International Journal of Scientific Research and Engineering Development-— Volume 8 Issue 2, Mar-Apr 2025
Available at www.ijsred.com

RESEARCH ARTICLE OPEN ACCESS

Gesture Based Rehabilitation Gloves for Stroke Patients

Vinusha S, Preethi R, Yamuna Rupini J, J. Doulas

Computer Science, Francis Xavier Engineering College, Tirunelveli — TamilNadu - India
vinushas.ug2?2.cs @ francisxavier.ac.in

Computer Science, Francis Xavier Engineering College, Tirunelveli — TamilNadu-India
preethi.ug.22.cs@francisxavier.ac.in

Computer Science, Francis Xavier Engineering College, Tirunelveli — TamilNadu-India
yamunarupinij.ug22.cs@francisxavier.ac.in

Computer Science, Francis Xavier Engineering College, Tirunelveli — TamilNadu-India
doulasj @francisxavier.ac.in

Abstract:

Smart Gloves solution addresses the needs of real-time health data collection, real-time health
monitoring, and worker safety through its state-of-the-art wearable technology-based solution. Smart
gloves contain sensors that can monitor vital health parameters like heart rate, body temperature, and hand
movement and also for the identification of hazardous situations in the environment like gas leaks or
abnormal temperatures. With wireless connectivity and embedded systems, the gloves collect real-time
data and transmit it to cloud servers for monitoring and analysis. Timely response during emergencies and
superior user safety are made possible through smart alert capabilities, gesture sensing, and IoT integration
within the system. A simple, clean mobile and web interface makes it possible for health professionals,
industrial managers, and users to have access to real-time data, receive health alerts, and make informed
decisions in a timely manner. This technology-enabled solution not only provides personal defense and
occupational wellbeing but also allows preventive healthcare, smart industry operation, and rapid
emergency response through the provision of real-time precise intelligence from wearables smart devices.

Keywords — Real-Time Health Monitoring, Smart Glove Technology, Wearable Safety Devices, IoT-
Enabled Systems, Embedded Sensors, AI Health Diagnostics, Industrial Safety Wearables, Cloud-
Based Monitoring, Gesture-Controlled Wearables, Predictive Health Tools

deterioration. Extended periods of residence in
I. INTRODUCTION

dangerous situations or poisoned surroundings

Industrial  hazards and unforeseen health without constant observation threaten severe
complications have become a top priority in damage, long-term illness, and death. This
industries, hospitals, and general settings. In the highlights the necessity of continuous health

backdrop of increased physically strenuous work,
elderly populations, and health hazards due to
delayed medical treatment, there is an increased
requirement for smart, real-time monitoring
systems. Conventional health screening and routine
safety gear fall short of early detection of symptoms
of physical fatigue, weariness, or environmental

monitoring and instantaneous danger notifications
through smart wearable technology in risk
reduction and peak wellness.

In spite of growing awareness of employee
workplace health and safety, most individuals and
workers have no access to real-time health
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monitoring equipment capable of detecting key
signs like abnormal temperature, heart rate
variability or workplace hazard. Conventional
safety devices provide little or no protection with
little or no ability to sense or react to physiological
change or workplace hazards in a timely fashion.
Additionally, the majority of current systems lack
personalized information or predictive analytics;
users are not aware of upcoming health threats.
Significantly, the lack of smart safety wearables
translates to reactive actions instead of proactive
prevention, thus exposing them to declining health
or injuries in their work and personal settings.

The Smart Gloves for Health Monitoring and Safety
initiative will be used to address these challenges
through the use of a novel wearable technology that
combines biometric measurement, environmental
sensing, and real-time data analysis. Intelligent
gloves with sensors that can track vital parameters
such as body temperature, heart rate, and movement
of the hand, or environmental parameters such as
ambient temperature or exposure to harmful agents
are seen to be made. With the might of IoT,
embedded systems, and wireless communication,
the gloves upload real-time safety and health
information to a web and mobile application-
enabled centralized system. This allows users,
caregivers, and safety officers to respond quickly
and make appropriate decisions from correct and
up-to-the-minute information.

