
          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 09 Issue: 04 | April - 2025                            SJIF Rating: 8.586                                   ISSN: 2582-3930                                                                                                                                               

  

© 2025, IJSREM      | www.ijsrem.com                                                                                                                                            |        Page 1 
 

Virtual Mouse Control Using Hand Gestures 

Mrs. Kamalaveni V, Aarthi S R, Logupriya A, Divya J 

Depatment of Artificial Intelligence and Data Science 

Sri Shakthi Institute of Engineering and Technology 

---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - Virtual Mouse Controllers utilize computer 

vision and deep learning algorithms to translate hand gestures 

into mouse operations, offering a touch-free human-computer 

interaction alternative. By leveraging techniques such as hand 

tracking, finger landmark detection, and gesture recognition 

using models like MediaPipe or custom CNNs, these systems 

enable seamless cursor movement, clicking, and scrolling 

without physical hardware. Such innovations prove valuable 

for accessibility, hygiene-conscious environments, and 

immersive applications. However, challenges including 

gesture accuracy, real-time processing, and environmental 

robustness must be addressed for reliable deployment across 

diverse scenarios. 
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1. INTRODUCTION 
In recent years, human-computer interaction (HCI) has 

evolved beyond traditional input devices such as keyboards 

and mice. The emergence of virtual mouse controllers based 

on hand gesture recognition has opened new avenues for 

touchless interfaces, particularly useful in environments that 

prioritize hygiene or accessibility. A virtual mouse controller 

employs computer vision and deep learning techniques to 

interpret hand movements captured through a webcam, 

converting them into mouse operations like cursor movement, 

clicks, and scrolling. 

This paper presents a system that utilizes hand tracking and 

gesture classification to create a functional virtual mouse 

interface. Our proposed method leverages real-time video 

input, processes frames using convolutional neural networks 

(CNNs) or frameworks such as MediaPipe, and maps specific 

finger gestures to mouse events. The system aims to provide 

an efficient, cost-effective, and contact-free alternative to 

traditional hardware-based mouse input. 

 

2. BODY OF PAPER 
This section is organized into several parts to elaborate on the 

development, working, and performance evaluation of the 

proposed virtual mouse controller. 

In Sec. 2.1, we describe the system architecture, including the 

hardware and software components used for capturing and 

processing input. Sec. 2.2 details the hand detection and 

tracking method, explaining how keypoints such as fingertips 

and knuckles are extracted and analyzed. Gesture recognition 

is covered in Sec. 2.3, where we map specific finger positions 

to commands like left click, right click, and cursor movement. 

Sec. 2.4 discusses implementation challenges including 

background interference, varying lighting conditions, and 

latency. Finally, Sec. 2.5 presents the results and performance 

analysis based on metrics such as gesture recognition 

accuracy and system responsiveness. 

At the first occurrence of an acronym, it is spelled out 

followed by the acronym in parentheses, for example, 

convolutional neural network (CNN). Throughout this paper, 

references to equations, sections, and figures are abbreviated 

unless they begin a sentence, in which case the terms are 

spelled out in full. 

 

 

 

 
 

                                    Fig -1: Figure 

 

 

 

 

2.1 SYSTEM ARCHITECTURE 

 
The virtual mouse controller system is composed of a standard 

webcam for capturing video input, a computer vision module 

for processing the frames, and a control module for converting 

recognized gestures into corresponding mouse events. The 

webcam continuously captures the user's hand gestures in real 

time. These frames are then passed to the gesture recognition 

module, which uses a pre-trained deep learning model or a 

lightweight framework such as MediaPipe for efficient hand 

landmark detection. 

Once the hand landmarks are detected, specific points like the 

tips of the index and middle fingers are used to determine the 

gesture. For example, the distance between the index and 

thumb can indicate a left-click gesture, while the simultaneous 

extension of the index and middle fingers can signal a right-

click. The recognized gestures are then mapped to standard 

mouse events using a script, which sends the appropriate 

commands to the operating system via libraries like 

pyautogui. 

