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1.Abstract

The Touchless Gesture Control System is a real-time
human-computer interaction platform that utilizes
computer vision and machine learning to interpret hand
gestures captured by a standard webcam. This system
enables users to control their computer using intuitive
hand movements, eliminating the need for physical input
devices like keyboards and mice. By leveraging the
MediaPipe Hands solution, the system accurately detects
21 key landmarks on each hand, enabling the recognition
of various gestures. These gestures are mapped to specific
computer actions, such as cursor movement, clicks,
scrolling, and application switching. The system is
designed to be user-friendly, responsive, and accessible,
providing a hygienic and convenient alternative to
traditional input methods. This report details the
development process, implementation, and testing of the
system, highlighting its potential applications in various
fields.

Key Words: Gesture Recognition, Computer Vision,
Machine Learning, MediaPipe, Touchless Control,
Human-Computer Interaction.

2.Introduction

2.1 Objective of Project

The primary objective of this project is to design and
implement a touchless gesture control system for a
computer using a standard webcam and machine learning
algorithms. The system aims to provide a hygienic,
accessible, and intuitive way to interact with a computer.
The specific goals are:

e To develop a real-time system for detecting hand
gestures using a standard webcam.

e To map recognized gestures to specific computer
actions (e.g., left-click, right-click, scroll, cursor
movement).

o To create a user-friendly interface with visual
feedback.

e To ensure the system is accurate, responsive, and
works reliably.

2.2 Problem Statement
Traditional computer input methods present several
challenges:

e Hygiene Concerns: Shared keyboards and mice
harbor bacteria and viruses, posing health risks,
especially in public or shared environments.

e Accessibility Limitations: Users with motor
impairments or disabilities may find it difficult or
impossible to use standard input devices.

e Ergonomic Issues: Prolonged use of keyboards and
mice can lead to repetitive strain injuries (RSI) and
other musculoskeletal disorders.

e Environmental Constraints: In sterile environments
like hospitals or laboratories, touchless interaction is
essential to prevent contamination.

This system addresses these problems by providing a

touchless, hygienic, and accessible way to control a

computer. It leverages the power of computer vision and

machine learning to interpret natural hand movements,
offering a more intuitive and user-friendly experience.

2.3 Significance of the Project

This project is significant because it:

e Promotes Hygiene: By eliminating physical contact
with input devices, the system reduces the spread of
germs and viruses.

e Enhances Accessibility: It provides an alternative
input method for users with disabilities, improving
their ability to interact with computers.

¢ Improves User Experience: The system offers a more
natural and intuitive way to control a computer,
potentially reducing user fatigue and improving
productivity.

e Demonstrates Technological Feasibility: Showcases
the practical application of advanced computer vision
and machine learning techniques in a real-world
scenario.

3.System Architecture

3.1 System Design

1. Video Capture: A webcam captures RGB frames at
30 FPS.

2. Hand Detection: MediaPipe identifies hands in the
video frames.

3. Landmark Extraction: 21
extracted for each detected hand.

3D coordinates are

4. Gesture Recognition: The system analyzes the
landmark data to identify specific gestures.

5. Action Mapping: Recognized gestures are mapped to
system commands.

6. Command Execution: PyAutoGUI performs the
mapped actions.
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7. Visual Feedback: The current state is displayed to the
user.

Syb'em Architecture Diagram

A stura Contral System. Key Componants & Data Fow

3.2 Hand Landmark Detection

MediaPipe Hands detects 21 key landmarks on each
hand, providing precise information about the hand's
position, orientation, and finger configuration. These
landmarks are numbered as follows:
o 0: Wrist
e 1-4: Thumb (CMC, MCP, PIP, TIP)
e 5-8: Index finger (MCP, PIP, DIP, TIP)
e 9-12: Middle finger (MCP, PIP, DIP, TIP)
e 13-16: Ring finger (MCP, PIP, DIP, TIP)
e 17-20: Pinky finger (MCP, PIP, DIP, TIP)

Each  landmark  provides three-dimensional
information (X, y, z), enabling the system to understand

the hand's position and orientation in space.

3.3.Gesture Recognition

The gesture recognition algorithm uses predefined
rules based on the positions of the 21 landmarks to
identify specific gestures. For example, if the distance
between the thumb's tip and index finger's tip is below a
certain threshold, the system recognizes a "pinch"

gesture, which is mapped to a left-click action.Similarly,
if the index finger is extended and the other fingers are
curled, the system recognizes a "point" gesture, which
moves the cursor to the corresponding location on the
screen.

4.Implementation
4.1 Hardware & Software Requirements

This system is designed to be accessible and easy to set

up, requiring only standard hardware and software.

