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Abstract:"Touch-Free Creativity - The Air Canvas" is a
real-time, hand-gesture controlled digital painting
application designed to liberate artistic expression from
the constraints of physical touch. By harnessing the
power of computer vision and the MediaPipe Hands
library, this project transforms the user's surrounding air
into an interactive canvas.

This innovative approach allows users to create digital
artwork using natural hand movements, captured by a
standard webcam. The application seamlessly interprets
hand gestures to draw, select colors, erase, and control
various canvas functionalities, all without requiring any
physical contact. Users can intuitively navigate the
interface, selecting colors from on-screen palettes,
clearing the canvas, changing the background, and even
saving their creations, all through simple hand motions.
The "Air Canvas" offers a unique and hygienic artistic
experience, eliminating the need for traditional input
devices like mice, styluses, or touchscreens. It provides
an intuitive platform for digital art creation, accessible to
a wide range of users, including those with limited
mobility. The inclusion of undo/redo functionality
ensures a fluid and forgiving creative process. This
project aims to push the boundaries of digital art
interaction, making creativity more accessible and
engaging through the power of touch-free technology.

KeyWords: Real-Time Performance, Hand gesture
recognition, Computer Vision, 2D Drawing, Machine
Learning, OpenCV, Mediapipe, Human-Computer
Interaction (HCI), Digital Art.

1.INTRODUCTION

The "Touch-Free Creativity: Air Canvas" project
explores an innovative approach to digital interaction,
moving away from traditional input devices like mice,
keyboards, and touchscreens. This project introduces a
system that allows users to "draw" or interact with a
digital canvas in mid-air using hand gestures. By
leveraging computer vision techniques and hand-tracking
technology, the Air Canvas creates a unique and intuitive

way to express creativity, control applications, and
interact with digital content of canvas. This project is
driven by the increasing demand for more natural and
intuitive human-computer interaction (HCI). Traditional
input methods can sometimes feel cumbersome,
restrictive, or even unhygienic in certain situations. For
instance, using a mouse for extended periods can lead to
repetitive strain injuries, and touchscreens in public
spaces can harbor germs. The Air Canvas aims to address
these limitations by providing a touchless interface that is
both engaging and efficient. The core idea is to capture
and interpret hand movements and gestures using a
standard camera. This information is then processed to
translate those movements into digital drawing or control
signals. The system utilizes libraries like OpenCV for
image and video processing and MediaPipe for robust
hand tracking. Python 3 provides the programming
environment for developing and integrating these
components. The choice of Python is motivated by its
rich ecosystem of libraries, ease of use, and cross-
platform compatibility. The Air Canvas project has the
potential to revolutionize various fields, including:

e Art and Design: Providing artists with a new medium
for digital painting and sculpting, offering greater
freedom of expression compared to traditional tools.

e Education: Creating interactive and engaging learning
experiences that can cater to different learning styles and
promote active participation.

This project represents a significant step towards a future
where humans can interact with computers in a more
natural and intuitive way, using their bodies as the
primary interface. It explores the possibilities of gesture-
based interaction and its potential to transform the way
we interact with technology.

2. RELATED WORK

Early gesture recognition systems often required users to
wear specialized gloves or use depth sensors, limiting
their accessibility. More recent research explores
markerless motion capture, relying solely on standard
cameras. Libraries like TensorFlow and PyTorch are
increasingly used to train custom gesture recognition
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models, enabling more complex and nuanced
interactions. Studies on user experience in virtual reality
and augmented reality environments also provide
insights into effective gesture-based interfaces. The
development of efficient algorithms for real-time hand
tracking has been a key area of focus, with techniques
like optical flow and convolutional neural networks
playing significant roles. The integration of haptic
feedback in gesture-based systems is also an active area
of research, aiming to enhance the sense of touch and
immersion.

3. MOTIVATION
IDENTIFICATION

AND PROBLEM

The current reliance on traditional input devices like
mice and keyboards can be limiting for creative
expression, particularly in digital art. Air Canvas aims to
bridge this gap by offering a more direct and intuitive
interaction method. The project also addresses the
growing need for accessible technologies, as gesture-
based interfaces can be beneficial for individuals with
motor impairments. Real-time performance is critical, as
any significant delay between hand movements and on-
screen actions can disrupt the user's flow and creativity.
Furthermore, the design of a seamless and intuitive user
interface is crucial, as users need to be able to easily
select tools and colors without disrupting their creative
process. The need for precise and consistent gesture
recognition is highlighted by the variability of hand
shapes and movements, demanding robust algorithms.

4.PROPOSED SOLUTION

The initial phase focuses on developing a robust hand
tracking pipeline using MediaPipe, which provides
relatively robust hand landmark detection. Subsequent
work involves implementing a virtual canvas that
smoothly translates hand movements into on-screen
strokes. A key aspect is the development of a gesture
recognition module, capable of distinguishing between
drawing commands and tool selections. The user
interface is designed with a focus on simplicity and
intuitiveness, utilizing on screen buttons for tool
selection, stroke break, color adjustments, clear canvas,
undo, redo, save and quit. The undo button, redo button,
save button, clear button, background color change
button, erase button, and quit button are all on screen
buttons that are activated by touching the index finger to
the button. Beyond basic drawing functionalities, the
project also implements the functionality to change the

backgro

und color of the canvas, and to erase parts of the

drawing.

5. METHODOLOGY

System Architecture and Flow

1.

