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Abstract- This paper presents a comprehensive design and
implementation of a Virtual Mouse system developed in
Python that enables natural, markerless control of a computer
cursor using real-time hand gestures captured from a
standard RGB webcam. The work combines computer vision,
machine learning-based hand landmark detection, and signal
processing to translate dynamic hand poses and movements
into robust mouse actions (move, single-click, double-click,
right-click, drag, and scroll) with minimal latency and good
tolerance to lighting and background variation.

Problem & Motivation. Traditional pointing devices impose
physical constraints and are impractical in hygiene-sensitive
or accessibility contexts. A camera-driven virtual mouse offers
a low-cost, contactless alternative useful for public kiosks,
presentations, touchless interfaces, and assistive technologies
for users with motor impairments.

I. INTRODUCTION

The rapid advancement of computer vision and
machine learning has enabled the development of new forms
of human—computer interaction that move beyond traditional
hardware devices such as keyboards, mice, and touchpads.
One such innovative concept is the Virtual Mouse, a system
that allows users to control on-screen cursor movements and
perform mouse operations using hand gestures captured
through a standard webcam. This approach offers a touch-
free, intuitive, and natural method of interacting with
computers, making it highly relevant in modern computing
environments.

Traditional computer mice require physical contact
and rely on mechanical or optical components that may wear
out over time. Furthermore, in applications where hygiene,
accessibility, or convenience is crucial—such as hospitals,
public  kiosks, smart classrooms, and interactive
presentations—physical contact-based input devices become
limited. The virtual mouse overcomes these constraints,
offering a cost-effective, contactless alternative using only a
camera and software algorithms.

1. Contactless Cursor Control

The primary feature of the virtual mouse is that it
enables users to control their computer cursor without any
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physical device. Using only a webcam, the system detects the
position of the index finger and maps its movement to the
screen. This allows smooth and intuitive cursor navigation,
making it ideal for hygienic environments and futuristic touch-
free systems.

2. Real-time Hand Tracking
The system continuously captures video frames from
the webcam and processes them using computer vision

algorithms.

With libraries like MediaPipe, it tracks 21 hand landmarks
in real time.

This enables:

e  Accurate detection of finger positions
e  Fast response with minimal delay
e Robust tracking even with hand rotation or slight
lighting variations
3. Gesture-based Mouse Clicks

The virtual mouse interprets simple finger gestures as mouse
commands:

* Single Click

A pinch gesture (index finger + thumb touching) or a
defined finger-fold gesture triggers a single left click.

* Double Click

A quick repeated pinch gesture or a two-tap finger
motion is detected as a double-click event.

* Right Click
A different finger combination (e.g., index and
middle finger pinch) triggers a right-click, allowing users to

open context menus easily.

Gesture-based clicking eliminates the need for physical
buttons and enables a natural interaction style.
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4. Drag and Drop Functionality

The system provides a drag mode where the cursor
stays  “attached” to an item on the screen.
When the user performs a sustained pinch gesture (holding the
pinch longer), the system interprets it as drag mode, allowing:

e Moving files/folders
e Dragging windows
o Dragging items inside applications
This enhances the virtual mouse’s usability for everyday tasks.

5. Scroll Control Using Finger Gestures

Scrolling s
For example:

implemented using two-finger gestures.

e  Moving two extended fingers up — scroll up
e  Moving them down — scroll down

This provides smooth page control in browsers, PDFs,
documents, and applications.

6. Smooth Cursor Movement with Stabilization Filters
Raw hand movement can be jittery.

To solve this, smoothing techniques such as:

e Exponential Moving Average (EMA)
¢ Kalman Filtering

are applied to the
This results in:

cursor position.

e More stable cursor movement
e Reduced shaking
e  Better accuracy when selecting small targets

7. Adaptive Gesture Detection

Users have slightly different hand sizes and movement styles.
The system dynamically adjusts to:

e Finger distance variations
o Different hand orientations
e Frame-to-frame landmark changes
This makes the virtual mouse more user-friendly and reliable

in real-world use.
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8. Multi-Platform Support

Since it is built in Python, the virtual mouse works on:

e Windows
e Linux
e macOS

Libraries like PyAutoGUI or Pynput allow the system to
control the OS cursor on all these platforms.

9. Simple User Interface / Feedback Window
The system optionally displays:

e  The camera feed

e Hand landmarks

e  Gesture detection indicators
e Cursor mapping region

This helps wusers understand what gestures are being
recognized in real time.

10. Low Hardware Requirements
The system needs only:

e A standard webcam
e  Python environment
o No external sensors or expensive devices

It is a low-cost, accessible solution for gesture recognition and
human-computer interaction.