Hardware Requirements :

e Processor: Intel Core i3 or equivalent (2.0 GHz+)

e RAM: 4 GB minimum (8 GB recommended)

e  Webcam: 720p or higher resolution (standard USB
webcam)

e Operating System: Windows 10/11 (64-bit)

Software Requirements :

e Python 3.7+: The core programming language.

e OpenCV: A powerful library for computer vision
tasks.

e MediaPipe: For real-time hand

landmark detection.

tracking and

e PyAutoGUIL: For controlling the mouse and
keyboard.
e NumPy: For numerical operations and array

manipulation.

4.2 Module Description

The system is structured into several interconnected

modules:

e main.py: The main application file that orchestrates
the entire system. It initializes the camera, loads
configuration files, and manages the main processing
loop.

e hand tracker.py: This module handles the interaction
with the webcam and MediaPipe. It captures video
frames, processes them to detect hands, and extracts
the landmark data.

e gesture detector.py: This module analyzes the
landmark data to recognize specific gestures. It
contains the logic for identifying gestures like pinch,
point, scroll, etc.

e cursor _controller.py: This module translates the
recognized gestures into actions on the computer. It
uses PyAutoGUI to move the cursor, perform clicks,
and scroll.

e ui.py: This module is responsible for the graphical
user interface (GUI).

e [t displays the video feed, landmark visualization,
detected gestures, and system status.
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4.3 Algorithms

The system uses several key algorithms:

e Hand Detection Algorithm: MediaPipe's hand
detection model identifies hands in the video frames.

e Landmark Detection Algorithm: MediaPipe's hand
landmark model predicts the 21 3D coordinates for
each detected hand.

e Gesture Recognition Algorithm: A set of rules based
on landmark positions identifies specific gestures.

e Cursor Control Algorithm: The system maps the
detected hand position to the screen's coordinate
system, applying smoothing to reduce jitter.

5. Results and Discussion
5.1 System Output

This system provides a clear and informative output to
the user. The graphical user interface (GUI) displays the
following information:

e Video Feed: The live video from the webcam,
showing the user's hand and the system's tracking.

e Landmark Visualization: Green lines connect the 21
landmark points on the hand, providing a visual
representation of the hand's skeleton.

e Detected Gesture: The system displays the
recognized gesture (e.g., "Pinch," "Point") and its
confidence level (e.g., "95%").

e System Status: The current status of the system is
displayed (e.g., "ACTIVE," "PAUSED").

o FPS Counter: The frames per second (FPS) of the
system is shown, indicating its performance.

5.2 Performance Analysis

The system was tested for accuracy, latency, and

responsiveness.

e Accuracy: The system achieved an accuracy of over
90% for core gestures like pinch, point, and scroll.
Accuracy was slightly lower for more complex
gestures like swipes.

e Latency: The system demonstrated low latency, with
actions executed within 100 milliseconds of the
gesture being detected.

e Responsiveness: The system was highly responsive,
with cursor movements and clicks occurring almost
instantaneously after the gesture was recognized.

5.3 Testing Results

The system was tested with a group of 10 participants,
including users with varying levels of experience with
technology.

1. User Feedback: 90% of participants found the system
intuitive and easy to use. They appreciated the
hygienic aspect and the ability to control the
computer without touching any surfaces.

2. Usability: The system was rated highly for usability,
with participants able to learn the basic gestures
within a few minutes.

3. Accessibility: The system was found to be accessible
to users with motor impairments, allowing them to
control the computer using simple hand movements.

FIGURE 5.1: System Output - Active Status

6. Conclusion and Future Scope

6.1 Conclusion

The Touchless Gesture Control System successfully
demonstrates the feasibility of using computer vision and
machine learning for intuitive, hygienic, and accessible
computer control. By leveraging MediaPipe Hands and a
simple set of algorithms, the system accurately
recognizes a variety of hand gestures and maps them to
corresponding computer actions. The system is user-
friendly, responsive, and works reliably under various

conditions.
5.2 Future Enhancements

To further improve the system, the following

enhancements could be implemented:

e Expand Gesture Set: Add support for more gestures,
such as two-hand gestures for more complex actions.

e Improve Accuracy: Utilize machine learning models
to learn more complex gesture patterns and improve
recognition accuracy.
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Enhance User Interface: Develop a more polished
and visually appealing GUI with additional features
like gesture history and customizable action
mapping.

Cross-Platform Support: Extend the system to work
on macOS and Linux operating systems.

Integrate with Other Systems: Connect the system
with virtual assistants or smart home devices for a
more comprehensive touchless control experience.
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