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ABSTRACT: Focusing on creating a smart, contactless human-computer interaction system using artificial 

intelligence and hand gesture recognition. By using a low-cost, efficient webcam and computer vision modules, the 

system detects hand landmarks in real time and controls cursor movement and system commands according to specific 

gestures. The gestures are identified using advanced tracking techniques powered by the MediaPipe framework and 

OpenCV. The core functionality includes virtual mouse movement, left and right clicking, volume control, screenshot 

capture, and system shutdown, all triggered by specific finger gestures. The design enables seamless communication 

between the hand tracking module and the computer, utilizing Python-based automation libraries such as pyautogui and 

autopy. All operations are executed in real time with high accuracy and smoothness to mimic a traditional mouse. This 

setup is highly beneficial in environments where touchless interaction is preferred, such as healthcare, public kiosks, or 

for accessibility applications. The implementation of such an intelligent and adaptive system demonstrates how 

artificial intelligence can enhance everyday computer usage by eliminating the dependency on physical input devices 

and making technology more intuitive, hygienic, and universally accessible. 
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I. INTRODUCTION 

 

The demand for more intuitive, accessible, and hygienic user interaction has significantly influenced the development 

of contactless technology. This paper presents a real-time virtual mouse system that allows users to interact with a 

computer using simple hand gestures. The system uses a standard webcam to capture live video feed, which is 

processed using advanced computer vision and machine learning frameworks such as MediaPipe and OpenCV. These 

tools enable accurate detection and tracking of hand landmarks, which are then analyzed to interpret specific finger 

gestures. These gestures are mapped to perform typical mouse functions such as cursor movement, left and right 

clicking, volume control, screenshot capture, and even system shutdown. 

 

The system is built using lightweight Python libraries including pyautogui and autopy, which translate the detected 

gestures into system-level input commands. Unlike traditional mouse or touch interfaces, this gesture-based approach 

does not require any physical touch or wearable device, making it ideal for sterile environments like hospitals, labs, or 

during pandemic-like conditions where contactless interfaces are crucial. It is also a significant leap toward assistive 

technology, allowing users with physical disabilities to control their computers more freely and naturally. 

 

This project aims to enhance human-computer interaction (HCI) by making it more natural, efficient, and universally 

accessible. With the ability to operate from a distance, this system also supports remote interaction, a feature that 

proves beneficial in smart classrooms, public information kiosks, and smart homes. As technology continues to evolve, 

such gesture-driven systems pave the way for future interfaces that are not only functional but also immersive and 

intelligent. The virtual mouse is a practical demonstration of how artificial intelligence and computer vision can come 

together to transform conventional methods of digital interaction. 
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II. LITERATURE REVIEW 

 

Gesture-controlled virtual mouse systems are emerging as a modern solution for enhancing human-computer 

interaction through intuitive and touchless technology. These systems use computer vision techniques to recognize 

hand movements and interpret them as commands, replacing the need for traditional hardware like physical mice or 

touchpads. By detecting and tracking finger positions through a webcam, users can move the cursor, perform click 

operations, take screenshots, or control volume using specific hand gestures 

 

Review of Related Work  

• Webcam-Based Hand Tracking 

A standard webcam is used as the primary input device for capturing hand gestures. Unlike specialized sensors or 

wearable devices, webcams are cost-effective and widely available. They capture real-time video frames which are then 

processed to detect and track hand landmarks, eliminating the need for any additional hardware. 

 

• MediaPipe Hand Tracking Framework 

MediaPipe, developed by Google, is a powerful framework for building multimodal applied machine learning 

pipelines. In the context of gesture-controlled systems, MediaPipe’s hand tracking solution provides 21 3D hand 

landmark coordinates per detected hand, offering accurate and low-latency tracking. It uses machine learning models to 

detect hands and predict the landmark positions across frames, even in challenging lighting or background conditions. 

 

• OpenCV (Open Source Computer Vision Library) 
OpenCV is used for image capture, frame handling, preprocessing, and drawing graphical overlays. It assists in 

converting images to RGB format (required by MediaPipe), drawing rectangles, lines, and tracking gesture zones in the 

live video feed. It plays a vital role in processing video frames and feeding them into the hand tracking model. 

 

• pyautogui – System Control Library 

PyAutoGUI is a cross-platform GUI automation Python module used to control the mouse and keyboard. In this 

project, it is used for controlling the mouse pointer, performing left/right clicks, capturing screenshots, and adjusting 

volume using keyboard shortcuts. It maps screen coordinates with gesture-controlled hand positions to simulate real 

mouse movements. 

