© 2025 JETIR April 2025, Volume 12, Issue 4 www.jetir.org (ISSN-2349-5162)

NS pliNeli{el ISSN: 2349-5162 | ESTD Year : 2014 | Monthly Issue

JOURNAL OF EMERGING TECHNOLOGIES AND
INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

Smart Gesture Recognition Cursor Control
System

Mrs. A.Manga Devi !, Mr. Doodala Konda Babu 2, Ranganadham Jala Naga Hemalatha 3, Champati
Ravi Kiran Jagannadha Varma 4, Gandepalli Siva Harshith Kumar °, Makireddy Siva Sai Teja ©

12 Assistant Professor, 4%¢B.Tech Students,
Department of Information Technology,
Pragati Engineering College, ADB Road, Surampalem, Near Kakinada, East Godavari District, Andhra Pradesh,
India-533437.

ABSTRACT:

Users now benefit from the Gesture-Controlled Virtual Mouse development which allows them to interact
with devices through touchless hand gestures. This paper details the development process of the Gesture-Controlled
Virtual Mouse using Machine Learning while explaining how the MediaPipe library supports gesture recognition
features. The system offers five essential functions which include gesture-based cursor navigation and both left and
right click capabilities and application scrolling features alongside specific hand motions for volume control
improvement. Users with disabilities benefit the most from this system which strengthens accessibility standards and
maintains clean hygienic zones where touch input should be avoided. Traditional input devices receive replacement
through this solution that implements an interaction system which puts hygiene and inclusivity at the forefront. The
study demonstrates operational system effectiveness and behavioral potential of technology interface changes
through its integrated Machine Learning and Computer Vision approach. The study reveals a practical value of this
approach for daily computing operations which creates new possibilities throughout diverse professional domains.
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1. INTRODUCTION

The development of gesture recognition technology has significantly progressed throughout the past decades
because it transformed human-computer interactions. During the early stages gesture-based systems could only track
basic movements because their control functions were very simple. The combination of Computer Vision and
Machine Learning brought about the creation of advanced algorithms which can precisely understand diverse hand
motion expressions. The advancement has created user-friendly methods of interaction between humans and
computers that support novel developments in numerous fields.

The current state of traditional input mechanisms using mice and keyboards remains unchallenged even
though these devices have fundamental operation flaws. These physical devices need to touch the user directly thus
they create problems in specific situations when you cannot use them properly especially in medical facilities and
environments where hygiene rules have to be followed or by people with limited motor skills. Technology users now
require contactless solutions more than ever so researchers seek accessible user-input methods that provide excellent
efficiency and adaptability features.

The Gesture-Controlled Virtual Mouse functions as a solution for these problems through an entirely touch-
free approach that depends on hand movements for controlling computers. Real-time gesture recognition becomes
possible through this system because it applies Machine Learning and Computer Vision techniques while using the
MediaPipe library. The system has three central goals that include enabling people without standard computer
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controls to access features while offering simpler usage for all users and maintaining efficient system performance
through smooth and rapid cursor movements.

The Gesture-Controlled Virtual Mouse reaches its goals which create better user experiences and advance
gesture-based computing development for future applications. This document examines the development process
alongside the functionality and human-computer interaction aspects of the system while demonstrating its capacity to
revolutionize technology interaction methods throughout different fields.

2. OBJECTIVES OF STUDY
The main goal of this research investigates the development and analysis of the Gesture-Controlled Virtual
Mouse as an advanced touchless user interface system that enhances computing-human dialogue. A system has been
developed which solves the challenges of standard input devices through an accessible and sanitary approach suitable
for people with impairments and situations that cannot use touch yet requires input functionality. The system
employs Machine Learning technology together with Computer Vision functionality supported by the MediaPipe
library to provide real-time gesture detection which enables cursor movement and execution of clicking commands
and volume changes and scroll operations. The current research evaluates the system performance as well as its
efficiency and user adaptability to assess compliance with contemporary computing requirements. Research explores
both the wider benefits of gesture-based tech for different application accessibility alongside usability improvements.
The research strives to advance touchless computing and establish fundamental elements that will lead development
in human-computer interaction.
Key Objectives
1. The system must develop a mechanism to allow disabled users to operate computers without having to depend
on standard input devices.
2. Users require an easy-to-use contactless system interface which simplifies control functions while making
interactions more user-friendly.
- Operational Efficiency: Optimize real-time gesture recognition for smooth, accurate cursor control and
response.
3. The system provides contactless operations to decrease contamination hazards particularly in healthcare
facilities and public buildings.
4. The field of human-computer interaction would benefit from my work because | intend to integrate Machine
Learning and Computer Vision for gesture recognition through technological advancement.
5. The system should have adaptability features that enable its use across applications such as assistive
technology together with smart homes and virtual reality platforms.