One of the built-in advantages of the smart gloves
system is that it is able to give real-time updates
and prompt alerts based on the user's health status
and weather or surroundings. Users are given visual
and auditory warnings through an easy-to-use
interface when a critical limit is reached—a raised
body temperature, abnormal pulse, or hazardous
ambient temperature—so that they may react before
the situation gets worse. The system is remote
monitoring-capable, enabling health care workers,
supervisors, or family members to monitor real-
time data and receive alarms from anywhere,
providing ongoing monitoring and prompt
intervention as needed.

Available at www.ijsred.com

In order to augment the predictive power of the
system even further, machine learning algorithms
are employed to track user-specific tendencies and
discover anomalies over a long period of time. By
observing historic trends in health, the system is
able to identify best anomalous changes and issue
early warnings for the sake of avoiding future
emergencies. Through these clever analyses, not
only are individuals benefited, but clever insights
are presented to the use of healthcare organizations
and safety regulators in considering health trends,
identifying frequent risk indicators, and making
prevention plans. In industry, these kinds of data
may be applied towards decreasing industrial
accidents, enhancing productivity, and making
health compliance efficiently.

Moreover, the smart gloves also help build safer
environments by empowering smart healthcare
systems, elderly care, rehabilitation monitoring, and
workplace safety measures. The data acquired can
be stored securely in the cloud, thus becoming long-
term storage, accessible, and scalable. Instincts
acquired through data collected help organizations
and policy-makers embrace improved health
standards, training practices, and control of risks.
By recognizing patterns of repeated stress or risk
zones, institutions can take preventive measures in
enhancing safety features and preventing accidents.

With biometric monitoring made easy in real-time,
wireless data transmission, intelligent alert
capabilities, and encrypted data analysis, the Smart
Gloves system is transforming industry-wide health
and safety standards. Filling the gap between
physical health and intelligent technology, this
solution empowers individuals to be in charge of
their wellbeing, enables organizations to provide
worker safety, and supports caregivers to provide
better care. As a technology-driven solution, this is
a leap to a healthier, safer, and more connected
future for individuals and society.

II. ALGORITHMS

There are several algorithms utilized in the
Gesture-Based Rehabilitation Glove System to
detect accurate hand movement, smooth interaction,
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and quick data processing. The system has the
potential to facilitate patient rehabilitation via
gesture-based therapy and feedback on leveraging
advanced algorithms for enhanced user experience
and improved rehabilitation results. Algorithms
play an essential role in the operation of hand
movement tracking, servo motor control, data
processing, and provision of personalized
rehabilitation feedback. The major algorithms
utilized within the system are as follows:

A. Hand Movement Detection Algorithm

Computer vision algorithms, utilizing OpenCV,
are used by the system to capture and process live
video streams of the patient's hand throughout the
duration of therapy exercises. The frames of the
video are continuously grabbed from the webcam.
OpenCV contour detection and object detection
algorithms are used for detecting the position and
movement of the hand. Based on the position of the
detected hand, the algorithm follows the movement
of the hand towards the target (e.g., the virtual ball
in the game) and identifies the hand closure as the
gesture continues. This enables the system to follow
and trace the movement of the patient's hand in real
time, such that timely and accurate feedback can be
given during the rehabilitation task.

B. Algorithm for Servo Motor Control

The servo motors used in the glove simulate the
closing of the hand as a reaction to the actual
sensed hand movement. The servo's control
algorithm used ensures the following:

Proximity thresholds are being tested when the
virtual environment ball is moving toward the
sensed position of the hand.

When detected, the system issues angle commands
to the servo motors to close the hand.

The algorithm makes sure that the servo motors
mimic the hand-closing movement gradually and
smoothly.

When the hand achieves the desired closure or ball
departure, servo motors revert to their original
position.

The algorithm makes sure that there is smooth hand
movement, and the servo motors naturally react to
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game stimuli, mimicking real hand closure during
rehab exercises.

