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Abstract—This paper presents a real-time hand gesture 
recognition system designed to assist patients and elderly 

individuals with limited verbal communication abilities. The 

system utilizes computer vision techniques through OpenCV and 
Media Pipe for hand landmark detection and feature extraction. 

Machine learning algorithms, including Random Forest, Support 

Vector Machine (SVM), and K-Nearest Neighbors (KNN), are 
employed to classify gestures and convert them into meaningful 

text outputs. Performance is evaluated using accuracy, precision, 

recall, and F1-score. Experimental results show that Random 

Forest achieves the highest accuracy among the models. The 
system provides a cost-effective, user-friendly, and real-time 

communication solution suitable for healthcare and assistive 

environments.. (Abstract) 

Keywords— Hand Gesture Recognition, Assistive System, 
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I. INTRODUCTION 
In recent years, rapid advancements in computer vision 

and machine learning have led to the development of 
intelligent systems capable of understanding and interpreting 
human gestures, thereby enhancing human-computer 
interaction. Hand gesture recognition, in particular, has 
emerged as a promising technology that enables users to 
communicate with digital systems in a natural and intuitive 
manner without relying on traditional input devices. This 
technology holds significant importance in the field of 
assistive systems, especially for patients with mobility 
impairments and elderly individuals who often face difficulties 
in verbal communication due to physical disabilities, age- 
related conditions, or temporary health issues. Conventional 
communication methods may not always be effective or 
accessible for such individuals, creating a need for alternative 
solutions that are simple, efficient, and user-friendly. The 
Patient Assistance System based on Hand Gesture 
Recognition aims to address this challenge by providing a 
gesture-to-text communication mechanism, allowing users to 
express their needs and concerns through predefined hand 
gestures. The system utilizes a webcam to capture real-time 
video input, which is processed using OpenCV, while Media 
Pipe is employed for accurate hand tracking and key point 
detection. The extracted features are then analyzed using 
machine learning algorithms such as Random Forest, Support 
Vector Machine (SVM), and K-Nearest Neighbors (KNN) to 
classify gestures and convert them into meaningful text 

outputs. One of the key requirements of this system is real-time 
performance, which demands a careful balance between 
computational efficiency and recognition accuracy. However, 
the development of such a system also involves challenges 
such as variability in gestures among users, environmental 
factors like lighting and background noise, and the limited 
availability of annotated gesture datasets for training robust 
models. Despite these challenges, the proposed system offers 
a cost-effective and accessible solution that enhances 
independence and improves the quality of life for patients and 
elderly individuals. Furthermore, the applications of this 
technology extend beyond healthcare into domains such as 
accessibility tools, smart environments, and virtual reality, 
making it a versatile and impactful innovation in modern 
assistive technology. 

II. LITERATURE SURVEY 

A. Selecting a Template 

Dutta et al. (2024) proposed a gesture recognition system 
using SIFT features, achieving good accuracy in controlled 
environments but showing poor performance in real-time 
scenarios due to sensitivity to noise and scalability issues. 
Kishore et al. (2024) developed a vision-based system using 
Elliptical Fourier Descriptors and Artificial Neural Networks. 
While the model handled complex shapes effectively, it 
suffered from high computational cost and segmentation 
errors. Xanthopoulos and Razzaghi (2023) introduced a 
Weighted SVM approach that improved classification 
accuracy but required large datasets and complex parameter 
tuning, limiting real-time applicability. 

Verma and Dev (2022) proposed a hybrid model using 
fuzzy clustering and finite state machines. Although flexible, 
the system had lower accuracy and higher computational 
complexity. 

Recent reviews highlight that sensor-based systems 
provide high accuracy but require additional hardware, 
whereas vision-based systems are more user-friendly but 
sensitive to environmental conditions 

. 

https://ijnrd.org/
http://www.ijnrd.org/
mailto:chitraashwin9896@gmail.com
mailto:danammani488@gmail.com
mailto:mahithchitturi1438@gmail.com
mailto:lokeshreddyd22@gmail.com
mailto:cholletishivadeep@gmail.com


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 4, April 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2604552 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

f384 

 

III. PROBLEM STATEMENT 

Effective communication is a fundamental necessity for 
individuals to express their needs, yet many patients with 
mobility impairments and elderly individuals face significant 
challenges in conveying their thoughts due to limited speech 
abilities or physical constraints. Traditional communication 
methods, such as verbal interaction or the use of keyboards 
and touch-based interfaces, are often not suitable or 
convenient for such users. This creates a communication gap 
that can lead to discomfort, dependency on caregivers, and 
delays in receiving timely assistance. Although various 
assistive technologies exist, many of them are either complex, 
expensive, or lack user-friendliness, making them less 
accessible for widespread use. 