Input: Real-time video feed from the webcam.

Pre-processing:

a.

Frame conversion to RGB color space for hand
detection.

Initialization of a 471x636 pixel canvas for
drawing.

Hand Detection:

MediaPipe’s hand tracking model identifies and
tracks hand landmarks with a minimum
confidence of 0.7.

Gesture Recognition:

The coordinates of the forefinger are
continuously captured to determine drawing
actions.

Virtual buttons are defined for color selection,
erasing, clearing the canvas, undoing and
redoing action and saving artwork.

Stroke break detection, by monitoring the
distance between the thumb and index finger.
Drawing Logic:

The canvas updates with stored points, creating
a real-time drawing effect based on the detected
gestures.

Implemented features include a 20-pixel erase
function, undo/redo functionality with a 60-state
cap, and timestamped PNG saving.

Output:
The canvas displays the drawing along with
real-time hand movement visualization,

allowing for touch-free creativity.
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Flow Chart

5. Gesture  Recognition;  Store  forefinger
coordinates to recognize drawing gestures and
trigger actions (clear, erase, undo, redo, quit,

Touch-Free Drawing System Flowchart

save).
Input: Real- 6. Drawing on Canvas: The canvas displays real-
Ime video . . . -
feed time drawings with options for color

customization and background changes.
Testing and Validation

1. Manual Testing: Conduct tests to verify drawing
functionality, control responsiveness, erasing
capabilities, undo/redo  operations, and
background color changes.

2. Performance Metrics: Measure latency to ensure
it remains below 100ms and assess gesture

recognition accuracy. Varies based on the
l hardware.
3. Validation: Ensure that the touch-free
functionality operates smoothly and that saved
J, Yes artwork accurately reflects the canvas display.

6.IMPLEMENTATION

1. Initialization and Environment Setup:
o Install necessary libraries (Python,
OpenCV, MediaPipe, etc.).
o Initialize webcam access and MediaPipe

Hands model.
o Create a display window for video feed
and canvas.
Tools and Libraries Used o Establish initial program variables
e Programming Language: Python (color, on screen button locations,

drawing mode).

e Libraries:

o OpenCV: For real-time video processing and
rendering on the canvas.

o MediaPipe: For hand landmark detection and
gesture recognition.

o NumPy: For efficient array manipulations and
data handling.

e IDE: Visual Studio Code or PyCharm for
development and testing.

Algorithm and Steps

1. Frame Capture: Read video frames from the 2. Real-time Hand Tracking:
webcam using OpenCV. o Capture video frames from the webcam.
2. Color Space Conversion: Flip frame and o Process frames using MediaPipe Hands

Convert frames to RGB for hand detection. to detect hand landmarks.

3. Canvas Initialization: Prepare a canvas frame Extract hand landmark coordinates.
with virtual buttons for color selection and other Visualize hand landmarks on the display
actions. window.

4. Hand Detection: Utilize MediaPipe to detect

hand landmarks and track the forefinger's
position.
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3. Gesture Recognition and Interpretation:

o

4. Virtual

e}

Analyze landmark positions to detect
index finger touches on on screen
buttons, for actions like color change,
undo & redo, erase, clear, save, and
quit.

Detect stroke breaks by monitoring the
distance between the thumb and index
finger.

Translate touches and stroke breaks into
corresponding actions.

Canvas Drawing Logic:

Map hand landmark movements to pixel
coordinates on the canvas.

Draw lines or points based on the
forefinger landmark.

Apply selected color to the drawing.
Implement  clear canvas, erase,
background color change, undo and
redo functionality.
Implement  save
functionality.

canvas to png

5. User Interface Interaction:

o

Display on-screen Ul elements (color
palette, mode selectors, clear, erase,
undo, redo, save, quit, background color
change).

Implement  index  finger  touch
interaction with on screen rectangles.
Update drawing parameters based on Ul
interactions.

Display current drawing parameters on
screen.

6. Performance Management:

o

o

Test application on various hardware.
Minimize latency between hand
movements and on-screen actions.

7. CONCLUSION AND OUTPUT

The Touch-Free Creativity — Air Canvas project
successfully demonstrates a gesture-based digital
drawing system using OpenCV and Mediapipe. It
provides an intuitive, touch-free experience where users
can create digital drawings by simply moving their
hands in the air. The system employs real-time hand-
tracking algorithms to detect finger movements,
translating them into drawing strokes on a virtual
canvas. This project highlights the potential of computer
vision in human-computer interaction and paves the way
for more interactive, hands-free technologies.
KeyAchievements

e Contactless Drawing Interface — Users can draw
on a virtual canvas without physical contact,
making it a hygienic and innovative approach.

e Enhanced Creativity — The system allows
dynamic color selection, making digital art
creation more engaging and interactive.

e Real-time Hand Tracking — The project

efficiently detects hand movements and converts
them into precise drawing actions.

o Integration of Al and Computer Vision — It
showcases gesture-based control, which has
applications in gaming, education, healthcare,
and accessibility.
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How to Build Air Canvas?:

A comprehensive tutorial that explains setting
up the project, using deque for color points, and
implementing hand tracking with Mediapipe.
Covers installation instructions for required
libraries like OpenCV, Mediapipe, and Numpy.
Studocu Project Reports:

Detailed project reports on Air Canvas
implementations using OpenCV and Mediapipe,
which provide insights into methodologies and
applications in academic settings.
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