The system architecture is designed to be modular, allowing 

flexibility in modifying or extending the gesture set. 

Additionally, it supports real-time feedback to ensure that the 
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user can view the cursor movement and receive immediate 

response from the system. The entire system operates with 

minimal latency and does not require any special hardware, 

making it suitable for a wide range of applications. 

 

2.2 HAND DETECTION AND TRACKING 
Hand detection is a crucial component of the virtual mouse 

controller. In our implementation, we use MediaPipe Hands, a 

lightweight yet powerful framework developed by Google, 

which is capable of detecting 21 hand landmarks in real time. 

These landmarks include fingertip positions, joints, and the 

base of the palm, providing a comprehensive understanding of 

the hand's pose. 

The input image is first converted to RGB format and passed 

to the MediaPipe pipeline. The model returns a list of 

normalized coordinates representing the landmarks of each 

detected hand. These coordinates are scaled to the resolution 

of the video frame and used to track the motion of specific 

fingers over time. 

To improve the robustness of the system, we apply filtering 

techniques such as moving averages to smooth out the 

landmark positions. This helps to reduce noise and sudden 

jumps in cursor movement, which can occur due to minor 

hand tremors or changes in lighting. The tracking mechanism 

ensures that the cursor position is continuously updated based 

on the real-time location of the user's index finger, providing a 

natural and intuitive interaction experience. 

 

2.3 GESTURE RECOGNITION 
Gesture recognition involves classifying the configuration of 

the hand into predefined categories such as left-click, right-

click, drag, and scroll. This classification is based on the 

relative positions of key landmarks. For instance, a left-click 

gesture is detected when the index finger and thumb come 

close to each other, indicating a pinch action. A right-click is 

recognized when both the index and middle fingers are 

extended and brought close together. 

To achieve accurate gesture classification, we calculate the 

Euclidean distances between key landmarks and compare 

them with threshold values determined through empirical 

testing. In some cases, angles between finger joints are also 

considered to differentiate between similar-looking gestures. 

Our system maintains a state machine to keep track of gesture 

transitions, which helps to avoid false positives caused by 

accidental or rapid hand movements. Debouncing techniques 

are also implemented to ensure that a gesture is only triggered 

after it remains stable for a certain duration, typically around 

200 milliseconds. This ensures that only intentional gestures 

are processed and mapped to mouse actions. 

 

2.4 CHALLENGES AND SOLUTIONS 
Developing a robust virtual mouse controller involves 

addressing several challenges. One major issue is the variation 

in lighting conditions, which can affect the accuracy of hand 

detection. To overcome this, we use adaptive thresholding and 

histogram equalization to preprocess the input frames, 

enhancing the contrast between the hand and the background. 

Another challenge is background clutter, especially in 

dynamic environments where multiple objects or people may 

be present. To reduce false detections, we limit the region of 

interest to a specific area of the frame where the hand is most 

likely to appear. Additionally, color-based segmentation can 

be applied to isolate the skin tone from the background. 

Latency is also a concern, as the system needs to respond to 

user gestures in real time. We optimize the frame processing 

pipeline by resizing input images and limiting the detection 

frequency to maintain a balance between performance and 

responsiveness. Using lightweight models and efficient 

libraries ensures that the system can run smoothly even on 

low-end devices. 

 

2.5 PERFORMANCE ANALYSIS 
We evaluated the performance of our virtual mouse controller 

in terms of gesture recognition accuracy, system 

responsiveness, and user satisfaction. The system was tested 

under different lighting conditions and backgrounds using a 

dataset of commonly used gestures. The overall accuracy of 

gesture recognition was found to be around 95 percent, with 

minimal false positives and negatives. 

Latency was measured from the moment a gesture was 

performed to the corresponding mouse action being executed. 

The average response time was approximately 120 

milliseconds, which is acceptable for real-time interaction. 

Users reported that the system felt responsive and intuitive, 

especially for tasks such as navigating menus or scrolling 

through documents. 

