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ABSTRACT: The Gesture-Based Air Writing System Utilizing MediaPipe and Computer Vision presents an
innovative solution for air-writing recognition, leveraging artificial intelligence (Al) techniques to provide an efficient
and user-friendly experience. This project integrates MediaPipe, a real-time hand tracking library, to accurately capture
air-writing gestures from users using a single web camera. The system eliminates the need for physical constraints such
as delimiters or imaginary boundaries, allowing unrestricted hand movements. A custom pre-processing pipeline is
employed to convert the captured hand trajectory data into suitable formats, which are then processed by deep learning
models, particularly convolutional neural networks (CNNs), for precise character recognition. MediaPipe's hand
tracking algorithm enhances the robustness and accuracy of the system by detecting and following finger movements in
real time. The use of CNNs ensures that the system can effectively recognize air-written characters while maintaining
high accuracy. By combining Al and MediaPipe, this project reduces network complexity compared to image-based
methods and delivers superior performance in air-writing recognition. The system can be applied in various intelligent
interfaces, offering a new way to interact with devices through natural hand gestures, and holds potential for future
applications in augmented reality, smart devices, and virtual environments.

KEYWORDS: Index Terms—Gesture recognition, Air writing, Computer vision, MediaPipe, Hand tracking, AWS
Textract, Real-time text conversion, Rule-based algorithms, Digital text input, Non-machine learning approach.

L. INTRODUCTION

Traditional text input methods, such as keyboards and touchscreens, often present challenges in accessibility and
usability for certain individuals and contexts. This includes people with disabilities, environments where touch-based
input is impractical, and virtual reality settings lacking physical input devices. There is a need for an alternative and
intuitive text input method that can effectively address these limitations. The Air Writing and Recognition System
using MediaPipe and AWS Textract aims to resolve this problem by enabling users to write in the air using hand
gestures. This system combines real-time tracking and precise recognition of finger movements with advanced machine
learning techniques to translate and convert the air-written text into digital form accurately. By providing a hands-free
and adaptive input method, this solution seeks to enhance accessibility and usability in diverse scenarios.

The "Gesture-Based Air Writing System Utilizing Computer Vision" leverages advanced computer vision techniques to
enable users to write in the air using natural hand gestures. This innovative system relies on the MediaPipe module to
detect and track hand movements in real-time, accurately identifying hand landmarks to interpret finger positions and
movements. As users move their fingers in specific patterns, the system captures the gesture path and analyzes the
coordinates of the hand joints, translating these motions into structured writing. By focusing on gesture-based input,
this approach provides an intuitive way of interaction that does not require physical touch or traditional input devices.

One of the key aspects of this system is its use of rule-based algorithms instead of machine learning models to interpret
hand movements. By relying on pre-defined gesture patterns, the system can quickly and accurately convert the
captured hand gestures into digital text. This rule-based approach ensures that the system is both accessible and faster
to deploy, as it does not require extensive training data or computational resources typically associated with machine
learning. The integration of AWS Textract further enhances the system's capabilities by converting the structured
motion of the gestures into recognizable text, bridging the gap between physical gestures and digital communication.
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This air writing system has broad applications, particularly in areas where touchless interaction is essential, such as
virtual reality, augmented reality, and smart environments. Its ability to convert natural hand movements into text
inputs opens up new possibilities for seamless human-computer interaction. The system's design focuses on precision
and speed, making it a versatile solution for users seeking an efficient and hands-free way to input text or commands
into digital platforms. By utilizing computer vision techniques and real-time tracking, this project offers a practical
approach to gesture recognition without the complexities of machine learning, making it a valuable tool for both
everyday use and specialized applications.

II. RELATED WORK

The existing system for air writing and recognition leverages advanced technologies like MediaPipe and AWS Textract
to provide a seamless and intuitive text input method using hand gestures. MediaPipe Hands, a high-definition hand and
finger tracking system, plays a crucial role in this system by extracting 21 3D hand landmarks from a single image
through machine learning (ML) techniques. This allows for precise tracking of hand movements in real-time, enabling
users to write in the air with natural gestures. The system uses machine learning to analyze how these hand landmarks
move over time, accurately recognizing different gestures and translating them into digital text. AWS Textract further
enhances the system by providing robust text recognition capabilities, converting the recognized gestures into readable
text with high accuracy. This is achieved without requiring specialized machine learning skills, thanks to AWS
Textract's user-friendly API methods, which can analyze image and PDF files effectively. The system’s real-time
tracking and precise recognition capabilities make it an ideal solution for tasks that require text input in environments
where traditional methods, such as keyboards or touchscreens, are impractical. With applications ranging from virtual
reality environments to smart devices, the air writing and recognition system represents a significant advancement in
human-computer interaction, combining computer vision, machine learning, and natural language processing to enable
a unique and intuitive way of text input.

