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ABSTRACT—AIr Canvas is a revolutionary form
of digital drawing art expression that relies on
computer vision and machine learning techniques.
The goal is to create a way for the user to draw and
touch a virtual canvas in mid-air using the
unorthodox tools of pen and paper. The system
detects the user's hand or marker by using a
webcam / camera device which tracks the user's
gestures and translates them into strokes on a
virtual canvas.The Air Canvas utilizes OpenCV to
analyze video feeds in real-time and extract and
recognize the marker or hands within the video
stream. Gesture detection machine learning
algorithms enhance the ability to recognize even
the most intricate gestures. The Air Canvas
software also includes smoothing algorithms that
provide stroke smoothness and organic feel that
mimics drawing in traditional sense. The Air
Canvas has applications in education, art, and
accessibility as it provides a hands-free, intuitive
drawing means for users unable to use their hands.
It also provides a novel, interactive platform that
allows artists and creatives to play with digital
media like never before. The Air Canvas pushes the
limits of human-computer interaction by merging
Al and computer vision technologies to create
intelligent and fun tools. Future iterations could
include 3D drawing, multiple simultaneous users
and even augmented or virtual reality spaces. The
Air Canvas is paving the way for more immersive
and innovative digital creative practices.
Keywords—processing, appropriately, clinicians,
structures, presence

I. INTRODUCTION
Over the past few years, human-computer
interaction (HCI) has changed the way users
interact with digital systems. One of the
technological novelties is the air canvas system

where the user can write digitally using gestures in
mid-air space with both hands or any combination
of hand gestures and interfaces to create. Air
canvas systems have a wide range of applications
from digital design and art to education and
interactive games, and provide a creative and
flexible medium absent of the limits of
conventional tools. However, air canvas systems
face significant challenges which inhibit them from
common usage. Tracking the drawing device—a
stylus or finger—in real-time with accurateness and
consistency can be difficult to do due to the
variability in environments, especially in certain
conditions like uneven lighting and obscured
backgrounds. Further complicating the tracking
problem are the requirements for accurateness and
responsiveness without relying on specific, often
expensive, hardware. Processing efficiency is still
another major issue, since push-button interfaces in
graphical applications and CAD do not want user
feedback to suffer due to delay and lag.

This proposed study solution addresses
these problems by presenting an improved air
canvas method developed with Python's OpenCV
library for tracking and object-detection. By using
the built-in capabilities of OpenCV. A noteworthy
quality of the air canvas is that both stylus and
fingertip tracking are accommodated in this system,
providing a combination of flexibility and usability.
The stylus method is based on enabling tracking of
an instrument that provides the user the capability
to draw accurately under controlled conditions. The
fingertip-projected method offers a natural and
hardware-less  alternative, the project uses
computer-vision methods to detect and project the
user's fingertip movements on to the canvas. Both
methods of interaction ensure that the system can
accommodate different user preferences and
variable environmental conditions.
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This project is directed at making the
virtual drawing systems more accurate, responsive,
and user friendly by addressing the limitations of
existing air canvas systems. Other features such as
gesture-based controls for color picking, switching
modes, and clearing the canvas, also improve the
functionality and interactivity of the system..

The paper is structured as follows: In
Section 1I, we summarize advances in air canvas
systems, including key developments in air canvas
systems and what stands in the way of them. In
Section I, we outline the methodology and
training data for the approach as well as other
competing methods used in the system. In Section
IV, we present experimental results and assess the
performance of the system. Finally, in Section V,
we conclude with insights into the possible
applications and limitations of the system and
directions for future research.

The proposed system represents an
innovative advancement in human-computer
interaction that incorporates precision, flexibility,
and aesthetic intent with an aim towards providing
a sophisticated air canvas experience.

Besides tracking, the air canvas system
also supports gesture controls powered by machine
learning algorithms. Users can perform functions
such as color selection, screen clearing, and mode
switching, enabling a greater level of interactivity
and usability. Optimization techniques are also
leveraged to reduce processing latencies in order to
ensure real-time responses; real-time response is
critical to an immersive user experience.

The remainder of this paper is structured
as follows: Section Il contains a review of air
canvas systems and the role machine learning has
had in making them more powerful; Section IlI
describes the overall methodology, training data,
machine learning models, and other alternative
methods in the system, Section IV analyzes the
current performance measures by outlining
experimental results, and Section V concludes with
contextualization —of  future directions and
applications.

