1. To study the use of IR sensors in detecting and measuring hand and leg movements during rehabilitation exercises.
2. To study the effectiveness of integrating a pulse sensor for real-time heart rate monitoring to ensure patient safety
during therapy.
3. To study the role of Arduino Nano in processing sensor data and controlling feedback mechanisms in rehabilitation
systems.
4. To study the functionality and advantages of displaying real-time exercise metrics using a 16x4 LCD display.
5. To study the overall impact of a smart, sensor-based rehabilitation system on the physical recovery process of
paralyzed patients.

IV. LITERATURE SURVEY

1. Smart Glove for Hand Rehabilitation Using Flex Sensors and Arduino

This paper explores the design and implementation of a smart glove intended for hand rehabilitation in patients
recovering from paralysis or stroke. The glove uses flex sensors to detect the degree of finger movement, which is then
processed by an Arduino microcontroller. The collected data is displayed in real-time, allowing both patients and
therapists to monitor progress during rehabilitation exercises. This research emphasizes the importance of accurate
motion sensing and cost-effective hardware, providing valuable insights for designing upper limb rehabilitation
systems. It also highlights how sensor-based technology can be adapted for home-based therapy, making it accessible to
a wider population.
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2. Development of a Smart Rehabilitation System for Stroke Patients

This study presents a comprehensive smart rehabilitation system tailored for stroke patients, focusing on upper and
lower limb motor recovery. It integrates multiple sensors, including accelerometers and IR sensors, to track limb
movements. The system is controlled using an Arduino- based microcontroller and provides immediate feedback to
users via a visual display interface. The authors emphasize the significance of combining interactive elements with
continuous monitoring to enhance patient motivation and therapy outcomes. The study supports the adoption of
embedded systems in physical therapy and underscores the relevance of real-time data in improving rehabilitation
effectiveness.

3. Pulse Rate Monitoring System Using Arduino and Pulse Sensor

The paper details a real-time pulse monitoring device using an Arduino and an optical pulse sensor. Designed for
continuous tracking of heart rate, this system ensures that physical activities, such as rehabilitation exercises, are
performed within safe limits. Data is processed through the Arduino and displayed on an LCD screen, offering
immediate insight into the user's physiological state. This research is highly relevant to rehabilitation technologies
where patient safety is a concern, especially for individuals with cardiovascular risks. The system’s simplicity and cost-
efficiency make it an ideal component for integration into broader smart health solutions.

4. Low-Cost Home-Based Rehabilitation Systems for Neuromuscular Disorders

This paper investigates various affordable rehabilitation solutions aimed at patients with neuromuscular disorders,
including paralysis. It reviews existing technologies that use microcontrollers like Arduino, alongside basic sensors and
mechanical interfaces, to support therapeutic activities. The focus is on accessibility and user independence, enabling
patients to perform exercises at home without constant professional supervision. The study highlights the benefits of
modular and scalable designs that can be customized to suit individual recovery needs. It provides a strong foundation
for developing smart rehabilitation systems that balance cost, functionality, and ease of use.

5. Design and Implementation of a Smart Exercise Bike for Lower Limb Rehabilitation

This research outlines the development of a smart exercise bike equipped with IR sensors and a microcontroller for
tracking leg movement during therapy sessions. The system is designed to help patients improve lower limb strength
and mobility through guided pedaling exercises. Real-time feedback is provided via a display unit, allowing users to
monitor progress and maintain consistent routines. The study supports the effectiveness of sensor-based rehabilitation
devices in promoting physical recovery and offers valuable design strategies for incorporating leg motion tracking into
broader rehabilitation systems. It is directly applicable to projects focusing on lower limb rehabilitation technologies.