 

• autopy – Mouse Movement Enhancement 

Autopy is an alternative to pyautogui, known for more fluid and responsive mouse movement. It allows faster screen 

updates and smoother cursor control when used with high-frequency input like gesture detection. 

 

• Real-Time Multithreading 

Multithreading is implemented for certain tasks like clicking and taking screenshots to avoid interrupting the video 

stream. This ensures smooth user experience without input lag or frame drops. 

 

• Platform Independence 

The system runs on any Windows PC with Python 3.x installed. No external dependencies beyond a webcam and open-

source Python libraries are needed. This makes the project highly portable and scalable for deployment in varied 

environments. 

 

Sr.No Paper Author Year and Publication 

 

1 

 

“Real Time Virtual Mouse Using 

Hand Gesture” 

 

Ashwin Patil 

 

International Journal of Engineering Research & 

Technology (IJERT), Vol. 9 Issue 06, June 2020 
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“Gesture Based Mouse Control 

Using OpenCV and Python” 

 

R. S. Thakur et al. 

 

International Research Journal of Engineering and 

Technology (IRJET), Vol. 7 Issue 5, May 2020 
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“Human Computer Interaction Using 

Hand Gestures Based Virtual 

Mouse” 

 

M. K. Vidhya & S. 

Priya 

 

International Journal of Computer Applications 

(IJCA), Volume 183 – No. 9, June 2021 
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“Vision-Based Hand Gesture 

Recognition for Mouse Control” 

 

Anuja Deshpande 

 

International Conference on Computational 

Intelligence and Computing Research (ICCIC), IEEE, 

2019 

 

III. METHODOLOGY OF PROPOSED SURVEY 

 

• Sensor Data Collection:  

Hand gestures are tracked using a combination of computer vision and depth sensors (e.g., cameras, infrared sensors). 

The system continuously captures data on hand movements, positions, and gestures in the environment. 

 

• Data Processing: 

The captured sensor data is processed using machine learning algorithms and computer vision techniques (such as 

OpenCV). Raw input data is filtered to recognize meaningful gestures, translating them into actions such as cursor 

movement, clicks, volume control, or taking screenshots. 

 

• Control Mechanisms: 

Based on the recognized hand gestures, the system triggers appropriate actions. For example: 

• A swipe gesture moves the cursor. 

• A pinching motion could simulate a left-click. 

• A hand-raising gesture adjusts volume levels or simulates a screenshot. 

• A Pinky finger gesture for shutdown the Computer 

 

• User Interface: 

A real-time interface displays the current status of the system (e.g., cursor position, volume level). It allows users to 

configure settings, calibrate gestures, or access control options for enhanced user experience. 

 

• Automation and Optimization: 

The system can automatically adjust gesture recognition sensitivity based on lighting conditions or environmental 

factors. Machine learning models can be used to improve recognition accuracy over time, adapting to individual user 

behaviors. 

 

• Sensor Deployment: 

Sensors (e.g., cameras, depth sensors) are strategically deployed around the user's workspace to capture hand 

movements accurately. These sensors must be calibrated to ensure accurate gesture recognition from various angles. 

 

• Testing and Calibration: 

The system is tested under various conditions (different lighting, backgrounds, hand sizes, etc.) to ensure robust 

performance. Calibration processes involve fine-tuning the gesture recognition algorithm to adapt to individual 

users' unique movements and gestures. 
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• Deployment and Maintenance: 

Once the system is deployed on the user's machine, it undergoes regular updates to improve gesture recognition, 

add new features, and address bugs or issues. Continuous user feedback ensures the system evolves to meet user 

needs. 

 

IV. CONCLUSION AND FUTURE WORK 

 

The Gesture-Controlled Virtual Mouse project has successfully demonstrated the potential of using hand gestures and 

computer vision technology for intuitive and hands-free interaction with digital devices. By integrating advanced sensor 

technology, machine learning algorithms, and real-time processing, the system offers an efficient and seamless 

alternative to traditional input methods like a mouse or keyboard. This innovative approach enhances user experience, 

providing greater accessibility, convenience, and flexibility in controlling a computer. The project highlights the 

effectiveness of combining human-computer interaction techniques with cutting-edge technology, paving the way for 

future applications in fields such as assistive technology, gaming, and virtual reality. 
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