The system was also tested for long-term usability to ensure 

that it does not cause fatigue or discomfort. Since the 

interaction is touch-free, it was particularly appreciated in 

scenarios requiring hygiene, such as medical settings or public 

kiosks. Overall, the virtual mouse controller provides a viable 

and efficient alternative to traditional input devices. 

 

 

 

2.6 USER INTERFACE DESIGN 
The user interface (UI) of the virtual mouse controller system 

plays a critical role in improving user interaction and comfort. 

Although the system is designed to be touch-free, it includes a 

minimal on-screen overlay that provides feedback to the user 

about the detected hand position and current gesture status. 

This overlay helps users understand whether the system is 

correctly interpreting their gestures, enhancing trust and 

usability. 

The overlay includes a small marker that follows the position 

of the index fingertip and changes color based on the gesture 

being performed. For instance, the cursor turns green for 

movement, red for left click, and blue for right click. These 

visual cues help in providing immediate feedback and 

improve the learning curve for new users. 

Additionally, a calibration feature is available to adjust 

sensitivity based on the user’s distance from the webcam. This 

ensures consistent performance across different usage 

environments and hardware setups. The UI also includes 

settings to adjust the gesture detection threshold and frame 

rate, allowing users to fine-tune the system based on their 

preferences. 

 

2.7 ADAPTABILTY 
One of the key strengths of the virtual mouse controller 

system is its adaptability. The gesture recognition model can 

be retrained or fine-tuned using custom data collected from 

specific users. This makes the system highly customizable, 

allowing it to cater to individuals with unique hand postures, 

limited mobility, or different gesture preferences. 

http://www.ijsrem.com/
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Furthermore, the modular architecture enables easy 

integration with other accessibility tools, such as on-screen 

keyboards, voice assistants, or screen readers. By combining 

hand gesture control with other interaction modalities, the 

system can support users with a wide range of physical 

conditions, promoting inclusivity in digital interfaces. 

The system can also be extended to recognize gestures from 

both hands, enabling more advanced interactions such as 

zooming, multi-finger dragging, or context-specific shortcuts. 

These features enhance productivity and make the system 

suitable for applications beyond simple cursor movement. 

 

2.8 COMPARISON 
To evaluate the effectiveness of our approach, we compare the 

virtual mouse controller with existing alternatives such as 

infrared-based gesture controllers, glove-based systems, and 

commercial solutions like the Leap Motion Controller. While 

these systems offer high accuracy, they often require 

specialized hardware, increasing cost and limiting portability. 

Our solution offers a significant advantage by using only a 

standard webcam and open-source software, making it 

accessible to a larger audience. Unlike glove-based systems, 

which can be uncomfortable for long-term use, our system is 

completely touch-free and non-intrusive. Although infrared 

systems may perform better in low-light conditions, our 

method is competitive under typical indoor lighting 

environments. 

Moreover, the flexibility of our software-based solution 

allows for rapid updates and modifications without the need 

for hardware changes. This makes it more adaptable to 

evolving user needs and technological advancements. 

 

2.9 APPLICATION SCENARIOS 
The virtual mouse controller has diverse applications in 

various domains. In healthcare settings, it can be used by 

doctors and nurses to interact with digital systems without 

direct contact, reducing the risk of contamination. It can also 

assist patients with mobility impairments to control their 

computers using simple hand gestures. 

In educational environments, the system can support 

interactive teaching by allowing instructors to control 

presentations and digital whiteboards from a distance. It is 

also beneficial for gaming, virtual reality, and augmented 

reality applications, where traditional input devices may be 

impractical. 

In public spaces such as kiosks or ATMs, the system can 

provide a hygienic alternative to touchscreens, especially in 

the aftermath of global pandemics. Additionally, creative 

professionals like graphic designers and musicians can 

explore new methods of interaction with digital tools through 

gesture-based input. 

