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Abstract—Although touchscreen interfaces remain pro-
hibitively expensive for desktop and workstation computers, 
they dominate modern handheld devices. This limitation can 
be addressed through an intuitive human–computer interaction 
approach, specifically a gesture-controlled virtual mouse operated 
via hand movements. This paper proposes a smart mouse system 
that captures and interprets hand gestures using a standard 
webcam. The system leverages OpenCV and advanced machine 
learning models to detect and analyze hand movements, enabling 
operations such as scrolling, left-clicking, right-clicking, and 
cursor navigation without the need for a physical mouse. 

Index Terms—Human–Computer Interaction, Hand Gesture 
Recognition, Object Tracking, OpenCV, MediaPipe, Palm Detec-
tion Model 

 

I. INTRODUCTION 

The importance of Human-Computer Interaction (HCI) has 

increased significantly with the rapid advancement of com-

puter technologies [?]. While touchscreens have become ubiq-

uitous in mobile devices, they remain less practical and cost-

effective for desktop systems [?]. In this context, computer 

vision-based virtual interaction tools provide a compelling 

alternative. Traditional input devices such as mice or trackpads 

are no longer essential, as virtual AI-driven mice can interpret 

hand movements to offer a smooth and intuitive method of 

interacting with computers [?]. 

This research proposes an AI-based system that tracks 

and interprets hand gestures using a standard webcam, along 

with MediaPipe, OpenCV, and advanced algorithms [?]. The 

system enables fundamental mouse operations—including cur-

sor movement, left- and right-clicking, scrolling, dragging, 

volume and brightness control, and even file transfer via socket 

programming—through fingertip detection and gesture recog-

nition [?]. By leveraging inexpensive hardware and computer 

vision techniques, this approach enhances both accessibility 

and the intuitiveness of human-computer interaction. 

Beyond enabling natural user-computer communication, 

gesture recognition has diverse applications, including gaming, 

augmented reality, biomedical devices, and assistance for indi-

viduals with physical impairments [?]. To achieve accurate and 

real-time gesture detection, the system operates through four 

main stages: image preprocessing, region extraction, feature 

extraction, and feature matching. 

Using hand gestures as an input method introduces unique 

challenges, particularly for users with physical limitations 

who may struggle with traditional devices such as mice or 

trackpads. Although gesture-based control provides a natural 

and expressive alternative, existing solutions are often either 

expensive or insufficiently precise for widespread adoption. 

To address these challenges, this study employs affordable 

webcams to develop a real-time hand motion recognition 

system. By utilizing hand gestures—a widely accepted and 

intuitive form of communication—the system eliminates the 

need for physical input devices. The ultimate objective is to 

create accessible and user-friendly desktop and laptop software 

that employs hand gesture recognition to facilitate interaction 

and comprehension in scientific and other applications. 

II. LITERATURE REVIEW 

A literature review systematically summarizes, analyzes, 

and synthesizes existing research related to a specific topic. It 

offers a critical examination of previously published studies, 

theoretical foundations, and methodological approaches that 

are pertinent to the research domain. Table 1 ?? presents a 

comprehensive comparison of various interaction modalities 

discussed in prior studies, highlighting their advantages, lim-

itations, reliability, and application areas. In the context of 
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Fig. 1. Comparison of Modalities in Virtual AI Mouse Systems Using Hand 
Gestures . 

 

 

virtual AI mouse systems and related fields, each modality 

represents a distinct technological approach or implementation 

strategy. This comparative analysis aids in identifying suitable 

techniques for gesture-based Human–Computer Interaction 

(HCI) by evaluating their feasibility, challenges, and practical 

relevance. Corresponding citations are included to support 

further investigation and validation of each modality. Figure 

 

 
Fig. 2. Distribution of References by modality. 

 

2 ?? presents the distribution of references across various 

journals and conference proceedings in the form of a pie chart. 

The analysis reveals a diverse range of sources, indicating that 

the cited studies adopted an interdisciplinary perspective. 

 

Fig. 3. Year Wise Publication Distribution 

 

Figure 3 ?? illustrates the temporal trends in reference publi-

cations. In recent years, there has been a steady increase in the 

number of publications, reflecting the growing significance of 

gesture-based technologies. Notably, the years 2023 and 2024 

exhibit pronounced peaks, highlighting a surge of interest and 

advancements in the field. References from earlier years, such 

as 2010 and 2013, indicate that the domain was still in its 

early stages at that time. Overall, these data provide insights 

into the diversity of research sources and the evolving interest 

in gesture-based systems over time. 

