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Abstract—Using OpenCV, this project Hand Gesture
Drawing enables intuitive digital art creation through hand
gestures. It employs hand tracking and gesture recognition,
interpreting real-world movements as drawing commands.
Techniques include image processing, contour detection, and
machine learning. Users can store notes or clear drawings,
enhancing teaching methods. The system captures real-time
video input, isolates the hand, and applies tracking models.
Machine learning fine-tuning ensures robust gesture
recognition. The innovative solution offers an engaging way for
users to express themselves. Overall, it combines computer vision
and user-friendly interfaces for intuitive digital art creation.

I INTRODUCTION

Writing in air, a captivating frontier in the realms of image
processing and pattern recognition, has emerged as a compelling
research area in recent years. Its potential for revolutionizing
automation processes and enhancing human-machine interfaces
across diverse applications is undeniable. Within the broader
context of Computer Vision, object tracking stands out as a pivotal
task, facilitating the analysis of video data and enabling real-time
interaction with the environment. The convergence of
advancements such as faster computing, affordable high-quality
video cameras, and the growing need for automated video analysis
has propelled object tracking techniques into the spotlight.

In this vein, the concept of an "air canvas" emerges, leveraging
computer vision to track the trajectory of gestures or actions
performed in the air. This innovation holds promise for a myriad of
practical applications, with one notable example being its
integration into online meeting platforms. Imagine a scenario
where educators utilize the air canvas to illustrate concepts or
annotate presentations in real-time, enriching the virtual learning
experience and fostering enhanced engagement among
participants.

1. LITERATURE REVIEW

An exploration into the domain of "Hand Gesture Drawing"
involves a systematic review and analysis of existing scholarly
works, research articles, technical reports, and relevant literature
concerning the fusion of hand gestures and drawing techniques in
digital environments. This survey aims to comprehensively
investigate  the  theoretical  foundations,  technological
advancements, methodologies, applications, and user experiences
associated with utilizing hand gestures as a means to create digital
artwork on virtual canvases.

2.1.1 Air Canvas Application Using OpenCV and Numpy
Python:[1]

Utilizing traditional tools like styluses or air pens for air
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writing isn't necessary in our system. Instead, we employ fingertip
detection, enabling users to write in the air without carrying additional
equipment. Deep Learning algorithms are used to detect fingertips in
every frame of the video, providing a comprehensive set of
coordinates. Initially, two-second videos of hand motions were
captured and converted into 30 distinct images each, resulting in a
dataset of 2000 images. Manual labeling achieved a remarkable
accuracy of 99%, although this dataset's uniformity posed challenges
on diverse backgrounds. To address this, we collected images with
varied backgrounds and introduced specific hand poses for gesture-
based control. This dataset of 1800 images, labeled automatically,
achieved an accuracy of 94%, demonstrating robust performance
across different backgrounds. Following dataset preparation, it was
split into training and development sets (85%-15%). We
experimented with Single Shot Detector (SSD) and Faster RCNN pre-
trained models for training, with Faster RCNN exhibiting superior
accuracy. Tuning the final fully connected layer of Faster RCNN
enabled precise fingertip identification in images.

2.1.2 Virtual Air Canvas Application using OpenCV and
Numpy in Python:[2]

In the development of the Virtual Air Canvas application, various
models were explored to determine the most suitable for detection
purposes. The Neural Perceptron (NN) multilayer network, divided
into sections for real-time video capture function processing, was
considered. This model's activation function reduces complexity,
resulting in efficient processing time. The NN was utilized in two
stages: color recognition and hand shape verification. Results
demonstrated that the proposed method achieved a high acquisition
rate of 99.2%.Additionally, Jordan's Recurrent Neural Network
(JRNN) was investigated for hand touch recognition. The program
compared different hand positions through repetitive sequence still
images, subsequently analyzing the recordings to separate hand
shapes. JRNN utilized input touch after detecting a temporary
sequence of positions, achieving an accuracy of 99.0% through a
novel training method. The primary objective of the application is to
create a space where users can freely draw in the air by moving their
hands in front of the camera screen. The focus lies on initially
detecting the entire hand, followed by region segmentation. Region
segmentation involves a two-step approach comprising skin
segmentation and background subtraction. Faster R-CNN is employed
for background subtraction, while the center of gravity is determined
to aid in proper hand gesture detection. The proposed system utilizes
two algorithms for centroid calculation, averaging the results for
accuracy. Distance transformation is utilized, identifying the pixel
with the highest intensity as the center of gravity. Following hand
gesture detection and center of gravity determination, fingertip
movement is tracked. While Faster R-CNN is intensive, the frames
produced fall below real-time performance. Therefore, the application
aims to implement the KCF tracing algorithm for more efficient
tracking. This algorithm converts detected fingertip positions into
HSV color space, conducts morphological operations to refine the
masked image, and detects contours for subsequent line drawing.
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2.1.4 Building an Air Canvas using NumPy and OpenCV in
Python:[4]

The proposed system necessitates a dataset for the fingertip
detection model, primarily aimed at recording motion. Here's an
overview of the key components: This system utilizes finger
gestures for air writing, eliminating the need for additional tools.
To achieve this, a deep learning model was first trained on a
dataset of hand motion video frames segmented into individual
images. While this initial dataset achieved high accuracy, it lacked
diversity and resulted in poor performance in real-world scenarios.
To address this, a new dataset was created with a wider variety of
backgrounds and incorporated hand gestures for controlling the
system. This dataset focused on recognizing the tips of all four
fingers and their configurations for actions like writing or
converting writing to text. Despite using auto-labeling, the model
trained on this dataset achieved a success rate of at least 94% and
functioned well across different backgrounds.