V. PROPOSED SYSTEM
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Fig.1 EMG sensor
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Fig.3 Heart Rate And Pulse Oximeter Sensors
The Smart Paralysis Rehabilitation System is designed to aid patients suffering from paralysis by facilitating controlled
and monitored rehabilitation exercises for their hand and leg movements. The system integrates sensors,
microcontrollers, and display modules to create an interactive and safe therapeutic environment.
1. Handwheel with IR Sensor
The handwheel is equipped with an Infrared (IR) sensor that detects the rotation movement made by the patient’s hand.
When the patient rotates the handwheel as part of rehabilitation exercise, the IR sensor captures the angular movement
and sends pulses corresponding to the speed and direction of rotation to the Arduino Nano microcontroller. This data
helps in assessing the patient’s hand mobility and motor control. The sensor’s contactless nature allows smooth and
hygienic operation without physical wear and tear.
2. Pedal Mechanism with IR Sensor
Similar to the handwheel, the pedal mechanism is embedded with an IR sensor that monitors leg movements during
pedaling exercises. As the patient presses and rotates the pedals, the IR sensor registers the motion parameters,
including pedal rotations per minute and overall activity duration. These motion signals are transmitted to the Arduino
Nano, enabling precise tracking of the lower limb rehabilitation progress.
3. Control Box with Pulse Sensor
The control box serves as the central processing hub and incorporates a pulse sensor to monitor the patient’s heart rate
in real time during the rehabilitation exercises. The pulse sensor measures the blood flow variations under the skin to
detect the pulse rate and sends the data to the Arduino Nano. Monitoring the pulse ensures that the patient is exercising
within safe cardiovascular limits, preventing overexertion and enhancing safety during therapy.
4. Arduino Nano Microcontroller
At the core of the system is the Arduino Nano microcontroller, which receives input signals from the IR sensors
attached to the handwheel and pedal, as well as from the pulse sensor. The Arduino processes these sensor inputs to
calculate movement metrics such as rotation counts, speed, and pulse rate. It applies programmed algorithms to analyze
whether the patient’s movements are within expected therapeutic parameters and can trigger alerts or modifications
accordingly.
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5.16 x 4 LCD Display

The processed information, including hand and leg movement counts, speed, and real-time pulse rate, is displayed on a
16x4 LCD screen. This visual feedback allows patients and therapists to monitor the rehabilitation session easily.
Patients can observe their exercise performance, which encourages motivation and adherence. Therapists can also use
this data to adjust therapy intensity and duration dynamically.

6. IR Sensor:

Fig 4 IR sensor

7. System Workflow

* The patient starts the rehabilitation session by gripping the handwheel and/or pedaling the mechanism.

* IR sensors detect the motion and send pulses to the Arduino Nano.

» Simultaneously, the pulse sensor continuously monitors the patient’s heart rate and sends data to the Arduino.

* The Arduino processes all inputs and calculates relevant parameters.

* The 16x4 LCD displays movement data and pulse rate in real-time.

« If the pulse rate exceeds safe thresholds or movement data is abnormal, the system can alert the patient or therapist to
pause or modify the exercise.

* All data can be logged for post-session analysis and progress tracking (if additional storage is incorporated).

VI. RESULT

The Smart Paralysis Rehabilitation System successfully demonstrated accurate real-time monitoring of hand and leg
movements using IR sensors, alongside continuous pulse rate tracking with the pulse sensor. The integration with the
Arduino Nano microcontroller and the 16x4 LCD provided clear and immediate feedback, which helped patients
maintain proper exercise routines. Preliminary testing indicated improved engagement and safety during rehabilitation
sessions, with the system effectively detecting motion patterns and physiological responses. These results suggest that
the device can enhance therapy outcomes by providing consistent monitoring and motivation for patients recovering
from paralysis.

Fig 5: model
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The Smart Paralysis Rehabilitation System, equipped with a handwheel and pedal mechanism each integrated with IR
sensors, effectively captured precise motion data for both upper and lower limb exercises. The control box, featuring a
pulse sensor, continuously monitored the patient’s heart rate to ensure safe exercise intensity. All sensor inputs were
processed by the Arduino Nano microcontroller, which coordinated the real-time data analysis. The 16 x 4 LCD display
provided clear, immediate feedback on handwheel rotations, pedal movements, and pulse rate, allowing patients and
therapists to track rehabilitation progress during sessions. The system demonstrated reliable performance in detecting
movement patterns and physiological responses, contributing to safer and more engaging therapy experiences for
paralysis patients.

VIL. FUTURE SCOPE

Future enhancements of this rehabilitation system could include wireless connectivity for remote monitoring by
healthcare professionals, enabling tele-rehabilitation. Integration of data logging and analytics could allow long- term
progress tracking and personalized therapy adjustments using Al algorithms. Expanding the sensor suite to include
electromyography (EMG) or motion capture could offer deeper insights into muscle activity and joint movement.
Additionally, the development of a mobile app interface could increase accessibility and patient engagement, while
modular design improvements may allow the system to be adapted for various types of motor impairments and
rehabilitation exercises.

VIII. CONCLUSION
The Smart Paralysis Rehabilitation System offers a promising, cost-effective solution for assisting patients in regaining
motor functions through monitored and interactive rehabilitation exercises. By combining IR sensors, pulse monitoring,
and an easy-to-use display interface controlled by Arduino Nano, the system provides real-time feedback that enhances
safety and motivation during therapy. This technology has the potential to transform traditional rehabilitation methods,
making therapy more accessible and efficient, ultimately contributing to improved patient recovery and quality of life.
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