Furthermore, developing a reliable hand gesture 
recognition system introduces additional challenges, 
including variability in gestures among different users, 
environmental factors such as lighting and background 
conditions, and the need for real-time processing with high 
accuracy. Another critical issue is the limited availability of 
annotated gesture datasets, which makes it difficult to train 
robust and generalized machine learning models. Therefore, 
there is a need to design and develop an efficient, accurate, 
and cost-effective patient assistance system that can recognize 
hand gestures in real-time and convert them into meaningful 
text, thereby enabling a simple and intuitive communication 
method. 

 Machine learning models (Random Forest, SVM, 
KNN) are trained 

 Models are evaluated using accuracy, precision, 
recall, and F1-score 

 The best-performing model is selected for deployment. 

2) Real-Time Prediction Phase 

o In the real-time phase: 
o Video input is captured through a webcam 

using OpenCV 
o Media Pipe detects hand landmarks and 

extracts key points 
o Extracted features are passed to the 

trained model 

o The model predicts the gesture class 
o The predicted gesture is mapped to a 

predefined text output 
The output is displayed instantly, ensuring effective 

communication. 

IV. Proposed System 

A. System Overview and Design Approach 
 

The proposed system is a real-time hand gesture- 
based assistive communication system designed to 

help patients and elderly individuals with limited 
verbal abilities. The system captures hand gestures 
using a webcam and converts them into meaningful 
text outputs using computer vision and machine 
learning techniques. 

The architecture integrates video acquisition, hand 
landmark detection, feature extraction, gesture 
classification, and output generation into a unified 
pipeline. The system is designed to be low-cost, user- 
friendly, and capable of real-time performance, 
making it suitable for healthcare and assistive 
environments. 

B. System Architecture 

The system follows a modular architecture consisting 
of two main phases: training phase and real-time 
prediction phase. 

1) Training Phase 

In the training phase, gesture data is collected 
and processed to build classification models: 

 Hand landmarks are extracted using Media Pipe 

 Feature vectors are generated from key point 
coordinates 

 Data is pre processed through normalization and 
scaling 

 
 

Identify applicable funding agency here. If none, delete this text box. 

 

 

 

 

C. Functional Modules 

 

1) Data Acquisition Module: 

Captures real-time video input using a webcam. 
OpenCV is used for frame extraction and processing. 
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2) Hand Detection and Tracking Module: 

Media Pipe is used to detect hand regions and 
extract 21 key landmarks representing finger positions and 
movements. 

3) Preprocessing Module: 

The extracted features are normalized and scaled 
to improve consistency and reduce noise in the data. 

4) Feature Extraction Module: 

Key point coordinates are converted into feature 
vectors, including relative distances between landmarks to 
represent gestures effectively. 

5) Gesture Classification Module: 

Machine learning algorithms such as: 

 Random Forest 

 Support Vector Machine (SVM) 

 K-Nearest Neighbours (KNN) 
are used to classify gestures based on extracted 

features. 

6) Output Generation Module: 

Recognized gestures are mapped to predefined 
text messages and displayed on the screen. 

7) User Interface Module: 

Provides a simple interface to display real-time 
predictions, ensuring ease of use for patients and elderly 
users. 

D. Working Principle: 

The system operates by continuously capturing 
video frames and processing them in real time. Hand 
landmarks are detected using MediaPipe, and relative 
distances between keypoints are computed to form feature 
vectors. These features are passed to a trained machine 
learning model, which predicts the corresponding gesture 
class. The predicted gesture is then converted into a 
predefined text message and displayed to the user. 

E. Design Considerations: 

The system is designed with the following considerations: 

Real-Time Performance: Minimal latency between input 

and output 
Accuracy: Reliable gesture classification using optimized 

models 
Cost Efficiency: Uses only a webcam without additional 

hardware 

Scalability: New gestures can be added easily 

Usability: Simple interface for non-technical users 

F. Advantages of the Proposed System 

 Enables communication for speech-impaired users 

 Works in real-time with minimal delay 

 Low-cost and hardware-independent 

 Easy to deploy in hospitals and homes 

 Scalable and extendable for future enhancements. 

V. IMPLEMENTATION DETAILS 
After the text edit has been completed, the paper is ready 

for the template. Duplicate the template file by using the Save 
As command, and use the naming convention prescribed by 
your conference for the name of your paper. In this newly 
created file, highlight all of the contents and import your 
prepared text file. You are now ready to style your paper; use 
the scroll down window on the left of the MS Word Formatting 
toolbar. 