III. PROPOSED METHODOLOGY

The proposed methodology for the Gesture-Based Air Writing System Utilizing Computer Vision involves a rule-based
approach to enable real-time air writing and text conversion without relying on machine learning models. The system
begins by detecting and tracking hand landmarks using the MediaPipe module, which employs computer vision
techniques to identify key points on the hand, such as finger joints and fingertips. These tracked landmarks are used to
capture the motion trajectory of the fingertip, representing air-drawn gestures. The system interprets these gestures
using pre-defined rules and patterns, associating them with strokes or characters for precise recognition. AWS Textract
is then repurposed to process the captured gesture trajectories and convert them into digital text. This ensures accurate
and real-time translation of hand movements into readable characters or words, which are displayed on a digital
interface for user interaction. By focusing on rule-based gesture recognition and leveraging computer vision techniques,
the system achieves simplicity, accessibility, and efficiency while eliminating the need for training data or complex
machine learning models. This innovative approach provides a seamless and user-friendly way to interact with digital
devices through air writing.
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IV. WORKING MODULE

1. Hand Detection and Tracking Module
Objective: To detect and track the user's hand in realtime using the camera feed.

Details:
e  Utilizes the MediaPipe module for detecting hand landmarks with high precision.
o Identifies key points on the hand, including finger joints and the palm base, to understand hand orientation.

e Realtime tracking ensures that the hand's movement is continuously monitored, allowing for smooth gesture
detection.

e Outputs the coordinates of the detected hand points, which are then used as inputs for gesture interpretation.

2. Gesture Recognition Module

Objective: To interpret the detected hand movements into meaningful gestures.

Details:

e  Uses rulebased algorithms and predefined patterns to recognize the movement of fingers and the hand.

e Analyzes the trajectory of the fingertip (or specified joint) as the user writes in the air, tracking the motion path.

e Converts these motion patterns into structured writing gestures by comparing them to known templates of letters
and symbols.

e This approach bypasses the need for machine learning, focusing on precise, predefined gesture interpretations.

3. Air Writing Path Analysis Module

Objective: To process the coordinates of the hand's movement into a coherent writing pattern.

Details:

e Captures the continuous stream of hand movement data to form a smooth trajectory or path in the air.
e Processes these paths to differentiate between different characters, words, or symbols being drawn.

o  Utilizes filtering techniques to remove noise and refine the captured path for better accuracy.

o  Ensures that the transitions between individual gestures are smooth to support seamless writing.
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4. Text Conversion Module Using AWS Textract

Objective: To convert the analyzed air writing gestures into digital text.

Details:

e Employs AWS Textract to recognize and convert the structured gesture data into

e Interprets the recognized gestures by analyzing their shape and structure, translating them into corresponding
letters or words.

e The use of Textract ensures that the system can handle various types of gestures that resemble alphanumeric
characters.

e  Outputs digital text that can be displayed on the screen or integrated with other applications.

V. CONCLUSION

In conclusion, the Gesture-Based Air Writing System Ultilizing Computer Vision presents a groundbreaking approach
to text input by harnessing the capabilities of the MediaPipe module and AWS Textract. By employing rule-based
algorithms and pre-defined gesture patterns, this innovative system enables users to write in the air, translating precise
hand movements into digital text in real-time without reliance on complex machine learning models. The air writing
and recognition system project aims to revolutionize the way users interact with digital devices by enabling them to
write in the air using hand gestures. This innovative approach leverages the MediaPipe module for precise finger
movement recognition and AWS Textract for accurate text conversion, offering a real-time, user-friendly solution for
text input. The project addresses key areas such as problem definition, objectives, scope, and functional requirements,
highlighting the importance of effective communication and collaboration during development. Its intuitive design not
only enhances user interaction in environments where traditional input methods may be limited, such as virtual reality
and smart devices, but also opens up new avenues for gesture-based communication. With its high accuracy and
adaptability, the system stands to revolutionize how users engage with digital platforms, offering a seamless and
efficient alternative for text input across various applications.
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