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Abstract 

The AI Virtual Mouse leverages advanced computer vision and artificial intelligence techniques to replace 

traditional physical mice with an innovative, touch-free solution for human-computer interaction. This system 

uses a camera to capture real-time hand movements and gestures, which are processed through machine 

learning algorithms for accurate gesture recognition. The recognized gestures are mapped to conventional 

mouse functionalities such as cursor movement, clicking, dragging, and scrolling. Designed with user 

accessibility and ergonomic considerations in mind, the AI Virtual Mouse provides an intuitive and efficient 

alternative for individuals with physical limitations or those seeking hands-free control. The implementation 

involves a combination of technologies, including OpenCV for image processing, MediaPipe for hand 

tracking, and deep learning models for gesture classification. 

Keywords: Accessibility; Artificial intelligence; Computer vision; Gesture recognition; Human-computer 

interaction. 

 

1. Introduction  

The AI Virtual Mouse is a groundbreaking 

innovation that replaces traditional physical mice 

with a touch-free, gesture-based system, offering a 

seamless and intuitive way to interact with 

computers. By leveraging advanced computer vision 

and artificial intelligence, this system processes real-

time hand gestures captured via a camera and maps 

them to standard mouse functions such as cursor 

movement, clicks, scrolling, and dragging. At the 

core of the AI Virtual Mouse is its ability to recognize 

gestures accurately using machine learning 

algorithms. The system is designed to work across 

diverse environments and lighting conditions, 

ensuring consistent performance. It offers a hands-

free alternative that is not only futuristic but also 

addresses the needs of users who require more 

ergonomic and accessible solutions. One of the 

primary objectives of the AI Virtual Mouse is to 

enhance accessibility for individuals with physical 

limitations. Traditional input devices can be 

challenging for users with mobility issues or 

disabilities, and this touch-free solution provides an 

empowering alternative. Moreover, it also benefits 

users seeking hygienic, touchless operation in 

workplaces, public spaces, or environments where 

minimizing physical contact is essential. The 

implementation of the AI Virtual Mouse integrates 

several cutting-edge technologies. OpenCV (Bradski, 

G. (2000)) is employed for efficient image processing 

and hand detection, while MediaPipe (Google AI. 

(2025)) provides robust hand tracking capabilities. 

Deep learning models are used to classify gestures, 

enabling precise and reliable mapping of hand 

movements to specific mouse functionalities. 

Together, these technologies create a system that is 

not only efficient but also adaptable to various use 

cases. In addition to its practical applications, the AI 

Virtual Mouse is an excellent example of how 

artificial intelligence and computer vision can 

redefine everyday tools. It demonstrates the potential 

of touch-free interfaces to improve accessibility, 

productivity, and user comfort, making it a valuable 

solution in the era of modern computing. 

1.1.Problem Statement 

Traditional physical mice pose several challenges, 

especially for users with disabilities or in specific 
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environments. People with motor impairments find 

them difficult to use, and those recovering from 

injuries or with conditions like arthritis face 

significant barriers. Prolonged use can also lead to 

repetitive strain injuries (RSI) and discomfort. In 

shared spaces like hospitals or labs, hygiene concerns 

arise, and in some scenarios, like industrial settings, 

hands-free operation is necessary. These issues 

highlight the need for an accessible, ergonomic, 

touch-free alternative. [1] 

1.2.Scope 

The AI Virtual Mouse replaces traditional mice with 

a gesture-based, touch-free interface. It offers 

significant benefits for individuals with disabilities 

by enabling hands-free computer interaction. Using 

technologies like OpenCV and MediaPipe, the 

system captures and processes real-time hand 

gestures to control mouse actions. It adapts to various 

environments, promotes hygiene in shared spaces, 

and enhances user experience by offering ergonomic 

and customizable controls. This technology has wide 

potential in healthcare, education, and entertainment. 

1.3.Objectives 

• Technology Stack & Integration: The AI 

Virtual Mouse utilizes OpenCV for image 

processing and MediaPipe for hand tracking. 

Machine learning models classify gestures 

and map them to mouse functions like 

movement, clicking, and scrolling. 

• Machine Learning & Gesture Recognition: 

The system uses CNNs or RNNs to classify 

hand gestures, continuously improving 

accuracy with training datasets. 

• Hands-Free Accessibility: Designed to 

assist individuals with disabilities, it provides 

an intuitive alternative to traditional input 

devices, supporting tasks like navigation and 

file manipulation. 

• Adaptability: The system is compatible with 

desktop, mobile, and virtual/augmented 

reality platforms, making it a versatile tool 

across devices. 