C. Algorithm for Game Interaction and Stimulus

Generation

The game interaction algorithm is to stimulate
the hand-closing gesture of the patient from an
engagement with a virtual ball. The virtual ball
translates over the screen in a preprogrammed or
random trajectory. OpenCV extracts the video
stream to track the ball position over the hand
position. After the ball is in close proximity, the
system sends a command to the servo motors to
replicate the hand-closing action to prompt the
patient to follow the task. The game also acts as a
visual stimulus to the patient, causing him/her to
make the necessary hand movements for their
rehabilitation.

D. Algorithm for Storage of Real-Time Data and Access

The data gathered in real-time during the

rehabilitation sessions, including hand position,
hand closing time, and servo motor control, is
stored and can be monitored.
Performance data is gathered in every session and
stored in a MySQL database in formatted tables.
The information gathered includes patient data,
session logs, and video logs. Healthcare
professionals can see and access session data
through a web dashboard, allowing for detailed
tracking of patient progress. This data storage
algorithm ensures that video and performance data
are stored securely and efficiently, with convenient
access for medical professionals to monitor the
patient's rehabilitation process.

E. Algorithm for Patient Progress Evaluation

To ascertain the progress of the patient during
therapy, the system aligns real-time data with pre-
defined standards for accuracy and speed of hand
movement.

The algorithm maps the recognized hand gesture to
the target motion to evaluate the quality of the
patient executing the rehabilitation task. The
performance such as closure time, hand movement
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smoothness, and consistency is computed and
compared across time. The assessment algorithm
returns a remark on how the patient has improved
or areas for improvement so that healthcare
providers can take informed decisions.

F. Anomaly Detection Algorithm

In order to determine that the rehabilitation
process is proceeding as intended, the system has
included anomaly detection algorithms to detect
any irregularities in the hand movement of the
patient.

The system continuously checks the hand
movement data for anomalies or irregularities, like
missing movements or overextension of fingers. If
hand movement goes beyond expected limits, the
system flags such as anomalies and raises an alert to
inform healthcare professionals of possible
problems. This anomaly detection algorithm allows
any interruption to the rehabilitation process to be
quickly detected, facilitating improved patient care.

G. Real-Time Feedback and Visualization Algorithm

The system gives real-time feedback to the

patient in rehabilitation sessions in terms of hand
movement observed.
The system monitors the patient's hand position and
closure in real time. The system provides feedback
in terms of speed and accuracy of hand movement
as "Excellent", "Good", or "Needs Improvement".
Feedback to the patient is in the form of visual cues
within the game interface, encouraging him/her to
enhance performance. The feedback system
provides patients with continuous, tailored feedback
during rehabilitation.

III. PROPOSED SYSTEM

Gesture-Based Rehabilitation Glove System is a
system that uses advanced gesture recognition
technology, wearable technology, and Al-based
rehabilitation models to offer personalized, real-
time therapy to patients. The system can be used to
help patients with hand rehabilitation, e.g., injured
patients, neurological disease patients, or post-
surgery recuperation. Rehabilitation is done through
interactive exercise stimulating hand movement to
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induce mobility and muscle strength. The system is
web and mobile platform-based with real-time
feedback and progress, and data privacy and
integrity are maintained by secure data storage
processes.

IV.  WEB AND MOBILE PLATFORM
BASED

The Gesture-Based Rehabilitation Glove System
will be offered through a web application and an
app, giving patients the option of rehabilitation at
home or in the clinic. It will be user-friendly and
have multi-language function for support for a
wider population. Patients will have the ability to

monitor  progress in  real-time, = monitor
rehabilitation sessions, and obtain customized
suggestions for therapy, while clinicians can

monitor progress remotely.

V. AI-BASED GESTURE RECOGNITION

The most difficult thing to observe is hand
movement. Hand motion is detected and followed
in real time using computer vision-based computer
software in combination with Artificial Intelligence.
Software gives accuracy to detail when it comes to
correctness of hand gesture, velocity, and steadiness,
monitor progress and adjust rehab drill suitably as
and when needed. The Al-based system can be
tuned according to the individual's own movement
manner and can furnish individual rehabilitation
target and exercises to the individual.