 

2.10 FUTURE ENHANCEMENTS 
While the current implementation demonstrates promising 

results, several enhancements can be made to further improve 

the system. One area of improvement is multi-language voice 

assistance integration, enabling users to combine voice 

commands with hand gestures for a more seamless 

experience. 

Another enhancement involves integrating artificial 

intelligence algorithms that can learn user behavior over time 

and adapt the system accordingly. For instance, the system 

could automatically adjust gesture sensitivity based on user 

motion patterns or environmental lighting conditions. 

We also plan to expand the gesture vocabulary and include 

support for customizable gestures defined by the user. This 

would allow individuals to create personalized shortcuts for 

frequently used commands. Integration with smart home 

systems, media control interfaces, and 3D design tools are 

additional avenues for expansion. 

Furthermore, optimizing the system for deployment on 

embedded platforms such as Raspberry Pi or Android devices 

can make it suitable for low-cost portable solutions and 

embedded systems applications. 

 

2.11 BACKGROUND AND VERIFICATION 
Traditional computer input devices such as the mouse and 

keyboard have served as the primary human-computer 

interaction (HCI) tools for decades. However, these devices 

present limitations for users with physical impairments or in 

environments where hands-free interaction is preferred. 

Recent advancements in computer vision and machine 

learning have enabled a new class of input methods based on 

gestures, voice, and eye movements. 

The virtual mouse controller project was conceived to address 

the need for an accessible, hygienic, and low-cost interaction 

tool. In particular, the goal was to enable users to perform 

everyday computer tasks such as pointing, clicking, and 

dragging without physically touching a device. The COVID-

19 pandemic highlighted the importance of contactless 

systems, reinforcing the relevance of such solutions in 

healthcare, public interfaces, and smart homes. 

 

2.12 TECHNICAL CHALLENGES 
While developing the virtual mouse controller, several 

technical challenges were encountered. One major issue was 

achieving real-time performance while maintaining high 

accuracy. Gesture detection from video streams involves 

multiple steps such as hand segmentation, landmark detection, 

gesture classification, and system control logic—all of which 

must execute with minimal delay. 

Another challenge was gesture ambiguity. Certain hand 

gestures can appear visually similar due to angle, lighting, or 

camera quality, leading to incorrect classification. 

Additionally, dynamic background elements such as moving 

people or changing lighting conditions introduced noise into 

the input stream, affecting the robustness of the system. 

Handling variation in user hand shapes, skin tones, and 

distances from the camera required the model to be trained on 

a diverse dataset. Moreover, differences in webcam quality 

across systems had to be considered when testing and 

calibrating the application. 

 

2.13 GESTURE MODEL TRAINING 
To create an accurate gesture detection system, a dataset of 

hand gestures was compiled. This included frames showing 

users performing actions such as open palm (cursor move), 

index finger up (pointer), pinching (left click), and closed fist 

(stop/idle). Data was collected using a webcam from various 

angles and lighting conditions to ensure model generalization. 

Preprocessing included frame resizing, background blurring, 

color normalization, and landmark extraction using 

MediaPipe's hand tracking module. Features were fed into a 

custom classifier built using a convolutional neural network 

(CNN) that maps landmark positions to specific gestures. 

http://www.ijsrem.com/
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The training process involved data augmentation techniques 

such as flipping, zooming, and rotation to simulate real-world 

variability. The model was trained using a categorical cross-

entropy loss function with an Adam optimizer, and the final 

accuracy reached above 90% for the main gesture classes after 

tuning. 

 

2.14 ACCURACY AND PERFORMANCE 
The system was evaluated based on gesture classification 

accuracy, latency, and user satisfaction. Accuracy was 

measured as the percentage of correctly identified gestures 

over the total number of test samples. For a sample of 1000 

labeled gesture frames, the average classification accuracy 

was 93.4%. 

Latency was measured as the time from frame capture to 

gesture action execution. On an average consumer laptop with 

a 2.5 GHz processor and integrated graphics, the system 

maintained an average response time of 90–120 milliseconds 

per frame, allowing for smooth cursor movement. 