• Ergonomics & Productivity: The AI Virtual 

Mouse reduces the risk of RSI and enhances 

productivity by streamlining tasks. 

• Customization: Users can personalize 

gestures for specific actions, optimizing the 

interface for individual needs. 

• Security & Privacy: The system ensures 

privacy by processing only relevant hand data 

locally, with strong security measures to 

prevent misuse. 

• Future Enhancements: Future 

developments could include more advanced 

gesture recognition, integration with voice 

control, and haptic feedback for improved 

interaction.  

2. Method 

The development of the AI Virtual Mouse system 

involved several integrated components aimed at 

enabling real-time gesture recognition and 

corresponding mouse actions. The system was 

designed using Python programming language with 

support from OpenCV for computer vision tasks and 

MediaPipe for efficient hand tracking. A standard 

webcam was used to capture live video input. The 

captured frames were processed using OpenCV to 

enhance image clarity and reduce noise. MediaPipe’s 

hand tracking solution was employed to identify hand 

landmarks in each frame. These landmarks, once 

identified, were used to calculate finger positions and 

recognize specific gestures based on predefined rules. 

The recognized gestures were then mapped to typical 

mouse actions, such as cursor movement, left click, 

right click, double click, and scrolling. The pyautogui 

library was used to simulate these mouse operations 

on the screen in real time. To ensure responsiveness 

and accuracy, the system was tested under various 

lighting conditions and against different 

backgrounds. The performance was monitored for 

gesture detection rate, latency, and accuracy of 

simulated mouse actions. This modular approach 

enables easy adaptation and future enhancement of 

the system, such as integrating gesture learning 

models or improving robustness in challenging 

environments. This table summarizes the core 

components and technologies used in building the AI 

Virtual Mouse system. It highlights the role of each 

tool and library—such as OpenCV for image 

processing, MediaPipe for real-time hand tracking 

while also specifying the system’s hardware and 

software environment. This modular setup ensures 

efficient performance and allows for easy future 

upgrades. (Table 2) [2] 
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Table 1 Hyper Parameters and Tools Used 

Component Tool/Library Used 

Programming 

Language Mouse 

Control 

Python PyAutoGUI 

Image Processing OpenCV 

Hand Tracking MediaPipe 

Gesture Recognition Rule-based Logic 

Operating System Windows/Linux 

 

Table 2 Performance Metrics 

Metric Value/Score 

Accuracy 92% 

Gesture Recognition 

Rate 
95% 

Latency 200ms 

Processing Time 10ms 

Battery Consumption 15% per hour 

 

This table summarizes key indicators to evaluate the 

system's effectiveness, including accuracy, gesture 

recognition rate, processing time, latency, and battery 

consumption. It also tracks false positive/negative 

rates, providing a concise overview of the system's 

performance and efficiency. (Figure 1) The hand 

gesture control system enables users to interact with 

their computer using hand movements captured by a 

webcam. The video stream is first processed using 

OpenCV, which prepares the frames for analysis. 

MediaPipe Hands then detects key hand landmarks in 

the frames. These landmarks are analyzed by a 

gesture detection module, which uses custom logic 

and utility functions to calculate angles and distances 

between fingers. Based on this analysis, the system 

identifies specific gestures such as mouse movement, 

left/right clicks, double-clicks, and screenshot 

commands. The recognized gestures are translated 

into actions using pyautogui for cursor control and 

screenshots, and pynput for mouse click events. All 

components are integrated to run on the local device, 

ensuring real-time response and smooth user 

interaction. (Figure 1,2) 

 
Figure 1 System Architecture Diagram 

 

 
Figure 2 Recognized Hand Gestures for Left and 

Double Click Actions 

 

The image displays two distinct hand gestures 

recognized by the system to perform mouse actions. 

The gesture on the left (Figure 2.A) corresponds to 

the Left Click command, while the one on the right 

(Figure 2.B) is used for the Double Click action. 

https://irjaeh.com/


 

International Research Journal on Advanced Engineering Hub (IRJAEH) 

e ISSN: 2584-2137 

Vol. 03 Issue: 05 May 2025 

Page No: 2259 - 2263  

https://irjaeh.com 

https://doi.org/10.47392/IRJAEH.2025.0332 

 

    

International Research Journal on Advanced Engineering Hub (IRJAEH) 
                         

2262 

 

These gestures are detected using a hand landmark 

model, which identifies key points on the hand to 

interpret specific movements and shapes. This 

enables seamless, contactless interaction with the 

system through intuitive hand signals. [3] 