VI. REAL-TIME REHABILITATION
FEEDBACK

For real-time feedback, the system provides
feedback in real-time during therapy. During
patients' hand movement training, the system
provides feedback as per pre-defined criteria and
rate "Excellent", "Good", or "Needs Improvement".

The immediate feedback stimulates patients to
exercise and ensures that patients exercise correctly,
which is vitally important for healing.

VII. INTEGRATED GAME-BASED
THERAPY
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To complement the rehabilitation process, the
system also incorporates an in-built game-based
therapy in the form of game playing by the patients
in a virtual world. Patients utilize their hand
movement in controlling objects within the game,
for instance, catching virtual balls or manipulating
things within the screen. The game-based therapy
compels the patient to work the muscle harder and
more often, students doing it themselves in most
cases.

VIII. SECURE DATA MANAGEMENT AND
PRIVACY

As the health information is to be taken into
consideration as personal, there will be strong
security measures to protect patient information.
The data will be encrypted with strong encryption
practices, and blockchain technology will be one of
the things to include on the list of utilizing in
tamper-evident record-keeping. The patients and
not only the healthcare professionals will have faith
in the integrity of data gathered in rehabilitation
sessions.

IX. WEARABLE TECHNOLOGY
INTEGRATION

Real-time hand movement tracking optimized
wearable sensor integration will be realized within
the Gesture-Based Rehabilitation Glove. Sensors
can detect finger motion, wrist rotation, and closure
of the hand and send signals into the system to be
processed. Integration such that the system gives
immediate feedback of control over the glove
actuation systems offers real-time precision for
imitation of hand movements during rehabilitation

X. PATIENT MOTIVATION AND
ENGAGEMENT

To make the patients cooperative and interactive,
the system has a reward system whereby the
patients are awarded points, badges, or new levels
depending upon their rehabilitation exercises
performance. When the patients play the game-
based therapy, the patients get involved more
actively in the process throughout the duration of
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therapy sessions and are more apt to recover
speedily.

XI. TECHNOLOGY

The Gloves Project is powered by advanced
Artificial Intelligence (AI) to translate user
information and adjust glove settings in real-time. It
is IoT and Bluetooth-capable for seamless
integration of gloves and smartphones, real-time
feedback, and data synching. Sensor technology
built-in offers precise measurement of motion,
pressure, and temperature to create a personalized
and adaptive user experience.

The system employs cloud computing to safely
process and store the data efficiently, with scalable
applications constantly undergoing updates. With
integration of blockchain technology, the system
offers tamper-evident, safe, and clear evidence of
glove use.

XII. EXPECTED BENEFITS

The Gloves Project enhances comfort and
performance for the wearer with the needs of every
individual met for business, fitness, or any other
purpose. The system enhances productivity, safety,
and precision application in business. The system
enhances well-being through instant user feedback
on body activity, preventing injuries, and general
well-being. Through relentless innovation and Al
vision, the system offers a healthier, safer, and more
productive future.

XIII. FLOWCHART
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XIV. RESULT AND DISCUSSION

Development and deployment of the Smart
Gloves system have been phenomenal milestones in
wearable technology, particularly in real-time
gesture understanding, assistive communication,
and environmental sensing. The strength of the
system is its ability to translate complex hand
gestures into high-accuracy digital signals, making
it extremely valuable for individuals who have
speech or hearing impairment. By utilizing
embedded flex sensors, accelerometers, and
temperature sensors, the gloves record dynamic
finger movement, hand orientation, and ambient
conditions and transmit them wirelessly to a
receiver module for real-time processing.

Artificial Intelligence (AI) has dramatically
enhanced learning and adaptation of the glove.
Various Al models utilizing various sets of gesture
data have enabled the system to identify
multifarious hand gestures with minimal or no
error. The use of machine learning has also made it
possible for the system to learn and evolve over
time based on user behavior, becoming increasingly
sensitive and personalized. For use in applications
such as sign language recognition, the Smart
Gloves provide a valuable solution to fill the
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communication gap between hearing individuals
and speech-impaired individuals.