A user study was also conducted, where participants were 

asked to complete a set of tasks such as navigating folders, 

opening files, and selecting options using the virtual mouse. 

Most users reported the system as intuitive and responsive, 

though some indicated that holding a specific gesture for too 

long caused fatigue—highlighting the importance of 

ergonomically designed gesture sets. 

 

2.15 SYSTEM OPTIMIZATION 
Several optimization strategies were implemented to improve 

system performance. Frame skipping was applied to reduce 

unnecessary processing—only every third frame was analyzed 

for gestures, with cursor movement interpolated between 

frames. This reduced CPU usage without affecting perceived 

smoothness. 

Additionally, lightweight models such as MobileNet were 

considered as replacements for heavier CNNs to enable 

deployment on lower-end hardware. Memory usage was 

optimized by limiting the number of concurrent background 

threads handling video capture and model inference. 

The system also implements dynamic gesture zone 

detection—only triggering gesture detection when the user’s 

hand is within a defined region of interest (ROI) in the frame. 

This reduces false positives caused by unintended movements 

outside the interaction zone. 
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3.CONCLUSION 
The virtual mouse controller project demonstrates the 

potential of combining computer vision and machine learning 

for intuitive, touch-free human-computer interaction. By 

leveraging real-time webcam input and gesture recognition 

techniques, the system enables users to control a cursor and 

perform common actions such as clicking and dragging using 

only hand gestures. This approach enhances accessibility for 

users with physical impairments, reduces reliance on 

traditional input devices, and supports hygienic interaction in 

public or medical environments. 

The project also highlights the feasibility of implementing 

such a system using only low-cost hardware and open-source 

libraries, making it practical for widespread adoption. Despite 

challenges related to accuracy, lighting conditions, and 

gesture ambiguity, the system performs effectively in most 

indoor environments. Continued improvements in model 

training, user feedback integration, and performance 

optimization will further increase its robustness and 

applicability. 

Future enhancements such as personalized gesture sets, multi-

modal interfaces, and support for embedded systems open 

avenues for broader deployment in domains such as 

education, smart homes, and public kiosks. The virtual mouse 

controller represents a significant step toward inclusive, 

flexible, and contactless digital interaction. 

 

 

4. ACKNOWLEDGEMENTS 
The authors would like to express their gratitude to the open-

source community for providing resources such as MediaPipe, 

OpenCV, and TensorFlow, which formed the backbone of this 

project. We also extend our thanks to the volunteers who 

participated in gesture data collection and user testing. Their 

feedback was invaluable in improving system performance 

and usability. Finally, we appreciate the guidance and support 

from our faculty and institution, which enabled us to bring this 

project to completion. 

 

5. REFERNCES: 
[1] F. Chollet, “Deep Learning with Python,” Manning 

Publications, 2017. 

[2] G. Bradski, “The OpenCV Library,” Dr. Dobb’s Journal of 

Software Tools, 2000. 

[3] M. Abadi et al., “TensorFlow: A System for Large-Scale 

Machine Learning,” in Proceedings of the 12th USENIX 

Conference on Operating Systems Design and 

Implementation, 2016. 

[4] F. Zhang et al., “Hand Gesture Recognition Using Deep 

Learning,” International Journal of Computer Applications, 

vol. 133, no. 3, pp. 14–21, 2016. 

[5] Google MediaPipe, “MediaPipe Hands: High-Fidelity 

Hand and Finger Tracking,” 

https://google.github.io/mediapipe/solutions/hands, accessed 

April 2025. 

[6] H. Erol, G. Bebis, M. Nicolescu, “Vision-based hand pose 

estimation: A review,” Computer Vision and Image 

Understanding, vol. 108, no. 1–2, pp. 52–73, 2007. 

[7] A. Krizhevsky, I. Sutskever, G. E. Hinton, “ImageNet 

Classification with Deep Convolutional Neural Networks,” in 

Advances in Neural Information Processing Systems, 2012. 

 

http://www.ijsrem.com/