3. BACKGROUND WORK
Below is a literature survey table summarizing key research papers on gesture-controlled virtual mouse

systems, focusing on their findings and identified problem gaps:

Author(s) . -
and Year Paper Title Findings and Problem Gap
Proposed a virtual mouse using RGB-D images and fingertip
Real-time virtual mouse system | detection with Kinect V2, achieving real-time tracking at 30 FPS.
Tran et al., : . . .
using RGB-D images and The system demonstrated high accuracy in real-world
2021 . . : i ) ) . .
fingertip detection environments using a single CPU. However, reliance on Kinect
limits accessibility due to hardware requirements.
Developed a virtual mouse interface employing a two-layered
Rohetal., | A virtual mouse interface with a | Bayesian network for hand gesture recognition. The approach
2017 two-layered Bayesian network improved recognition accuracy but faced challenges in dynamic
and complex backgrounds, affecting robustness.
Introduced a system combining adaptive color models and
A Visual System for Hand background subtraction for hand gesture recognition. While
Okkonen et P L . .
Gesture Recognition in Human- | effective in controlled environments, the system's performance
al., 2007 : . NS
Computer Interaction degraded in cluttered scenes, indicating a need for enhanced
robustness.
Shiblv et Design and Development of Presented a virtual mouse system using hand gestures,
al 28’19 Hand Gesture-Based Virtual demonstrating feasibility in controlling computer functions. The
B Mouse study highlighted issues with gesture misinterpretation and the
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necessity for user training to achieve proficiency.
Implementation and Evaluated various hand gesture recognition methods for virtual
Ahmed et Performance Analysis of mouse applications, identifying trade-offs between accuracy and
al., 2019 Different Hand Gesture computational complexity. The study emphasized the need for
Recognition Methods real-time performance optimization.
Implementation of Virtual Proposed a real-time virtual mouse controller based on hand
Bhole et al M(?use Control Svstem Usin gestures and computer vision, enhancing user interaction without
2023 N Hand Gestures fo¥ Web Servgi]ce physical devices. The system faced challenges in accurately
Discover interpreting diverse hand gestures, suggesting a need for improved
y recognition algorithms.
Deep Learnina-Based Real- Developed a real-time Al virtual mouse system utilizing deep
Shriram et Timg Al Virtl?al Mouse Svstem learning and computer vision to minimize physical contact during
al. 2021 Using Computer Vision tg the COVID-19 pandemic. The system achieved high accuracy but
N Avoi?j CO\}OID—19 Spread required substantial computational resources, limiting its
P deployment on standard hardware.
. Introduced a real-time hand gesture recognition system for
Faroog & 53?;%' t;?':i%mg? 3§E:Ulrﬁer computer interaction, demonstrating effective gesture-based
Ali, 2014 inter%ction P control. However, the system's accuracy decreased under varying
lighting conditions, indicating a need for improved adaptability.
. Presented a real-time hand gesture recognition system for dynamic
Rautaray, EgﬁgT:irt]i%rasngtSriS;g:e applications, showcasing versatility in gesture-based interactions.
2012 D na?nic A I)gcations The study noted challenges in distinguishing similar gestures,
Y PP leading to potential misinterpretations.
Developed a virtual mouse control system using hand gesture
Srinivas et | Virtual Mouse Control Using recognition, enabling contactless interaction. The system faced
al., 2018 Hand Gesture Recognition difficulties in maintaining consistent accuracy across different
users, highlighting the need for personalized calibration.

This survey underscores the advancements in gesture-controlled virtual mouse systems and highlights persistent
challenges, such as hardware dependencies, environmental adaptability, computational demands, and user-specific
calibration, which future research must address to enhance system robustness and user experience.