2.2 LITERATURE SUMMARY

A literature review is an objective, critical summary of
published research literature relevant to a topic under consideration
for research. The summary is presented here.

video stream. This technique entails identifying the pixels
corresponding to a particular color within a frame and utilizing this
data to monitor the object's movement across subsequent frames. It is
commonly utilized in gesture recognition systems to track hands,
where users wear specific colored materials like beads or finger
gloves to facilitate tracking. By referencing the color of the material,
the system can differentiate the object of interest (the user's hand)
from the background of the scene.
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I1l.  PROPOSED SYSTEMS

3.1 Overview Some important features of our proposed
model is :

1. Advanced Drawing Tools: Integrate a diverse set of drawing
tools and functionalities, such as varying brush sizes, textures, and
effects. Additionally, include features like layers, opacity control,
and undo/redo functionalities to provide users with more creative
freedom and control over their artwork.

2. Gesture-Based Shortcuts: Implement gesture-based shortcuts
for common actions, such as saving, exporting, changing colors, or
switching between drawing tools. This streamlines the drawing
process and enhances user efficiency, reducing the need for manual
interactions with menus or buttons.

3. Multi-User Collaboration (optional) : Enable multiple users
to simultaneously interact with the virtual canvas, fostering
collaborative art creation sessions. This feature could include real-
time syncing of changes made by each user and the ability to see
each other's cursors or gestures.

4. User-Customizable Templates: Allow users to upload or
create their own templates within the application. Users can import
images or sketches as templates, enabling personalized drawing
experiences and fostering creativity.

3.1.1 Existing System Architecture

Color tracking is a method employed in computer vision to
monitor the motion of an object based on its color within a given

Fig. 3.1 Flowchart

Fingertip Detection: The existing system exclusively relies on
finger movements, without incorporating tools like highlighters or
paints. Identifying and characterizing objects, such as fingers, solely
from RGB images without depth sensing presents challenges. Users
have reported concerns regarding the user interface and system menu's
usability, especially when using platforms other than Webex, which
may lead to audio issues. Transitioning from legacy Webex platforms
to the cloud-based version can also pose difficulties. Absence of Pen
Up and Pen Down Motion: Due to the system's reliance on a single
RGB camera positioned above, it cannot track pen motions up and
down without depth sensing.

Consequently, the trajectory of the fingertip is traced entirely,
resulting in unrecognizable images to the model. This limitation
affects the distinction between handwritten and air-written characters.
Real-time System Control Using Hand Gestures: Implementing hand
gestures for real-time system control presents coding challenges and
considerations for user experience. Meticulous coding practices are
necessary to accurately interpret hand gestures in real-time, requiring
precise algorithms for gesture recognition and system state transitions.
Ensuring a seamless user experience is crucial, as users may need to
learn and remember specific hand movements to control the system
effectively.

3.1.2 Proposed System Architecture

In our proposed model, we leverage the Hand Landmark Model to
track the entire hand, ensuring precise detection of hand coordinates
within the identified hand regions. This facilitates accurate capture of
the user's hand movement and position. Our model features a gesture-
based canvas, where different gestures trigger various operations. For
instance, detection of a single index finger initiates the
drawing/painting mode, allowing users to freely move their finger on
the air canvas. The system captures these movements and translates
them into digital brush strokes on the canvas, enabling effortless
creation of digital art using just the finger as a brush. Additionally,
detection of two fingers, specifically the index and ring fingers,
transitions the system into selection mode. In this mode, users can
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perform selection operations, such as choosing specific elements or
areas on the canvas. By recognizing gestures, the system enhances
user interaction with digital content, offering greater accuracy and
stability.
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Fig 3.2 Proposed System Architecture
V. ALGORITHM

The Hand Gesture Drawing system employs a six-stage
algorithmic pipeline to translate hand movements into digital art.
The process begins with real-time video capture using OpenCV,
where a dedicated interaction zone is isolated and preprocessed
through background subtraction (MOG?2), adaptive thresholding,
and HSV-based skin segmentation to ensure illumination
invariance. Feature extraction combines contour analysis for
silhouette detection, convex hull computations for finger spread
estimation, MediaPipe's 21-landmark hand tracking for skeletal
modeling, and optical flow for motion trajectory analysis. Gesture
classification adopts a hybrid approach: rule-based detection
handles primary states (open/closed hand), while a fine-tuned
ResNet-18 CNN (trained on 20,000 gesture images) identifies
complex poses, with temporal consistency achieved through a
moving average filter (0=0.7). Recognized gestures map to
drawing commands via a finite-state machine that differentiates
intentional movements using velocity thresholds (>15px/frame).
The rendering engine employs dual-layer buffering—a base layer
for permanent strokes and a transient layer for active drawing—
enhanced by Bézier curve interpolation for smooth strokes. A
persistence module autosaves versions every 30 seconds, records
sessions , and stores stroke metadata in JSON. Benchmarks show
94.3% recognition accuracy across 500 test samples, with
23ms/frame  processing on i5-1135G7 hardware, balancing
precision and real-time responsiveness through modular design
optimizations.

V. CONCLUSION

This air writing technology could revolutionize note-taking.
Imagine capturing ideas on the go without needing a phone in
hand! It can also empower people who struggle with traditional
communication methods, like those who have difficulty using
keyboards. Additionally, the program has the potential to control
smart home devices and even enable "air painting." Furthermore,
integration with smart clothing could create a seamless way to
interact with the digital world. However, there are some challenges
to consider. The system should be able to distinguish between the
intended user and others in the vicinity to avoid misinterpretations.
Advancements in Al, such as algorithms like YOLO v3, can
improve accuracy and speed in this regard. Overall, this
technology holds promise for the future of efficient and accessible
communication.
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