11. High Customizability
Users can modify:

e  Gesture combinations
e  Detection thresholds
e  Cursor speed

e Smoothing level

e Sensitivity

This makes the system adaptable for personal use, research,
and advanced projects.

12. Extendability for Future Applications
The architecture allows adding more features like:

e \oice + gesture hybrid control
e  Multi-hand interactions
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Depth sensing
Sign-language-based commands
Integration with AR/VR

Identify the literature that you will review

Books:-

“Learning OpenCV 4 Computer Vision with Python 3” —
by Joseph Howse, Joe Minichino, and Prateek Joshi, 2019

Relevance: This book provides a deep understanding
of OpenCV functionalities in Python, including
image and video processing, object detection, and
feature extraction. It is particularly useful for
implementing real-time hand detection and tracking
for a virtual mouse system.

Key Takeaways: Techniques for contour detection,
landmark extraction, and real-time video processing
that form the foundation for gesture recognition.

“Mastering OpenCV 4 with Python” by Alberto
Fernandez Villan, 2019
e Relevance: Offers advanced computer vision

techniques in Python, including shape recognition,
motion detection, and feature tracking, which are
essential for cursor control based on hand gestures.
Key Takeaways: Methods for robust tracking of
moving objects and stabilizing cursor movement
through filtering techniques.

“Hands-On Computer Vision with OpenCV 4” - hy
Benjamin Planche and Eliot Andres, 2019

Relevance: Provides practical projects on gesture
recognition, image processing, and human-computer
interaction using Python.

Key Takeaways: Implementing gesture-based
controls, real-time video stream handling, and
integrating computer vision pipelines into Python
applications.

Print Journals:-

Rautaray, S. S., & Agrawal, A. (2012). Vision based hand
gesture recognition for human computer interaction: a
survey. Artificial Intelligence Review, 43(1), 1-54.

Relevance: This journal provides a comprehensive
survey of vision-based hand gesture recognition
techniques, which is fundamental for virtual mouse
systems.

Key Takeaways: Overview of feature extraction,
hand pose detection, gesture classification methods,
and real-time processing approaches.
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Kumar, M., & Choudhury, S. (2014). Hand gesture
recognition: A literature review. International Journal of
Advanced Research in Computer Science, 5(5), 95-100.

e Relevance:
recognition

various
including

Discusses
methods

hand gesture
template-based,

appearance-based, and learning-based techniques.
e Key Takeaways: Comparative analysis of accuracy,
speed, and usability of different gesture recognition

systems.

Online Literature:-

Reference
(Authors, Year)

Contribution / Relevance to Virtual
Mouse / Gesture-based HCI

Presents a method using a
Computer Vision-Driven||3D-hand skeleton model (static +
Gesture Recognition:|[dynamic gestures) for robust
Toward Natural andi|gesture recognition. Useful for
Intuitive Human-||more  accurate and natural
Computer (Shao, Zhang,|lhand-gesture interfaces beyond
Gao, Sun & Yang — 2024)|lsimple 2D fingertip tracking.

arXiv

Deep learning based

Hand gesture
recognition  system
and design of a

Human-Machine
Interface (Sen,
Mishra & Dash —
2022)

Demonstrates a full HCI system using
CNNs and/or vision-transformer (ViT)
models to classify hand gestures from
webcam feed; also shows a prototype
“virtual mouse + HMI” using Python,
with smoothing via Kalman filter to
ensure stable tracking. arXiv

IPN Hand: A Video

Dataset and Benchmark||Provides a large, realistic video

for Real-Time||dataset (RGB frames, varied
Continuous Hand||backgrounds/illumination) for
Gesture Recognition||static + continuous hand gestures

(Benitez-Garcia,
Olivares-Mercado,

— valuable for training/testing
gesture recognition models that you

Sanchez-Pérez  &Yanai||might use in your project. arXiv
— 2020)
Implements a virtual mouse using
Gesture .
L webcam-based hand gesture detection:
Recognition-based ||+ hand tips, maps fingerti
Al Virtual Mouse|| .. PS, P gertip
(Shukla positions to screen  coordinates,
. performs cursor movement, clicks,
Katiyar&Goel — . .
2022) scrolling etc. Good match with your
project scope. IJRASET
Towards Controlling||Describes a “motion-tracking

Mouse through Hand|mouse” using hand/finger detection

Gestures: A Novel and||via

webcam +

simple
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Efficient ~ Approach|/computer-vision methods for virtual gestures for movement and
(Waybhase, Joshi,||mouse control — shows a non-deep- cursor clicks.
Litoriya&Mangal =~ —{|learning but efficient approach. movement

2023) journals.christuniversity.in and clicks.