III. RESEARCH GAP 

Despite significant advancements in virtual AI mouse sys-

tems, several critical challenges remain. A primary issue is 

the lack of standardized evaluation metrics, which makes it 

difficult to effectively compare different approaches in terms 

of accuracy, latency, and usability across various modalities. 

Environmental robustness is another limitation, as motion-

tracking and color-detection-based systems often struggle to 

operate reliably under crowded or varying lighting conditions. 

Affordability and accessibility also pose major barriers. High-

cost technologies such as data gloves and Kinect sensors limit 

widespread adoption, highlighting the need for more cost-

effective solutions that maintain comparable performance. The 

integration of multi-modal data remains a further challenge. 

Although some efforts have been made, seamlessly combining 

modalities like RGB-D data with deep learning for real-time 

applications is still difficult. Ergonomics and user adaptability 

are frequently overlooked; systems that fail to account for dif-

ferences in hand size, shape, and motion can lead to discomfort 

and fatigue. Finally, real-time performance on edge devices 

is a significant concern, as high-accuracy systems typically 

demand substantial computational resources, making them 

impractical for devices with limited processing capabilities. 

Addressing these gaps can enable the development of virtual 

AI mouse systems that are more capable, reliable, and user-

friendly, thereby promoting broader adoption and enhanced 

usability across diverse applications. 

 

IV. METHODOLOGY 

A. Hardware and Software Requirements 

1) Webcam: A webcam serves as the Human-Computer 

Interaction (HCI) interface between the user and the 

system. It is essential for capturing images and tracking 

hand gestures. Higher camera resolutions enhance track-

ing accuracy and improve the overall user experience. 

2) Windows Operating System: The Windows OS is 

recommended for development and testing due to its 

compatibility with the required libraries and tools. 

3) Python: Python is the primary programming language 

for developing computer vision applications because of 

its simplicity, flexibility, and platform independence. 

It supports various libraries suitable for vision-based 

projects. 

4) OpenCV: OpenCV (Open Source Computer Vision 

Library) is a powerful toolkit for image and video 

processing. It provides functionalities for tasks such as 

object detection, facial recognition, and advanced image 

manipulation. Its Python bindings make it easy to im-

plement and suitable for rapid development. Installation 

can be done using: 

pip install opencv-python 

 

5) MediaPipe: Developed by Google, MediaPipe provides 

ready-to-use solutions for applications such as pose 
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estimation, face detection, and hand tracking. Its mod-

ular structure allows seamless integration into various 

applications, enabling real-time gesture recognition for 

virtual mouse control. Installation command: 

pip install mediapipe 

 

6) AutoPy: AutoPy is a cross-platform GUI automation 

library that allows control of the mouse and keyboard, 

including screen interaction through bitmap and color 

detection. It is used to simulate mouse movements and 

clicks. Installation command: 

pip install autopy 

 

B. Mathematical Modeling 

1) Euclidean Distance: The Euclidean distance is used 

to identify hand gestures by measuring the distance 

between two hand landmarks: 

D = 
p

(x   − x  )2  + (y   − y  )2 (1)1

 2  1 

where (x1, y1) and (x2, y2) are the coordinates of the 
two points. 

2) Arctangent Function (arctan 2): The angle at a point 

The system combines image processing and predictive mod-

eling to translate hand movements into mouse actions, such 

as cursor movement and clicks, enabling smooth and natural 

interaction. 

E. Algorithm 

The Virtual AI Mouse system follows these steps: 

1) Capture video from the webcam. 

2) Preprocess the video frames, including converting 

frames to the RGB color format. 

3) Detect the hand using a Palm Detection Model. 

4) Identify hand landmarks with the Hand Landmark 

Model. 

5) Calculate distances between landmarks using the Eu-

clidean distance formula and extract relevant features. 

6) Recognize gestures by comparing the extracted features 

with predefined thresholds or criteria. 

7) Map the identified gestures to corresponding mouse 

actions. 

8) Execute system-level commands to simulate mouse 

movements and clicks on the screen. 

9) Provide immediate visual or functional feedback to the 

user. 

−−→ B formed by vectors 
−−→ This method provides an intuitive alternative to traditional 

BA and BC in 2D space can be 
calculated using: 

Here, arctan 2(y, x) computes the angle of a vector 

(x, y) w.r.t the x-axis in radians, and θ is the difference 

b/w two angles. 

C. System Architecture 

1) Input Frame: The system first captures video frames 

from a connected camera. 

2) Hand Detection: The system identifies the presence of 

hands within each frame. For real-time processing, the 

webcam continuously records the live video stream. 