3. Results and Discussion  

3.1.Results 

The AI Virtual Mouse system was developed and 

tested in a controlled environment using a standard 

webcam and Python-based implementation. The 

hand-tracking module successfully identified and 

followed hand landmarks in real time, enabling 

gesture-based mouse control. Various gestures were 

mapped to standard mouse operations such as pointer 

movement, left-click, and double-click. The system 

demonstrated high responsiveness and gesture 

recognition accuracy, making it a viable alternative 

for basic touchless interaction. The following images 

illustrate the real-time functioning and performance 

of the system during testing (Figure 3) 

 

 
Figure 3 Visual Output of Hand Gesture-Based 

Mouse Control 

 

The output images illustrate the functionality of the 

AI Virtual Mouse system through three distinct hand 

gestures captured in real-time. In the first frame (A), 

the index fingertip is tracked and used to control the 

on-screen cursor on a Windows desktop. Skeletal 

landmarks are superimposed on the hand, and the 

system demonstrates accurate and fluid cursor 

movement that closely follows the user’s hand 

motion. The presence of the right-click context menu 

confirms that pointer navigation is both responsive 

and reliable. The second frame (B) showcases the 

left-click gesture, which is recognized when the index 

and middle fingers are brought together to form a 

pinch. Upon detecting this gesture, the system 

displays a green label reading "Left Click," indicating 

that the click command has been successfully 

identified and passed to the operating system. In the 

third frame (C), a double-click gesture is 

demonstrated, where all fingertips move toward the 

palm in quick succession. The system interprets this 

as a double-click action and displays a cyan-colored 

"Double Click" label. This confirms that the system 

correctly generated two sequential click events in 

response to the gesture. These results collectively 

highlight the system’s ability to interpret and execute 

gesture-based commands with precision, offering an 

intuitive and touchless method for interacting with 

digital interfaces. [4] 

3.2. Discussion 

The results obtained from the implementation of the 

AI Virtual Mouse system demonstrate the practicality 

and potential of gesture-based human-computer 

interaction using computer vision. Unlike traditional 

input devices such as physical mice or touchpads, this 

system allows users to control cursor movement and 

execute clicks through intuitive hand gestures. This 

has significant implications for hands-free 

computing, especially in environments where 

physical contact with devices is impractical or 

undesirable, such as medical settings, industrial 

controls, or public interfaces. The successful 

detection of gestures like cursor control, left-click, 

and double-click reflects the robustness of the 

underlying hand-tracking model. The use of 

MediaPipe for real-time landmark detection 

significantly enhanced the responsiveness and 

accuracy of the system. However, the performance 

was influenced by external conditions such as 

lighting, background uniformity, and camera quality. 

Inconsistent lighting or cluttered backgrounds 

occasionally affected the precision of gesture 

recognition, which suggests that the system may 

benefit from adaptive calibration or preprocessing 

enhancements in future iterations. The 
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implementation also highlighted a trade-off between 

gesture complexity and user comfort. While basic 

gestures were accurately recognized, more complex 

or subtle gestures could introduce ambiguity, leading 

to unintentional actions. Optimizing gesture 

definitions and introducing gesture confirmation 

mechanisms could improve both reliability and user 

experience. Overall, the project confirms that AI-

driven gesture recognition systems can serve as 

viable alternatives to traditional interfaces, with 

further development needed to improve 

environmental adaptability and gesture clarity. [5] 

Conclusion 

The AI virtual mouse system is designed to create a 

natural, intuitive interface for users to control their 

devices with hand gestures. The system's architecture 

is based on a modular design, with layers that handle 

tasks such as data collection, preprocessing, gesture 

recognition, and action control. These modules work 

together seamlessly to offer a user-friendly 

experience that allows for real-time control of the 

cursor and interaction with the system. Key to its 

success is the gesture recognition module, which uses 

advanced machine learning models to accurately 

detect and classify hand gestures, while the feedback 

system ensures users are informed of the recognition 

status. One of the standout features of this system is 

its ability to offer a touchless alternative to traditional 

input devices. This not only provides a more 

convenient means of interaction but also opens up 

possibilities for a wider range of applications, from 

gaming and virtual reality to medical and 

accessibility tools. As technology continues to 

advance, the system can evolve to offer even greater 

accuracy, versatility, and real-time performance. The 

current system, though functional and effective, has 

set the foundation for future enhancements that will 

improve its robustness, usability, and potential use 

cases. While the AI virtual mouse system already 

shows great promise, there are areas that require 

improvement. For instance, the system's performance 

can be affected by factors such as lighting conditions 

and background interference. These issues must be 

addressed to ensure that the system works effectively 

in a wide range of real-world environments. 

Additionally, gesture recognition can still be 

enhanced to offer higher accuracy and more 

sophisticated gesture mapping. 
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