4. EXISTING SYSTEM
Numerous gesture recognition systems have been developed, ranging from basic motion detectors to

sophisticated setups using depth cameras and multiple sensors. These systems enable hand-tracking for virtual
environments, interactive displays, and assistive technologies. However, many existing solutions rely on specialized
hardware, such as infrared cameras or wearable sensors, making them expensive and less accessible for widespread
use. While they offer effective interaction methods, their dependency on controlled environments and predefined
gestures limits their adaptability. Additionally, their reliance on a clear visual line-of-sight and high computational
requirements restricts seamless operation in real-world, dynamic settings.
Limitations
1. Cost: Advanced hardware requirements make these systems expensive and inaccessible for general users.
2. Flexibility: Many systems support only predefined gestures, limiting adaptability to varied user needs.
3. Physical Dependency: Most solutions require a direct visual line-of-sight, reducing usability in cluttered or
dynamic environments.
4. Computational Demand: High processing power is often needed, making real-time implementation
challenging on standard consumer devices.
5. Environmental Constraints: Lighting conditions and background clutter can affect recognition accuracy,
leading to inconsistent performance.

5. PROPOSED SYSTEM
The proposed Gesture-Controlled Virtual Mouse utilizes Machine Learning and the MediaPipe framework
to provide a more adaptable and accessible interaction experience. Unlike existing systems that rely on expensive
hardware, this solution operates using a standard webcam, making it cost-effective and widely available. It supports
dynamic gesture recognition, allowing users to perform custom and complex hand movements without requiring
specialized sensors. This system enhances human-computer interaction by offering a contactless, intuitive alternative
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to traditional input devices, improving accessibility and usability. By leveraging real-time gesture processing, it
ensures seamless cursor control and smooth execution of user commands.

Advantages
1. Contactless Operation: Improves hygiene and accessibility, particularly for users with disabilities.
2. Cost-Effectiveness: Uses a standard webcam, making it affordable and accessible to a broader audience.
3. Dynamic Recognition: Supports custom and complex gestures without requiring specialized equipment.
4. Real-Time Responsiveness: Ensures smooth and accurate gesture-based interactions.
5. Improved Usability: Reduces reliance on traditional input devices, offering a more intuitive experience.

6. PROPOSED MODEL
Machine Learning Algorithms Used in Smart Gesture Recognition and Cursor Control System
1. Convolutional Neural Networks (CNNs)
Purpose:
CNNs are used in MediaPipe Hands for hand detection and landmark estimation. They process images and extract
key features to recognize different hand postures.

How It Works:
e The input video frame is passed through a CNN-based model, which detects hands and extracts 21 hand
landmarks.

e CNNs help in recognizing hand positions, orientations, and finger gestures accurately.
Time Complexity:
o Inference time is optimized for real-time applications, typically O(1) for individual frames.

2. Deep Learning-Based Object Detection (Region Proposal Networks - RPNs)
Purpose:
MediaPipe uses an efficient object detection model to identify hands in the video frame before refining them for
landmark detection.
How It Works:
e The system first detects bounding boxes around hands using Region Proposal Networks (RPNS).
o It then refines the landmarks inside the detected region for better accuracy.
Optimization:
e MediaPipe optimizes detection speed by using lightweight deep learning models designed for real-time
tracking.

3. Regression Models (for Landmark Estimation and Pose Estimation)
Purpose:
MediaPipe predicts the (x, y, z) coordinates of 21 hand landmarks using a regression-based deep learning model.
How It Works:
o Instead of classification, it directly predicts the continuous values of landmark positions.
e This allows smooth tracking of hand movement in 2D and 3D space.
Efficiency:
e The regression model is optimized for real-time execution, making it highly efficient on low-power devices.

7. CONCLUSION & FUTURE WORK

The program methodology in project.py demonstrates outstanding practice implementation of best software
development principles through the implementation of modular design structures and effective error correction
techniques along with performance enhancement tactics. The structured design of code modules increases system
maintenance abilities and assist developers in locating faults better while effective error recovery protocols provide
trustworthy operational settings. Performance measurements reveal that most parts of the code demonstrate
optimization yet there remains potential to increase selected segments for improved performance. The foundation set
by this implementation will support future addition of enhancements. The system needs updated documentation
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alongside the refinement of its interdependencies for achieving long-term scalability as well as usability to remain
efficient across changing technological landscapes.
FUTURE SCOPE

Various improvements should be implemented in the future to develop project.py. The performance of
essential sections increases significantly by implementing better algorithms in combination with parallel processing
methods. The reliability of systems will increase when Al-driven detection systems are integrated for error
identification. The scalability of the system improves through an expansion of modular structures that enable easy
component replacement. The implementation of automatic documentation system updates will enable smooth
collaboration between developers throughout their projects. Future updates will investigate the capability of the
system to connect with different operating systems to enhance its versatility. These developments will transform the
project into a complex advanced software solution that provides efficient capabilities for modern computing needs.
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