By incorporating machine learning into air
canvas systems, this research solves longstanding
issues of precision, flexibility, and human-
computer interaction, providing a substantial
advancement in human-computer interaction and
digital artistic practice.

Il. LITERATURE SURVEY
The architecture of air canvas systems
have been an area of consideration for the past few
years and focus has been put toward improving
accuracy, real-time location and user interactivity.

This review showcased some of the primary studies
from the years 2019 through to 2024 that support
the formulation of air canvas technology. Srinivas
et al.[1] in (2019) provided an examination on the
methods of image segmentation, with the Otsu
algorithm highlighted. The results of their
investigation supported the idea that the potential
of thresholding could be used in object region
segmentation, which is put forth to provide
accurate stylus and fingertip tracking for air canvas
systems. Pandey et al.[2] in (2021) explored using
OpenCV in coordination with colour detection,
which was vital in stylus tracking. With the by use
of HSV colour space in detecting marker colours,
the authors opened the possibility to successful and
real-time object identification that enabled the user
to interact rapidly with the canvas. Beg et al.[3] in
(2021) constructed the foundation of a writing
system to write text in the air with fingertip
tracking. The method used contour analysis and
blob detection to identify the fingertip,
demonstrating the potential for natural drawing and
gesture-controlled input on virtual canvases.
Dewangan and Chouhan [4] (2020) explored
object detection methods using OpenCV and
highlighted the use of Haar Cascade classifiers in
real-time object detection, which is now widely
applied to stylus detection in air canvas systems.
Kaur et al. [5] (2021) conducted a broad survey of
augmented reality (AR) and virtual reality (VR)
applications with a focus on air-based writing
systems. They also highlighted fingertip tracking
and homography-based strategies in gesture
mapping to virtual canvases to improve the user
experience. Reddy et al. [6] (2022) developed a
new air scripting system, using OpenCV, which
allows users to draw with their hands in mid-air.
Their use of advanced contour tracking and real-
time gesture recognition in this air canvas system
represents great progress in improving the
responsiveness of air canvas systems.

Reddy and Dhar in (2023) proposed a
solid air canvas system that used deep learning
based object detection for greater accuracy. They
used YOLO (You Only Look Once) algorithms to
reliably improve stylus and fingertip detection even
in poor light conditions. Sharma et al. in (2024)
examined machine learning based air canvas
systems. They hybridized CNNs with classic object
detection for accurate and adaptive tracking. They
demonstrated that hybrid models could maximize
real time responsiveness. Overall, the papers
discussed complement the evolving adoption of
next-generation machine learning techniques for
computer vision instead of classic techniques. They
point to the advancing technology of air canvas
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systems where "we are being taken from
computation to cognition” [6]. Air canvas systems
are themselves also shifting to still provide cutting
edge solutions to free-hand drawing and virtual
experience.

IHI. TRAINING DATA AND
APPROACHES
1.METHODOLOGIES

The proposed system detects and tracks a
stylus or fingertip in real time providing a drawing
experience for the user on a virtual canvas. Earlier
systems often required a proprietary hardware or
made use of hardware unable to use a user's device
camera. Their tracking systems were often
inaccurate, leaving the user frustrated in the
drawing experience. Our approach will be low-
cost, scalable, extensible, and reliable for a wide
range of applications that suit a variety of users and
user needs. The air canvas system we have devised
combines a hardware and software component. The
hardware component includes a stylus that has the
ability to be detected by a camera placed above the
canvas, while the the software components uses
OpenCV to work in real time by processing the
video stream, then subsequently detects the
position of the stylus at any given instant.

To detect a stylus, we became familiar
with object detection features in OpenCV. To learn
to detect the stylus in the video stream, we trained a
Haar Cascade classifier. Training consists of
assembling a number of positive and negative
samples of the stylus and background so that
OpenCV can learn to classify these two objects.
Classifier training was accomplished using a
combination of manual and automatic techniques,
like annotating the positive and negative samples,
as well as, incorporating a few of OpenCV's built-
in tools for feature extraction and training.

Once the stylus is detected in the video
stream, we use its position to update the virtual
canvas in real-time. We use a simple drawing
algorithm to simulate the movement of the stylus
on the canvas, allowing users to draw on the canvas
in mid-air.