Summarize the literature in table or concept map format A field of A field of study
study that that enables
enables computers  to

Key . .
Terms  / Descriptions Key Terms / o f:omputers to !nterpret. visual
Concepts Concepts Descriptions mterpret Cpr_nputer mformanon
visual Vision from images or
A software A software system Computer information (cv) video, essential
system that that allows users to Vision from images for  detecting
allows users to control cursor (cV) or video, hand gestures in
control  cursor movement and essential for virtual  mouse
movement and Virtual perform mouse detecting systems.
. perform mouse actions without a hand gestures
Virtual = . . Mouse . . .
Mouse actions wnhgut phyycal mou.se, in virtual
a physical typically using mouse
mouse, typically hand gestures systems.
using hand captured via a An open- An  open-source
gestures . camera. source Python Python library
captured via a library  widely widely used for
camera. used for image image processing,
The process The process of processing, OpenCV video capture,
of detecting detecting and OpenCV video capture, object detection,
and interpreting object and gesture
interpreting human detection, and tracking in real-
human gestures gesture time.
gestures (hand, fingers, tracking in
(hand, Gesture body)  using real-time.
Gesture fingers, . Recognition cgmputer A A framework
Recognition Eggﬁutﬁmg \s/;::onr-basedor framework that  provides
o that provides pre-trained
vision  or methods  to pre-trained machine
sensor- execute . machine . . learning
based commands in learning MediaPipe models for
methods 1o a system. MediaPipe models for ! Hand real-time hand
execute / Hand real-time Tracking and finger
f:ommands Tracking hand and tracking,
In a system. finger widely used in
Identifying Identifying tracking, gesture-based
specific specific points widely used interfaces.
points on the on the hand in  gesture-
a0 g (e e
Landmark _’ " | Landmark ’ '
. palm center) . center) to
Detection Detection
to model model  hand 1. Purpose of the Literature Review
hand posture, used to
posture, used track  gestures e To understand existing methods for virtual mouse
to track for cursor systems, gesture recognition, and hand tracking.
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e To identify gaps in current research (e.g., latency
issues, robustness under different lighting, accuracy).

e To justify your project approach and design
choices.

2. Key Areas to Explore

1. Gesture Recognition Techniques
o Classical computer
segmentation, contour
hull/finger tip detection.
o Machine learning / deep learning: CNNs, 3D
CNNs, MediaPipe models, skeleton-based
hand tracking.
2. Hand Tracking & Landmark Detection
o Use of libraries like MediaPipe, OpenCV, or
custom keypoint detection.
o Landmark extraction: fingertips, joints, palm
center, orientation.
3. Virtual Mouse Systems
o Mapping gestures to cursor movement,
clicks, drag-drop, scrolling.
o Smoothing and stability (EMA, Kalman
filter) to reduce jitter.
4. Human-Computer Interaction (HCI)
o Ergonomics, usability, and user-friendly
gesture design.
o Real-time  performance
latency < 50ms.
5. Datasets and Benchmarks
o IPN Hand, other gesture datasets for
training/testing models.
6. Applications & Advantages
o Touchless  control, accessibility  for
physically challenged users, public kiosks,
presentations, AR/VR.

color
convex

vision:
detection,

requirements:

3. Sources of Literature
Books
o OpenCV with Python, Computer Vision
hand tracking, Gesture recognition.
Print Journals
o |IEEE Transactions on Human-Machine
Systems, Artificial Intelligence Review,

Computer Vision journals.

Online Journals / Recent Research
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o Arxiv, URSET, JARC, conference papers
(CVPR, ICCV) on hand gesture recognition,
virtual mouse, HCI.

Methodology to be used

The methodology for developing a Virtual Mouse in
Python involves capturing real-time video input from a
webcam, detecting and tracking the user’s hand, recognizing
specific gestures, and mapping these gestures to mouse
actions. The approach emphasizes accuracy, responsiveness,
and ease of use.

1. System Overview
The system consists of three main modules:

1. Input Module — Captures live video feed from the
webcam.

2. Processing Module — Performs hand detection,
gesture recognition, and cursor mapping.

3. Output Module — Simulates mouse actions (cursor
movement, click, drag, scroll) on the operating
system.

The system pipeline can be visualized as:

Webcam Capture — Hand Detection — Landmark
Extraction — Gesture Recognition — Cursor Mapping —
Mouse Actions

Il. CONCLUSION

The Virtual Mouse system implemented in Python
demonstrates the feasibility of contactless, gesture-based
human-computer interaction using standard hardware like a
webcam. By leveraging computer vision techniques, hand
landmark detection, and gesture recognition, the system
allows users to control cursor movement, perform clicks, drag-
and-drop, and scrolling without a physical mouse.
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