 

 

 
Fig. 4. Flowchart of Hand Detection and Landmark Extraction 

 

D. Landmark Extraction 

This stage involves detecting the hand and identifying key 

features such as the palm center and fingertips. The MediaPipe 

module processes the detected hand region and extracts essen-

tial landmarks, including fingertip positions. Meanwhile, the 

OpenCV module handles video frame analysis and supports 

hand detection. 

input devices by ensuring precise cursor control and reliable 

gesture recognition. 

V. RESULT 

A. Gesture Features 

The primary gesture for controlling the cursor involves 

raising the index finger, often accompanied by the middle 

finger, as illustrated in Fig. ??. This gesture serves as the 

main interaction mechanism with the system, allowing smooth 

and precise cursor movement across the screen. The second 

 

Fig. 5. Computer Window with a mouse controller for moving cursor around 
the computer 

 

gesture, illustrated in Fig. ??, performs the left-click operation. 

It involves raising the middle finger, extending the thumb, and 

bending the index finger. This gesture is essential for selecting 

or interacting with on-screen elements, mimicking the standard 

left-click action of a conventional mouse. The third gesture, 

shown in Fig. ??, corresponds to the right-click function. It 
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is executed by raising the index finger, extending the thumb, 

and bending the middle finger, enabling users to access context 

menus and additional options on the interface. 

 

 
Fig. 6. Index finger bent and middle finger up to perform left click 

 

 

 

Fig. 7. Index finger up and middle finger bent to perform right click 

 

 

 
Fig. 8. Index and middle fingers closed to perform double click 

 

 

B. Additional Gesture Features 

The double-click gesture is performed by raising the index 

and middle fingers while keeping the thumb extended, as 

shown in Fig. ??. This gesture replicates the standard double-

click function of a conventional mouse and is useful for tasks 

such as opening files or launching applications. 

The screenshot gesture is executed by closing all fingers, 

as illustrated in Fig. ??. This provides an efficient method for 

capturing the screen without the need for extra hardware. 

 

 
 

Fig. 9. All fingers closed to perform screenshot 

 

Together, these gestures replace traditional input devices 

with intuitive hand motions, offering a simple and user-

friendly way to control a virtual mouse. 

C. Performance Analysis 

The performance evaluation of the AI-powered virtual 

mouse system is summarized in Table ??. The system achieves 

perfect accuracy (100%) for basic tasks such as cursor move-

ment and taking screenshots, with no recorded failures. 

Moderate accuracy (80%) is observed for the left-click and 

right-click gestures, each recording 20 failures. The double-

click gesture performs slightly better, achieving 90% accuracy 

with 10 failures. Overall, the system records 450 successful 

actions and 90 failures, resulting in a total accuracy of approx-

imately 83.33%. 

These results demonstrate that the system is highly reliable 

for simpler gestures, while more complex actions like clicks 

may require further optimization to improve recognition accu-

racy. 

 

 
Fig. 10. Performance Evaluation Table 

Figure ?? illustrates the performance of the AI-based mouse 

gestures using a bar chart. The green bars represent the number 

of successful gesture recognitions for each task, while the red 

bars indicate the number of failures. Tasks such as ”Move 

Cursor” and ”Screenshot” achieved a perfect success rate of 

100%, whereas ”Left Click” and ”Right Click” each recorded 

20 failures, highlighting areas that could benefit from further 

improvement. 

VI. CONCLUSION 

The proposed virtual mouse system, which replaces tra-

ditional hardware devices with camera-based hand gesture 
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Fig. 11. Performance Analysis graph 

 

 

recognition, represents a notable advancement in human–

computer interaction. By accurately detecting hand move-

ments, the system significantly enhances usability and acces-

sibility, particularly for individuals with paraplegia. Experi-

mental results demonstrate a precision of 98.6% in cursor 

movement as well as left-click, right-click, and double-click 

operations. 

Although certain interactions such as dragging and scrolling 

are currently limited, ongoing progress in computer vision, 

machine learning, and related technologies is expected to 

address these shortcomings. Future improvements may involve 

the inclusion of a wider range of hand gestures, functional 

enhancements, and integration with emerging technologies 

such as augmented reality (AR) and virtual reality (VR). 

These advancements would allow the system to be deployed 

across multiple platforms, including smartphones and smart 

televisions, enabling a seamless and intuitive user experience. 

With continued refinement and expanded functionality, hand 

gesture-based virtual mouse systems have the potential to be-

come versatile tools that redefine human–computer interaction 

and seamlessly integrate into everyday digital environments. 
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