Fig 2: Air Canvas Overview

Workflow of the Air Canvas Model

The air canvas model works by capturing
a continuous video stream (feed) from the camera,
processing individual frames to identify the stylus
or fingertips, and mapping the position of the
identified object to a virtual canvas for real-time
drawing.
1. Capture Video Stream: The first step consists of
capturing the video stream from the camera, and
processing the video stream for each video frame to
detect the position of the stylus or fingertips.
2. Stylus or Finger Detection Using Machine
Learning: Object detection algorithms, particularly
Haar Cascade classifiers, are used to detect the
stylus or fingertips in the captured frames. The
classifier is trained to recognize the object based on
its features, enabling the system to accurately
locate and track the object in real-time.
3. Real-Time Drawing on the Virtual Canvas: Once
the object (stylus or fingertip) is detected, the
system maps its position to the virtual canvas. This
allows the user to draw freely in the air, with the
system continuously updating the canvas as the
object moves.
4. Gesture Control for Enhanced Interaction: To
offer a more intuitive and versatile user experience,
the system also incorporates gesture control. Users
can perform predefined gestures (e.g., pointing,
drawing a circle) to control settings such as color,
brush size, or to clear the canvas.

Aspect Stylus-Based | Fingertip
Tracking Tracking

Hardware Requires a | No additional

Requirements | stylus hardware;
camera only

Precision High precision | May vary due
to hand
movement
noise
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Ease of Use Requires a | Natural,
physical tool hardware-free
interaction
Adaptability | Limited to | Sensitive to
stylus lighting and
characteristics | background

Fig 3: Comparison of Different Approaches

IV. RESULTS AND DISCUSSION

To detect the marker, we can use the same
object detection techniques as in the proposed
methodology. We can train a Haar Cascade
classifier or use other object detection algorithms to
detect the marker in the video stream. Once the
marker is detected, we can use its position to track
the stylus and update the virtual canvas in real-
time.

The implementation of the Air Canvas
system, using both stylus and fingertip tracking
methods, was evaluated based on its accuracy,
responsiveness, and usability.

In the stylus tracking approach, the system
was successful in detecting the position of the
stylus in real-time, with high precision. The Haar
Cascade classifier used for object detection proved
effective in identifying the stylus, even in varying
lighting conditions. As the stylus moved across the
canvas, the system responded quickly, and the
drawing on the virtual canvas was accurately
updated in real-time. The precision of the stylus
detection enabled users to draw with fine control,
making it suitable for detailed and precise tasks.
However, some minor lag was observed when the
camera frame rate dropped, which affected the
overall responsiveness of the system. Additionally,
the system was dependent on the presence of the
stylus, requiring the user to have a physical object
for interaction.

In the alternative fingertip tracking
approach, the results were promising but less
precise than the stylus-based method. The use of
skin color segmentation and thresholding allowed
the system to detect the hand and fingertips
effectively in most cases. However, challenges
arose when the hand was partially occluded or
when the lighting conditions were poor, making
fingertip detection less reliable. Optical flow
algorithms provided decent tracking of fingertip
movements, but fast hand movements sometimes
resulted in slight inaccuracies in trajectory
estimation. Despite these limitations, the fingertip
tracking method provided a hands-free drawing
experience, offering more flexibility and
eliminating the need for additional hardware.

Thecanvas manipulation using
homography-based techniques worked effectively

for both methods. Users were able to interact with
the virtual canvas in real-time, drawing and making
modifications by simply moving their fingers or
stylus in mid-air. Gesture-based commands, such
as swiping to switch modes or double-tapping to
erase, were intuitive and improved the overall
interactivity of the system.
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Fig 3: Stylus Detection

Overall, the Air Canvas system
demonstrated the potential for a hands-free,
interactive drawing experience. While the stylus-
based method showed greater accuracy and
precision, the fingertip tracking approach offered a
more flexible, hardware-free solution, albeit with
some trade-offs in accuracy. Future improvements
could focus on enhancing fingertip detection and
tracking accuracy, optimizing system performance
under varying environmental conditions, and
adding more gesture-based commands for a richer
user experience.

El"‘j

Fig 4: Stylus Detection and display on Camera
mask

V. CONCLUSION

This research successfully demonstrates
an advanced air canvas system using Python and
OpenCV. The system's robust object detection
enables real-time drawing with a high degree of
accuracy. While the current implementation
achieves significant usability, challenges like low-
light detection and frame rate optimization remain.

Future  enhancements use of the
Integration of Deep Learning Models, To improve
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