A. Tools & Technologies 

Python, OpenCV, Media Pipe, Scikit-learn 

B. Algorithms Used 

 Random Forest 

 Support Vector Machine (SVM) 

 K-Nearest Neighbours (KNN) 

C. Evaluation Metrics 

o Accuracy 
o Precision 

o Recall 

o F1-score 

VI. Results and Discussion 
The results of the proposed Patient Assistance System 

based on Hand Gesture Recognition demonstrate the 

effectiveness and reliability of the implemented approach in 

real-time communication scenarios. The system was trained 

and tested using multiple machine learning algorithms, 

including Random Forest, Support Vector Machine (SVM), 

and K-Nearest Neighbors (KNN), to evaluate their 

performance in gesture classification. Among these models, 

the Random Forest classifier achieved the highest accuracy, 

followed by SVM and KNN, due to its ability to handle high- 

dimensional data and reduce overfitting. The performance of 

each model was assessed using evaluation metrics such as 

accuracy, precision, recall, and F1-score, ensuring a 

comprehensive analysis of classification efficiency. 

 
During testing, the system successfully recognized 

predefined hand gestures with high accuracy under 

controlled environmental conditions. The integration of 

Media Pipe for hand tracking significantly improved the 

precision of feature extraction, resulting in better model 

performance. The system also demonstrated efficient real- 

time processing capabilities, with minimal delay between 

gesture input and text output, making it suitable for patient 

assistance applications. However, some limitations were 

observed during experimentation, particularly under poor 

lighting conditions, complex backgrounds, or when gestures 

were performed too quickly or inaccurately. These factors 

occasionally affected the consistency of gesture recognition. 

The discussion of results indicates that while 

the system performs well in controlled environments, its 

performance can be further improved by increasing the size 

and diversity of the training dataset, optimizing model 

parameters, and incorporating advanced techniques such as 

deep learning. Additionally, enhancing the robustness of the 

system to handle variations in hand orientation and 
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environmental conditions would further improve its practical 
usability. Overall, the results validate that the proposed 

system is a viable and effective solution for enabling 

communication among patients and elderly individuals, 

offering a balance between accuracy, efficiency, and ease of 

use. 

 
Images: 

 

 

Fig. 1. Output 

 
MODELS AND EVALUATION 

 

 

 

Fig. 2. Model 

Random Forest is an ensemble learning method that 
constructs multiple decision trees and combines their outputs 
to improve classification accuracy and reduce overfitting. It is 
well-suited for high-dimensional feature spaces and provides 
robust performance in gesture recognition tasks. 

SVM is a powerful classification algorithm that identifies 
an optimal hyperplane to separate different gesture classes. It 
performs effectively in high-dimensional spaces and is 
capable of handling non-linear decision boundaries using 
kernel functions. 

KNN is a distance-based classification algorithm that 
assigns class labels based on the majority class among the 
nearest neighbors. Although simple and easy to implement, its 
performance depends heavily on data distribution and can be 
computationally expensive for large datasets. 

 

 

Fig. 3. Evaluation 

VI. CONCLUSION 

The Patient Assistance System based on Hand Gesture 
Recognition. Presents an effective and innovative solution for 

enabling communication among patients with mobility 

impairments and elderly individuals who face challenges in 

verbal interaction. By leveraging computer vision and 

machine learning techniques, the system successfully 

translates hand gestures into meaningful text, providing a 

simple, intuitive, and user-friendly communication interface. 

The integration of OpenCV for video capture and Media Pipe 

for accurate hand tracking and key point extraction 

significantly enhances the system’s ability to detect and 

interpret gestures with high precision. 

The implementation of machine learning 

algorithms such as Random Forest, Support Vector Machine 

(SVM), and K-Nearest Neighbors (KNN) allows the system to 

classify gestures effectively, with Random Forest showing the 

best overall performance in terms of accuracy and reliability. 

The system demonstrates strong real-time processing 

capabilities, ensuring minimal delay between gesture input 

and output generation, which is crucial for patient assistance 

applications. Experimental analysis confirms that the system 

performs well under controlled conditions and provides 

satisfactory accuracy in recognizing predefined gestures. 

 

Although the system shows promising results, certain 

limitations such as sensitivity to environmental conditions, 

limited dataset size, and challenges in handling complex 

gestures were observed., scalable, and practical solution that 

enhances independence and improves the quality of life for 

users. Overall, this project successfully achieves its objective 

of developing an efficient gesture-based communication 

system and contributes to the advancement of assistive 

technologies. 
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