From the point of data integrity and security, use
of blockchain technology guarantees that whatever
is recorded on the blockchain remains tamper-
proof, verifiable, and unchanged. This becomes
particularly critical within medical or legal
environments where ensured and trustworthy
reportage of health history or behavior is required
on the part of users. The operation of fraud
detection offered by way of the use of smart
contracts also enables the identification of outliers
or aberrations from patterns of data, adding further
to the reliability and credibility of the system.

Additionally, the Smart Gloves system takes
advantage of cloud computing to analyze and store

enormous amounts of data, with benefits of
scalability and rapid access on devices. The
architecture  leaves space for  monitoring

performance, improving functionality, and remotely
updating for users and developers. The application
of real-time communication with IoT between
glove and systems connected offers low latency and
real-time feedback, which is necessary in time-
sensitive environments such as industrial safety use,
robotics, and emergency response systems.

User interaction has also been a deciding factor
in how the system operates. A built-in rating and
feedback module allows users to mark gesture
recognition errors, make improvement suggestions,
and verify predictions, thus allowing improved
continuous improvement. Multi-language support
accommodates use by different location users in
their own languages for diversity and accessibility.

Despite numerous strong features, the system is
not absolutely free from flaws. Sensor calibration
errors that occur periodically account for very
minute errors in gesture identification. Power
management remains a problem, especially when
the gloves are continually used over a long period.
Resistance from users, particularly from less

technologically inclined  societies, demands
awareness campaigns and training programs.
Additionally, blending various technologies at

times leads to compatibility issues, which require
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ongoing system maintenance and hardware tuning.

But the Smart Gloves project also made a clear
case for intelligent wearable solutions having real-
world application. Its hand gesture recognition,
environmental — monitoring, Al  computation,
blockchain security, and user-centered design, the
system has the potential to disrupt the way in which
humans interact with digital realms and with one
another.

XV. CONCLUSION

The Smart Gloves project marks a significant
benchmark in wearable aid technology. Through the
integration of the collaboration of Artificial
Intelligence, 10T, blockchain, and sensor-based data
capture, this system has successfully illustrated the
world that traditional communication barriers in
healthcare, human-computer interaction, etc., could
be overcome with today's technology. The gloves,
besides real-time gesture tracking, also support
environmental  feedback and secure data
transmission, hence being useful to a very wide
variety of industries and societal settings.

For individuals with speech or hearing
impairment, the Smart Gloves offer a voice—a
voice that translates sign language into text or
voice, enabling convenient interaction with other
individuals. For medical use, the gloves'
environmental and biometric sensing features can
enable caregivers and doctors to monitor patient
conditions remotely. For industrial use, workers are
able to use the gloves for contactless machine
operation or for crossing hazardous terrain, thereby
ensuring process efficiency and safety.

The application of blockchain adds a level of
security and transparency to guarantee that all
sensor data and interactions are properly logged and
cannot be tampered with. This aspect is especially
important when the gloves are being utilized in
mission-critical applications where data integrity is
paramount. Furthermore, the multilingual interface,
user feedback loop, and cloud connectivity make
the system deployable globally and flexible.

While hardware optimization issues, power
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consumption, and end-user training continue, these
are being addressed actively by continued
development, testing, and end-user response. The
future of Smart Gloves is increasingly integrated Al
for gesture anticipation, extended battery life
through power-conserving modules, and increased
distribution through economically viable mass-
market production.

In a very real sense, the Smart Gloves system is a
wearable device—but it is so much more than a
gadget. It is an inspiring solution for inclusivity,
accessibility, and innovation. It enables individuals
to communicate, control, and interact in alternative
ways while their data remains safe and intact. As
we move into a more connected and intelligent
world, technologies like the Smart Gloves pave the
way for a future where technology truly serves the
needs of mankind, enhancing lives in all facets of
society.
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