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Abstract: The evolution of human-computer interaction has increasingly focused on creating intuitive
and contactless interfaces that reduce dependency on traditional input devices. This paper presents Air
CAD, a real-time gesture-based virtual drawing system that enables users to sketch and interact with a
digital canvas using only hand movements captured through a standard webcam. The proposed system
integrates computer vision techniques with machine learning-based hand tracking to detect and interpret
finger gestures as drawing commands.

Experimental results demonstrate that the system achieves high accuracy in gesture recognition while
maintaining real-time performance on standard computing devices. The proposed approach highlights
the potential of gesture-driven interfaces in applications such as education, design prototyping, and
contactless environments, paving the way for more natural and immersive interaction paradigms..
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I. INTRODUCTION
The rapid advancement of computer vision and machine learning has significantly transformed human-computer
interaction (HCI), enabling more natural and intuitive ways for users to interact with digital systems. Traditional input
devices such as keyboards, mice, and drawing tablets, although effective, impose limitations in terms of accessibility,
cost, and usability. These tools require physical contact and specialized hardware, which may not always be available
in resource-constrained environments.
Air CAD is proposed as a novel gesture-based virtual drawing system that leverages real-time hand tracking using a
standard webcam. The system enables users to draw in the air using simple hand gestures, eliminating the need for
physical input devices. By utilizing Media Pipe Hands and OpenCV, the system detects hand landmarks and translates
finger movements into drawing commands on a virtual canvas.
This project aims to bridge the gap between natural human gestures and digital drawing interfaces by providing a cost-
effective, contactless, and intuitive solution for users across education, design, and professional domains.

II. LITERATURE REVIEW
Gesture-based interaction has been an active research area for decades. Early systems such as Krueger’s Video place
demonstrated the feasibility of using body gestures for interaction. Later, hardware-based solutions like Data Gloves
and Microsoft Kinect provided improved accuracy but suffered from high cost and hardware dependency.
Rautaray and Agrawal (2015) categorized gesture recognition techniques into appearance-based and model-based
approaches, concluding that model-based methods provide higher accuracy. Dardas and Georganas (2011) used
machine learning techniques for gesture classification but faced limitations in continuous tracking.
The introduction of Media Pipe Hands (Zhang et al., 2020) marked a breakthrough by enabling real-time hand tracking
using only a webcam. Several recent works, such as virtual whiteboards and air-writing systems, have used this
technology to develop gesture-controlled applications.
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However, most existing systems either:

* Depend on specialized hardware (Kinect, Leap Motion)

* Use fragile colour-based tracking

* Focus only on character recognition instead of full drawing systems

Air CAD builds upon these studies and integrates real-time gesture recognition with a complete drawing interface.

III. RESEARCH GAP
From the literature survey, the following research gaps are identified:
» Most gesture-based systems require specialized hardware, increasing cost and limiting accessibility
* Existing webcam-based systems often lack robust gesture recognition and multi-mode functionality
* Limited systems support both freehand drawing and geometric shape creation
* Lack of integrated gesture-controlled toolbars and user interfaces
* Few solutions provide real-time performance with high accuracy on low-end systems
Therefore, there is a need for a low-cost, webcam-based, real-time gesture drawing system that is accurate, intuitive,
and feature-rich.

IV. METHODOLOGY
The Air CAD system follows an iterative development approach and consists of the following stages:
1. Data Acquisition
» Webcam captures real-time video frames
* Frames are preprocessed using OpenCV
2. Hand Detection
» MediaPipe Hands detects hand presence
* Extracts 21 landmark points for each frame
3. Gesture Recognition
* Finger states are determined using landmark positions
* Gestures are classified into modes:
o Draw Mode
o Select Mode
o Erase Mode
o Clear Mode
o Pause Mode
4. Drawing Module
* Index fingertip is used as a cursor
* Continuous tracking enables freehand drawing
* Shape tools allow drawing lines, rectangles, and circles
5. User Interface
* Gesture-controlled toolbar for:
o Color selection
o Tool selection
* Hover-based selection using dwell time
6. Output Generation
* Canvas is displayed in real time
Drawings can be saved as PNG image
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V. RESULTS AND DISCUSSION:
The system was tested on multiple hardware configurations and under different environmental conditions.
Performance Results:
» Average FPS: 22-27 FPS
 Hand Detection Accuracy: ~96%
* Gesture Recognition Accuracy: ~92%
* Latency: < 60 ms
Observations:
* System performs best in well-lit environments
» Slight performance drop in low light and cluttered backgrounds
* Freehand drawing accuracy is affected by hand tremor
* Shape tools provide high precision
Discussion:
The results demonstrate that Air CAD successfully achieves real-time performance using only a webcam. Compared to
traditional systems, it provides a cost-effective and contactless alternative. However, improvements such as smoothing
algorithms and multi-hand support can enhance usability further.

VI. CONCLUSION
Air CAD presents an innovative approach to digital drawing by utilizing gesture-based interaction through computer
vision. The system eliminates the need for expensive hardware and provides a natural, intuitive interface for users.
The project successfully meets its objectives by:
* Implementing real-time hand tracking
* Enabling gesture-based drawing and tool selection
* Providing a contactless and accessible solution
The results confirm that gesture-based drawing systems are practical and can be widely adopted in education, design,
and professional applications.
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